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Akt.  L — Experiments  on  the  Electricity  of  a  Plate  of  Zinc 
buried  in  the  Earth ;  by  Elus  Loomis,  Professor  of  Matbe* 
Diatics  and  Natural  Philosophy  in  the  University  of  the  City 
of  New  York. 

In  October,  1842,  Mr.  Alexander  Bain  discovered  that  a  plate 
of  zinc  buried  in  the  earth  and  connected  by  a  wire  with  a  copper 
plate  similarly  buried  at  the  distance  of  a  mile,  produced  an  elec- 
tric current  with  which  various  electro-magnetic  experiments 
were  successfully  performed.  I  have  lately  performed  a  series  of 
similar  experiments  for  the  purpose  of  ascertaining  the  circunEi- 
stances  which  determine  the  intensity  of  the  current,  and  of 
discovering  to  what  extent  this  intensity  might  be  increased. 

Experiment  1.  On  the  15th  of  May,  1849,  I  took  a  plate  of 
sheet  zinc  twelve  inches  by  sixteen,  and  having  soldered  to  it 
a  copper  wire  sixty  feet  in  length,  buried  it  two  feet  beneath  the 
surface  of  the  earth  on  the  north  side  of  the  Philosophical  Hall 
of  the  (College  of  New  Jersey.  A  plate  of  sheet  copper  nine 
inches  square,  which  I  shall  call  copper  plate  No.  1,  was  buried 
in  a  similar  manner  twenty-seven  feet  from  the  former.  The 
wires  from  these  plates  being  together  one  hundred  and  fourteen 
ket  in  length,  extended  to  the  upper  story  of  the  hall,  and  were 
connected  with  a  small  galvanometer,  made  by  E.  M.  Clark  of 
London.  The  needle  (which  was  two  and  three-eighths  inches  in 
length)  was  deflected  with  great  violence  and  finally  settled  at 
66°.  The  positive  current  of  electricity  flowed  through  the 
earth  from  the  zinc  to  the  copper  plate,  and  thence  through  the 
air  back  to  the  ziuc  plate. 

8boi»d  Snni,  Vol  IX,  No.  26.— Jan.,  1S60.  1 
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Exp.  2.  I  substituted  for  the  galvanometer  one  of  Morse's 
receiving  magnets.  When  the  circuit  was  completed  by  depress- 
ing the  key  in  the  usual  mode  of  telegraphing,  the  armature  of 
the  magnet  was  readily  attracted ;  and  after  adding  a  single  cup 
of  Grove's  battery  for  the  local  circuit,  the  register  worked 
promptly  and  efficiently.  In  other  words,  Morse's  telegraph  was 
worked  in  a  beautiful  manner,  with  only  the  electricity  of  a  small 
plate  of  zinc  buried  in  the  earth  for  the  main  circuit.  The  pre- 
ceding circuit,  being  one  hundred  and  fourteen  feet  in  length, 
will  hereafter  be  referred  to  by  the  name  of  the  short  circuit. 

Exp.  3.  I  took  a  longer  wire  and  attached  to  its  extremity  a 
piece  of  sheet  copper  four  inches  by  eight,  which  I  call  copper 
plate  No.  2.  This  was  dropped  into  a  cistern  of  water  one  hun- 
dred and  twenty-five  feet  from  the  zinc  plate.  Upon  connecting 
the  wire  with  that  of  the  zinc  plate,  the  total  length  of  wire  in 
the  circuit  being  now  two  hundred  and  twenty  feet,  the  needle  of 
the  galvanometer  was  instantly  deflected  100^,  and  settled  per- 
manently at  50^.  The  same  current  was  sufficient  to  work  the 
telegra[)h  apparently  as  well  as  before. 

Exp.  4.  I  detached  copper  plate  No.  2  from  the  wire  and  sim- 
ply dropped  the  end  of  the  wire  into  the  cistern.  The  needle 
of  the  galvanometer  was  deflected  about  30^  and  settled  perma- 
nently at  12^.  The  direction  of  the  current  was  the  same  as  in 
all  the  former  experiments.  In  this  case  the  wire  could  not  well 
be  supposed  to  serve  any  other  purpose  than  that  of  a  conductor 
to  complete  the  electric  circuit.  In  other  words  the  galvanic 
battery  was  entire  without  the  copper  plate;  the  battery  consist- 
ing of  the  zinc  plate  and  the  moisture  contained  in  the  earth. 

Upon  introducing  the  telegraph  register  into  this  circuit,  the 
armature  of  the  receiving  magnet  was  attracted  sensibly  though 
feebly.  After  careful  adjustment,  the  register  worked  with 
promptness  and  certainty. 

Exp  5.  I  again  attached  copper  plate  No.  2  to  the  end  of  the 
wire,  and  increased  the  length  of  wire  in  the  circuit  to  five  hun- 
dred feet.  The  galvanometer  needle  was  powerfully  deflected 
and  finally  settled  at  45^.  The  telegraph  register  operated  beau- 
tifully. 

Exp.  6.  I  took  up  the  wire  attached  to  the  copper  plate  and 
dropped  the  plate  into  another  cistern  four  hundred  and  seventy- 
five  feet  from  the  zinc  plate.  The  length  of  wire  in  the  circuit 
was  now  five  hundred  and  seventy  feet.  Upon  interposing  the 
galvanometer,  the  needle  settled  at  86^.  The  telegraph  register 
operated  with  ease  and  certainty. 

Exp.  7.  I  now  added  two  hundred  and  fifty  feet  more  of  wire, 
making  the  entire  length  of  wire  in  the  circuit  eight  hundred  and 
twenty  feet;  that  is,  the  total  length  of  circuit,  including  the 
earth,  was  now  one  thousand  two  hundred  and  ninety-five  feet. 
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This  is  designated  in  the  following  ezperinients  by  the  nanae  of 
the  ton^  circuit.  The  galvanometer  settled  at  34^.  The  opera- 
tion of  the  telegraph  was  not  sensibly  impaired. 

Eixp.  8.  I  took  a  wire  sixty  feet  in  length,  and  attached  to  it 
a  plate  of  copper  in  form  of  a  circle  eleven  inches  in  diameter, 
which  I  shall  call  copper  plate  No.  3.  I  threw  this  plate  into  a 
well  near  the  last  cistern,  and  attached  the  end  of  the  wire  to  the 
fonner  circuit.  The  galvanometer  needle  settled  at  64^.  Upon 
the  short  circuit,  Exp.  No.  2,  the  galvanometer  stood  at  70^. 

I  now  inferred  that  the  cisterns  used  in  Experiments  3-7  did 
not  communicate  freely  with  the  earth.  They  were  both  brick 
cisterns  lined  with  hydraulic  cement.  In  order  to  decide  the 
question,  the  following  experiment  was  tried. 

Exp.  9.  I  adjusted  my  wire  so  that  the  same  plate  might  be 
thrown  alternately  into  the  cistern  and  well.  When  the  wire  ter- 
minated with  plate  No.  3  in  the  cistern,  the  galvanometer  settled 
at  52^.  When  the  wire  with  the  same  plate  terminated  in  the 
well,  the  galvanometer  settled  at  63^.  Thus  my  suspicion  was 
confirmed,  and  the  cisterns  were  discarded  throughout  the  remain- 
der of  the  experiments. 

Exp.  10.  I  attached  both  plates,  Nos.  2  and  3,  making  together 
not  quite  a  square  foot  of  surface,  to  the  same  wire,  and  threw 
them  into  the  well.  The  galvanometer  settled  at  66^.  Upon 
the  short  circuit,  Exp.  No.  2,  the  galvanometer  settled  at  69^. 

Exp*  11.  I  moistened  a  strip  of  paper  with  a  solution  of 
iodid  of  potassium  and  starch.  Upon  introducing  this  into  the 
short  circuit  the  iodine  immediately  made  its  appearance  upon 
the  positive  pole.  Morse's  telegraphic  characters  were  promptly 
stained  upon  the  paper,  so  as  to  admit  of  telegraphing  with  toler- 
able rapidity.  Upon  the  long  circuit,  Exp.  No.  7,  the  same  effects 
were  produced  but  not  as  promptly. 

Exp.  12.  I  moistened  a  strip  of  paper  with  a  solution  of 
prussiate  of  potash  in  nitro-muriatic  acid.  This  was  readily 
stained  a  deep  blue  when  the  current  was  transmitted  through 
a  steel  point.  Morse's  telegraphic  characters  were  marked  upon 
the  paper  with  |:H'omptness. 

In  experiment  No.  4,  it  was  found  that  the  telegraph  register 
could  be  worked  with  a  current  which  deflected  the  needle  of  the 
galvanometer  only  12^.  From  a  comparison  of  Experiment  10 
with  those  of  Prof.  Morse,  published  in  the  American  Journal  of 
Science,  vol.  xlv,  p.  391,  it  is  inferred  that  the  current  generated 
by  the  zinc  plate  when  both  copper  plates,  Nos.  2  and  3,  were  at- 
tached to  the  wire,  would  have  this  degree  of  intensity  when  the 
length  of  the  interposed  wire  was  increased  to  ten  miles.  In 
other  words,  a  zinc  plate  a  foot  square  buried  in  the  earth,  with  a 
copper  plate  of  the  same  size  dropped  into  a  well  of  water,  con- 
stitute a  battery  powerful  enough  to  work  Morse's  telegraph 
throogh  a  distance  of  ten  miles. 
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This  then  constitutes  a  most  convenient  and  economical  bat- 
tery. The  first  expense  of  the  plates,  without  the  connecting 
wire  is  about  two  shillings.  The  battery  requires  no  attention 
from  day  to  day— involves  no  expenditure  for  acids — is  perma- 
nent in  its  action — and  appears  to  possess  every  desirable  quality 
for  a  telegraph  for  short  distances. 

In  none  of  the  preceding  experiments  was  the  wire  which 
formed  the  circuit  wound  into  a  coil,  but  was  stretched  out  into 
a  long  line. 

Exp.  13.  On  the  1st  of  June,  1849,  the  galvanometer  on  the 
long  circuit,  Exp.  7,  settled  at  6P ;  on  the  short  circuit,  Exp.  No.  2, 
it  settled  at  66^.  This  is  the  same  as  was  observed  May  15th, 
the  day  on  which  the  zinc  plate  was  first  buried ;  although  in 
one  instance  after  a  rainy  day,  an  observation  of  70^  had  been 
recorded.  The  current  during  these  seventeen  days  had  been  re- 
markably uniform. 

I  now  buried  a  second  zinc  plate  twenty  inches  square  by  the 
side  of  the  former  one,  at  the  depth  of  two  feet  beneath  the  sur- 
face of  the  earth,  and  connected  the  two  plates  by  a  short  wire. 
The  galvanometer  on  the  long  circuit  settled  at  66^^;  on  the 
short  circuit  it  settled  at  72^.  Thus  it  appeared  that  by  the 
addition  of  the  second  zinc  plate  which  was  considerably  larger 
than  the  first,  the  strength  of  the  electric  current  had  been  in- 
creased about  one-third. 

The  following  experiments  were  performed  to  determine  the 
influence  of  the  size  of  the  copper  plate  upon  the  intensity  of  the 
current. 

Exps.  14  to  29.  I  detached  copper  plates  Nos.  2  and  3  from 
the  long  wire,  and  substituted  for  them  a  single  copper  plate  forty- 
eight  inches  by  fourteen  immersed  in  the  well.  The  galvanome* 
ter  stood  at  74|o. 

I  now  divided  the  copper  plate  in  the  middle  leaving  a  plate 
twenty-four  inches  by  fourteen  immersed  in  the  well.  The  gal- 
vanometer stood  at  71i^. 

I  thus  proceeded  to  divide  the  copper  plate  until  I  had  reduced 
it  to  three  inches  by  a  half  inch  ;  after  which  the  plate  was  en- 
tirely removed.  I  then  withdrew  the  zinc  gradually  from  the 
well  until  only  three  inches  of  it  remained  immersed  in  the  water, 
and  noticed  at  each  step  the  eflect  upon  the  needle.  The  cop|ier 
wire  was  ^\  of  an  inch  in  diameter,  and  while  the  copper  plate 
was  attached,  it  was  immersed  five  and  a  half  feet  in  the  water. 
In  the  following  table,  column  second  shows  the  dimensions 
of  the  copper  plate  employed ;  column  third  shows  the  entire 
surface  of  copper  immersed,  including  both  sides  of  the  plate 
and  also  the  immersed  wire ;  column  fourth  shows  the  observed 
deviation  of  the  galvanometer  needle ;  and  column  fifth  shows 
the  natural  tangent  of  the  angle  of  deviation. 
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No.  of 

Sao  of  the 

Copper  •iifface 
immersed 

Deviation  of 

'IVngeiito/ 

Copper  Pl«le. 

Galvanometer. 

deviiition 

14 

48  iocbes  by  14 

1854  liquare  inches. 

74J'' 

8-668 

16 

24         "         14 

682 

7U 

2989 

16 

12         «         14 

846 

68i 

2-507 

17 

6         «         14 

178 

664 

2-300 

18 

6         «           7 

94 

641 

2120 

*  19 

8        «           7 

62 

62& 

1-921 

20 

8        «           Si 

81 

60} 

1-786 

21 

8        «           2 

22 

59 

1-664 

22 

8        "           1 

16 

67 

1-540 

2« 

8        «           1 

18 

564 

1-511 

24 

6  feet 

108 

56 

1-483 

25 

54  - 

9-9 

651 
461 

1-442 

26 

8    « 

6-4 

1-068 

27 

1     « 

1-8 

82| 

-643 

28 

einches. 

0-9 

19 

-344 

29 

8      « 

0-45 

11 

-194 

The  law  which  these  numbers  follow  is  exhibited  by  the  fol- 
lowing curve,  in  which  the  abscissas  represent  the  amount  of 
copper  surface  immersed  in  the  water,  and  the  ordinates  represent 
the  intensity  of  the  electric  current,  assuming  the  intensity  to  be 
proportioned  to  the  tangent  of  the  angle  of  deviation  of  the  gat* 
vanometer. 
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Tbe  womheiM  hr\gm  tbe  horiciMiUl  Hne  rapreMQt  tbe  Mioue  inches  of  copper  rarfkce  imnerMd : 
the  (lotted  vertical  Unei  repre«eut  tbe  corresponding  intensity  of  the  electric  current. 

Thus  it  appears  that  for  plates  less  than  one  square  inch,  the 
intensity  of  the  current  as  measured  by  its  effect  upon  a  mag- 
netic needle,  is  nearly  proportioned  to  the  surface  of  the  plates ; 
but  in  order  to  double  the  intensity  of  the  current  yielded  by  a 
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copper  plate  of  three  and  one-third  square  inches,  counting  both 
sides,  the  surface  of  the  plate  must  be  increased  fourteen  fold ; 
and  in  order  to  increase  the  current  fourfold,  the  surface  of  the 
plate  must  be  increased  four  hundred  and  twenty  fold.  In  order 
to  double  the  current  again  would  probably  require  a  copper  plate 
more  than  sixteen  feet  square. 

The  following  experiments  were  performed  to  determine  how 
far  the  intensity  of  the  current  could  be  increased  by  multiplying 
the  number  of  galvanic  elements. 

Exp.  30.  I  buried  a  plate  of  zinc  six  inches  square  in  the 
earth  at  a  distance  of  twelve  feet  from  the  well  used  in  the  pre- 
ceding experiments.  The  depth  to  the  surface  of  the  water  in 
the  well  was  also  twelve  feet.  A  plate  of  copper  six  inches 
square  being  attached  to  a  wire  and  dropped  into  the  well,  the 
galvanometer  settled  at  45^. 

Exp.  31.  I  then  buried  a  second  copper  plate  of  the  same 
dimensions  in  the  @sirth  at  a  distance  of  one  inch  from  the  first 
zinc  plate,  and  connected  it  by  a  wire  with  a  second  zinc  plate 
which  was  immersed  in  the  well  by  the  side  of  the  copper  plate 
and  separated  from  it  to  the  distance  of  half  an  inch  by  interposed 
cork.  The  galvanometer  settled  at  58^.  The  tangents  of  45^ 
and  S8P  are  in  the  ratio  of  ten  to  sixteen.  In  this  ratio  the  in- 
tensity of  the  current  had  been  increased  by  the  addition  of  a 
second  pair  of  plates. 

Exp.  32.  I  removed  the  second  copper  plate  to  the  distance 
of  five  inches  from  the  zinc  plate  which  was  buried  in  the  earth. 
The  galvanometer  settled  at  60^.  I  then  interposed  between  the 
copper  and  zinc  a  third  pair  of  plates  of  the  same  dimensions, 
when  the  galvanometer  settled  at  68^.  This  experiment  did  not 
afford  much  encouragement  for  increasing  the  number  of  plates 
beyond  two  pairs  of  elements. 

Exp.  33.  I  repeated  the  last  three  experiments  in  a  new  posi- 
tion about  four  feet  from  the  former  one.  In  this  second  locality 
the  soil  was  only  eight  inches  deep,  a  flat  stone  lying  underneath. 
With  one  zinc  plate  in  the  earth  and  one  copper  plate  in  the  well 
the  galvanometer  settled  at  26^. 

Exp.  34.  With  a  copper  plate  in  the  earth  distant  one  inch 
from  the  zinc,  and  a  pair  of  plates  in  the  well,  as  in  experiment 
31,  the  galvanometer  settled  at  44^.  The  tangents  of  26^  and 
44®  are  almost  exactly  in  the  ratio  of  one  to  two.  The  inten- 
sity of  the  current  was  therefore  doubled  by  the  addition  of  a 
second  pair  of  plates. 

Exp.  35.  I  removed  the  second  copper  plate  to  the  distance  of 
twelve  inches  from  the  zinc  which  was  buried  in  the  earth. 
The  galvanometer  settled  at  28J®.  I  placed  the  copper  plate  six 
inches  from  the  zinc,  when  the  galvanometer  settled  at  30®.  I 
placed  the  copper  plate  five  inches  from  the  zinc  when  the  gal- 
vanometer settled  at  33®.     I  then  interposed  a  third  pair  of  plates 
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when  the  galvanometer  settled  at  40jo.  In  this  experiment  the 
three  pairs  of  plates  did  not  furnish  the  same  intensity  as  two 
pairs  in  Exp.  34  By  bringing  the  plates  a  little  closer  together 
some  increase  of  efiect  would  have  been  obtained ;  but  although 
the  experiment  was  several  times  repeated,  nearly  the  same  ad- 
vantage appeared  to  be  lost  in  every  instance  by  the  separation  of 
the  second  copper  plate  from  the  first  zinc,  as  was  gained  by  the 
interposition  of  the  third  pair  of  plates. 

Exp.  36.  I  took  three  pairs  of  plates  six  inches  by  seven,  all 
well  secured  at  distances  of  one-third  of  an  inch  from  each  other. 
The  outer  copper  plate  was  connected  by  a  wire  with  the  zinc 
plate  buried  in  the  earth,  as  in  Exp.  30.  The  outer  zinc  plate 
was  connected  with  the  copper  plate  buried  one  inch  from  the 
zinc,  as  in  Exp.  31.  Upon  lowering  the  battery  into  the  well  tlie 
galvanometer  stood  at  62^. 

Exp.  37.  I  removed  one  pair  of  plates  from  the  battery,  the 
interval  between  the  remaining  ones  being  still  one-third  of  an 
inch,  when  the  galvanometer  stood  at  60f ^. 

Exp.  38.  I  removed  a  second  pair  of  plates  from  the  battery, 
leaving  only  one  pair  separated  by  a  distance  of  one-third  of  an 
inch  in  the  well ;  and  one  pair  separated  by  an  inch  buried  in 
the  earth,  when  the  galvanometer  stood  at  70^. 

Thus  it  appears  ihat  one  pair  of  plates  immersed  in  the  water 
affords  a  stronger  current  than  two  or  three  pairs.  The  difference 
between  two  and  three  pairs  is  altogether  trifling. 

Exp.  39.  I  removed  the  copper  plate  from  the  ground  and  the 
zinc  plate  from  the  well,  when  the  galvanometer  settled  at  63^. 
The  tangents  of  58^  and  70^  are  almost  exactly  as  one  to  two. 
This  experimentAerefore  leads  to  the  same  conclusion  as  Exp. 
34,  that  with  on^)air  of  elements  buried  in  the  earth  and  one 
immersed  in  the  well,  the  intensity  of  the  current  is  double  of 
that  furnished  by  a  single  pair. 

ESxp.  40-54.  The  following  experiments  were  made  to  de- 
termine the  influence  of  the  size  of  the  zinc  plate  upon  the  in- 
tensity of  the  current.  I  buried  a  plate  of  sheet  zinc  twelve 
inches  square  on  the  spot  employed  in  Exp.  30.  A  plate  of 
copper  twelve  inches  by  fourteen  was  attached  to  a  wire  and  im- 
mersed in  the  well.  Upon  connecting  the  two  plates  by  a  wire 
the  galvanometer  stood  at  65^^.  I  then  removed  one-half  of  the 
zinc  plate  when  the  galvanometer  stood  at  64^^.  I  continued 
thus  to  divide  the  zinc  plate  and  record  the  indications  of  the 
needle  until  the  plate  was  reduced  to  as  small  dimensions  as 
could  well  be  used.  The  following  table  contains  the  observa- 
tions. Column  second  shows  the  dimensions  of  the  zinc  plate 
employed  ;  column  third  shows  the  entire  surface  of  zinc  buried 
in  the  earth,  counting  both  sides  of  the  plate ;  column  fourth 
shows  the  observed  deviation  of  the  galvanometer  needle ;  and 
column  fifth  shews  the  natural  tangent  of  the  angle  of  deviation. 
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No  of 

Sixe  of  the 

Zinc  Mirface 

Deviation  of  ITaniEeotoi 

Experiment. 

Zinc  Plnte. 

buried. 

Galvanometer,  deviation. 

40 

12  inches  by  12 

288  gquare  indxaa. 

664^ 

2194 

41 

12-6 

144 

64, 

2097 

42 

6         •*           6 

72 

68; 
61: 

1-984 

48 

6         "           8 

86 

1-861 

44 

8         **           8 

18 

68! 

1-648 

46 

8         «           2 

12 

67 

1-640 

46 

8         "           1 

6 

681 

1-861 

47 

2         "           1 

4 

53 

1-292 

48 

1         "           1 

2 

1171 

49 

1         "           i 

1 

45 

1-000 

60 

1         **           i 

1 

42i 

0-916 

61 

i        " 

i 

871 

0-767 

62 

i        " 

i 

811 

0-613 

63 

1        "            1 

^'^   : 

261 

0-504 

64 

i         "           } 

t         it't         - 

24 

0-445 

Exp.  55.  In  several  of  the  last  experiments  the  solder  with 
which  the  copper  wire  was  attached  to  the  zinc  plate  covered  a 
considerable  portion  of  the  zinc  surface  and  impaired  the  effect  of 
the  plate.  I  therefore  cut  a  strip  one-tenth  of  an  inch  wide  from 
thin  sheet  zinc  and  soldered  it  to  the  end  of  a  copper  wire.  When 
this  was  inserted  two  inches  in  the  ground  and  connected  with 
the  cop|ier  plate  in  the  well,  the  galvanometer  settled  at  46^^. 

Exp.  66.  When  the  same  zinc  wire  was  inserted  half  an  inch 
in  the  ground,  the  galvanometer  settled  at  36^^. 

Exp.  67.  When  the  end  of  the  zinc  barely  pressed  upon  the 
ground  by  its  own  weight,  the  galvanometer  settled  at  17J^. 

The  law  which  the  preceding  numbers  follow  is  exhibited  by 
the  following  curve  line,  in  which  the  abscissas  represent  the 


t5        50  KK)  150  200  350  300 

The  aamben  below  the  horisonUl  line  repreaeat  the  tqaare  iaehei  of  sine  rarihce  buried  ia  the 
earth :  the  dotted  vertical  linei  repretent  the  correipondinf  intensity  of  the  eleotrie  corrent. 
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amoont  of  zhic  sartBce  buried  in  the  earth,  ami  the  ordinfttes 
lepreaent  the  intensity  of  the  electric  current,  asinming  the  inteiK 
sit  7  to  be  proportioned  to  the  tangent  of  the  angle  oif  deviation 
of  the  galvwumeter. 

From  these  ezperimento  it  appears  that  a  small  wire  of  zinc 
inserted  half  an  inch  in  the  ground  affords  a  current  half  as  strong 
as  a  plate  an  inoh  square ;  and  a  plate  one  inch  sqoare  affords  a 
current  more  than  half  as  strong  as  a  plate  one  foot  square;  so 
that  even  less  advantage  is  gained  by  increasing  the  sur&ce  of  the 
zinc  plate  than  the  surface  of  the  copper  plate. 

Ezpi.  58.  I  took  a  strip  of  sheet  zinc  one*tenth  of  an  inch 
wide  and  twenty  inehea  long,  and  having  soldered  to  it  a  copper 
wire  sixty  feet  long,  ineerted  it  vertically  in  the  ground  near  the 
Philosophical  Hall.  Upon  dropping  the  end  of  the  copper  wire, 
Exp.  7,  seiren  hundred  and  sixty  foet  in  length,  U)to  the  well 
without  any  plate  attached,  the  needle  settl^  at  38}^.  This 
current  woriced  the  telegraph  with  promptness  and  efficiency. 

The  following  experiments.  No.  59  to  65,  were  tried  with 
the  electricity  of  the  common  machine. 

fixp.  59.  A  Leyden  jar  having  a  capacity  of  one  quart  was 
charged  with  the  electricity  of  a  common  machine,  and  the 
charge  passed  through  the  long  circuit  used  in  Exp.  7.  The  jar 
rested  upon  a  table  with  a  wire  attached  to  the  zinc  plate  uuder* 
neath  it  Upon  bringing  the  wire  attached  to  the  copper  plate 
near  to  the  knob  of  the  jar  the  charge  passed  afqparentiy  without 
difficulty. 

Exp.  60.  I  applied  my  left  hand  to  the  ontside  of  the  jar 
which  rested  upon  the  zinc  wire  as  before.  On  bringing  the 
other  wire  which  I  heM  in  my  right  hand  near  the  knob,  the  jar 
was  discharged  and  I  received  a  asvere  shock. 

Exp.  61.  The  same  experiment  was  repeated  with  the  riiort 
circuit  No.  2.  I  again  received  a  shock,  but  much  feebler  than 
bcfbfie. 

It  appeared  that  the  ctrctiit  through  which  the  jar  was  discharg- 
ed in  the  last  two  experin*ents,  offered  so  much  resistance  to  the 
passage  ef  the  fluid,  that  at  least  a  portion  of  the  charge  preferred 
the  shorter  route  through  my  body.  In  order  to  determine 
whether  this  resistance  arose  from  the  wire  or  the  interposed 
earth,  the  following  experiments  were  tried. 

Exp.  62.  I  took  a  copper  wire  ^\  of  an  inch  in  diameter  and 
one  hundred  and  twenty  feet  long,  and  arranged  it  round  the 
Philosophical  Hall  so  that  I  could  discharge  a  jar  through  the 
entire  length  or  any  portion  of  it  at  pleasure.  When  I  discharge 
ed  the  jar  through  thirty  feet  of  wire,  I  perceired  not  the  slight- 
est shock,  although  I  held  one  end  of  the  wire  in  my  right  buid, 
and  with  my  left  hand  clasped  the  outside  of  the  jar. 

asoo!n>  Qnam,  Vol  IX,  Na  M.— Jaa,  1S60.  t 
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Exp.  63.  When  forty  feet  of  wire  were  introduced,  the  shock 
would  not  probably  have  been  noticed,  if  it  had  not  been  a  par«> 
tkular  object  of  attention.  >  Wiih  sixty  feet  of  wire  the  shock 
was  so  slight  that  it  might  have  escaped  notice  under  ordinary 
circumstances,  but  when  I  clasped  the  wire  very  firmly  in  my 
hand,  the  shock  was  quite  decided.  With  one  hundred  and 
twenty  feet  of  wire  the  shock  was  felt  in  both  my  wrists  and 
slightly  up  to  my  elbows. 

Exp.  64.  In  order  to  obtain  some  measure  of  the  amoiint  of 
resistance  which  this  current  was  capable  of  overcoming,  I  took 
two  cat-skins  prepared  for  electric  experiments  with  their  fur 
upon  them.  One  of  them  was  lined  with  cotton  cloth,  cotton 
batting  and  silk.  I  doubled  each  of  the  skins  and  laid  them  to- 
gether so  as  to  make  four  layers  of  fur,  the  whole  being  nearly 
an  inch  thick  when  well  compressed.  When  I  dischai^ed  the 
jar  through  the  short  circuit,  as  in  Exp.  61,  my  right  hand  being 
protected  by  four  thicknesses  of  fur,  I  perceived  no  shock. 

Exp.  65.  When  the  jar  was  discharged  through  one  hundred 
and  twenty  feet  of  wire  as  in  Exp.  63,  my  hand  being  protected 
by  four  thicknesses  of  fur,  I  received  a  sensible  shock.  With 
six  thicknesses  of  fnr  I  perceived  no  shock,  except  when  some 
part  of  my  hand  or  wrist  was  allowed  to  come  within  an  inch  of 
the  unprotected  wire,  in  which  case  I  received  a  severe  shock, 
although  I  held  eight  or  more  thicknesses  of  fur  in  my  hand. 

Similar  experiments  were  tried  with  from  one  to  two  hundred 
folds  of  silk  and  with  similar  results. 

The  length  of  wire  employed  in  Exp.  65  was  but  slightly 
greater  than  the  wire  employed  in  Exp.  64 ;  and  was  considera- 
bly less  than  the  entire  circuit  employed  in  that  experiment  includ- 
ing the  earth.  Hence  we  mtist  conclude  that  the  twenty-seven 
feet  of  earth  included  in  the  circuit  of  Exp.  64,  offered  no  appre- 
ciable resistance  to  the  passage  of  the  electric  fluid.  It  is  infer- 
red, therefore,  that  the  resistance  detected  in  Exps.  60  and  61, 
was  due  mainly  if  not  entirely  to  the  length  of  wire  in  the 
circuit. 

It  is  remarkable  that  the  electricity  of  a  single  zinc  plate  should 
traverse  this  long  circuit  so  freely,  while  the  electricity  of  a 
charged  jar  seeks  in  preference  the  circuit  through  the  human 
body,  although  protected  by  a  considerable  thickness  of  the  poor- 
est conductors  known. 

The  following  experiments  were  made  to  determine  the  influ- 
ence of  the  length  of  the  conducting  wire  up6n  the  intensity  of 
the  current. 

Exp.  66.  I  aMached  a  copper  plate  fourteen  inches  by  twenty- 
four  to  the  end  of  the  wire  which  was  immersed  in  the  well. 
I  then  added  six  hundred  and  thirty  feet  more  of  wire,  making 
the  length  of  wire  in  the  circuit  fourteen  hundred  and  fifty  feet, 
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8o  that  the  entire  circuit,  including  the  foiu*  hundred  and  seventy- 
five  feet  of  earth,  was  one  thousand  nine  hundred  and  twenty- 
five  feet.     The  galvanometer  settled  at  69i^. 

Exp.  67.  I  united  the  zinc  wire,  Exp.  No.  68,  instead  of  the 
zinc  plates,  to  the  long  copper  wire,  making  the  length  of  circuit 
the  same  as  in  the  last  experiment;  when  the  galvanometer 
aettled  at  47^^. 

Exp.  68.  I  detached  five  hundred  and  ten  feet  of  wire,  lear* 
iog  the  length  of  wire  in  the  circuit  nine  hundred  and  forty  feet 
When  this  was  cotmected  with  the  zinc  plates,  the  galvanometer 
settled  at  69^^. 

Exp.  69.  I  detached  three  hundred  and  seventy  more  liset  of 
wire,  leaving  the  length  of  wire  in  the  circuit  five  hundred  and 
seventy  feet ;  when  i,he  galvanometer  settled  at  70^. 

Thus  it  appears  that  when  the  length  of  the  circuit  was  doubled, 
the  intensity  of  the  current  was  but  slightly  impaired,  whicb 
fitrors  the  conclusion  that  the  current  thus  generated  might  be 
employed  for  telegraphing  to  eonsiderable  distances.  Mr.  Vail 
succeeded  in  telegraphing  from  Washington  to  Baltimore  with 
such  a  battery.  The  size  of  the  plates  employed  in  his  experi- 
ment was  five  feet  by  two  and  a  half. 

Kxp.  70.  I  substtiiited  the  zinc  wire  for  the  zine  plates  on  the 
same  circuit  as  in  Exp.  69,  when  the  galvanometer  settled 
al48i'>. 

Exp.  71.  I  connected  the  zinc  plates  with  copper  plate  No.  1, 
on  the  short  circuit,  Exp.  No.  2,  when  the  galvanometer  settled 
at72io. 

Exp.  72.  I  substituted  the  zinc  wire  for  the  zinc  plates  on 
the  same  circuit,  when  the  galvanometer  settled  at  48^^. 

The  preceding  experiments  were  all  completed  by  the  25th  of 
Jane,  and  no  further  experiments  were  made  until  September. 

Exp.  73.  On  the  11th  of  September,  I  repeated  Exp.  No.  71, 
when  the  galvanometer  settled  at  71^^. 

Exp.  74.  On  the  3d  of  October,  I  repeated  the  last  experiment^ 
when  the  galvanometer  settled  at  75^. 

Thus  for  nearly  five  months,  a  plate  of  zinc  buried  in  the  earth 
fiimished  a  current  of  electricity  of  an  intensity  well  nigh  con- 
stant. The  entire  range  of  the  galvanometer  needle  was  only 
four  degrees.  These  variatbns  were  ascribed  to  changes  in 
the  moisture  of  the  earth,  as  the  intensity  of  the  current  was 
generally  observed  to  increase  after  a  long  rain.  It  does  not  ap- 
pear however  that  on  the  whole  the  intensity  has  diminished  dur^ 
ing  these  five  months,  and  it  is  remarkable  that  the  last  observa- 
tion was  the  highest  made  during  the  entire  period,  but  the  grouttd 
was  at  this  time  unusually  wet  in  consequence  of  a  recent  rain. 
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Art.  II. — Geohgy  of  Canada. 

From  the  Proceedings  of  the  Asflociation  for  the  Advancement  of  Science,  at 
Cambridge,  August^  1849. 

Mr.  T.  S.  Hunt,  of  the  Geological  Commission  of  Canada^ 
made  an  oral  communication  upon  the  results  of  the  geological 
exploration  of  that  country,  and  showed  by  the  akl  of  a  map,  the 
general  distribution  of  the  formations  and  their  relation  to  the 
rocks  of  New  England.  The  following  is  a  summary  of  hit 
remfivks. 

In  presenting  the  report  made  by  W.  E.  Logan,  Esq.  to  the 
Provincial  government,  embracing  the  results  of  the  survey  of 
1847-8,  I  ^g  leave  to  offer  a  brief  ftketch  of  the  results  which 
have  been  developed  by  himself  and  his  assistants.  The  feature 
which  first  claims  our  attention  in  looking  at  the  geological  struc- 
tare  of  this  country,  is  a  formation  of  syenitic  gneiss,  often  passing 
into  mica  schist,  and  interstratified  with  crystalline  limestone, 
which  forms  a  ridge  of  high  land  extending  from  the  coast  of 
Labrador  along  the  north  side  of  the  St.  Lawrence,  at  a  distanee  of 
from  twelve  to  twenty  miles  from  the  shore,  until  it  crosses  the 
Ottawa,  near  Bytown,  whence  it  is  traced  across  lake  Simcoe 
to  the  shores  of  Lake  Huron,  where  its  northern  limit  is  observed 
near  the  mouth  of  the  French  river,  while  it  again  appears  at  the 
southeastern  extremity  upon  Matchedash  Bay.  R«stinf^  upon 
this  are  a  series  of  rocks  forming  the  whole  north  coast  of  the  lake 
and  numerous  small  islands.  It  is  made  up  of  sandstones,  often 
coarse-grained,  and  sometimes  becoming  conglomerate  from  the 
presence  of  red  jasper  pebbles.  These  beds  are  associated  with 
slates,  and  one  or  more  bands  of  limestone.  The  states  are  green<> 
ish,  atid  highly  ohioritic,  often  containing  epidote;  sometimes 
they  assume  the  character  of  conglomerates,  from  the  presence  of 
pebbles  of  syenite.  The  formation  is  much  cut  by  greenstone 
dykes,  and  exhibits  very  frequently  interstratified  beds  of  green- 
•tone  often  of  great  thickness.  Both  these  and  the  sedimentary 
beds  contain  metalliferous  quartz  veins,  of  which  the  coppor  mines 
of  this  region  are  examples.  Resting  unconformabty  upon  the 
tilted  edges  of  this  formation,  and  in  other  places  directly  upon 
the  southern  limit  of  the  syenitic  gneiss,  appear  the  silurian  rocke, 
identical  with  those  which  are  found  in  New  York,  and  eoirer  ihe 
peninsula  between  Lake  Huron  and  Lake  Ontaria  Beginning 
with  the  rock  designated  in  the  New  York  nomenclature  the 
Potsdam  sandstone,  we  have  upon  the  Manatoulin  blands  and 
the  coast  between  the  Matchedash  Bay  and  Sarnia,  a  complete  ex- 
posure of  those  formations  known  as  the  Trenton  limestone,  Utica 
tlatesi  Loraine  Shales,  Medina  sandstones,  and  the  Niagara  lime^ 
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itoms,  with  the  roeks of  the  Clinton  groQp.  AH  of  ttese  are  weU 
characterized  by  their  respectii^e  fossils,  and  are  spread  out  quite 
yodisturbed  at  a  yery  gentle  dip  of  about  khirty-fiire  feet  in  a  mile. 
The  thickness  of  these  rocks,  as  exhibited  in  a  section  across  the 
Grand  Manitoulin  and  La  Cloehe  Islands,  was  found  to  be  from 
the  base  of  the  Potsdam  sandstone  to  the  top  of  the  Niagara  lim^ 
aionc,  1,273  feet. 

Passing  to  the  east,  we  find  that  the  syenitic  rocks  have  divide- 
ed  near  where  they  cross  the  Ottawa,  and  taking  a  southward 
course,  are  spread  over  a  considerable  extent  of  country  between 
the  Ottawa  and  the  St.  Lawrence.  Crossing  this  river  below 
Kingston,  they  constitute  the  greater  part  of  the  Thousand  IsieA, 
iod  are  extensively  developed  in  the  northern  counties  of  New 
York. 

The  country  thus  bounded  on  the  west  and  north  consists  of  a 
broad  valley  of  twelve  to  twenty  miles  on  the  north,  and  thirty  to 
forty  miles  on  the  sonth  side  of  the  St.  Lawrence,  which  at  its 
southwestern  extreme,  includes  the  valley  of  the  Richelieu  and 
the  northern  part  of  lake  Champlain.  On  the  southeastern  side 
of  this  is  a  mountain  belt  of  from  twenty-five  to  thirty  miles  in 
width ;  this  is  the  prolongatimi  of  the  Green  Mountains  of  Yer* 
moDt,  which  further  north  cotistitute  the  Shickshock  and  Notre 
Dame  moontains  of  Gaspi.  This  mountain  range,  coincideiit 
with  the  course  of  the  river,  is  bounded  at  its  southeastern  base 
by  a  valley  of  gently  undulating  kind,  from  twenty  to  thirty  miles 
in  width,  which  may  be  traced  from  the  upper  part  of  the  Con* 
necticut  river  to  the  upper  portion  of  the  St.  Francis ;  thence  by 
the  eastern  branch  of  the  Chaudiere  to  the  Riviere  de  Famine,  a 
tributary  of  the  Chaudiere,  the  valley  is  continued  in  the  course  of 
the  St.  John's  until  further  on,  it  falls  into  the  valley  of  the  Risti^ 
gouche,  and  is  thence  traced  quite  into  the  Baie  des  Ghaleurs.  The 
general  strike  of  the  rocks  is  coincident  with  the  direction  of  the 
St  Lawrence  and  the  mountain  range,  and  the  same  geological 
formations  appear  continuous  without. 

If  a  line  be  drawn  from  St.  Scholastique,  upon  the  north  shove 
erf*  the  Ottawa,  passing  forty  miles  S.  E.  to  Montreal,  and  thence 
to  Canaan,  on  the  Connecticut  river,  in  the  north  of  Yermoot,  we 
shall  have  a  section  nearly  at  right  angles  to  the  general  coiuve 
of  the  formations.  Commencing  at  the  northwest,  the  first  rock 
which  presents  itself  resting  upon  and  skirting  the  bases  of  the 
hilh  of  the  syenitic  gneiss  and  crystalline  limestone,  is  a  fine 
nodstone,  which  is  seen  on  both  shores  of  the  Ottawa  at  its  mouth, 
constituting  there  a  considerable  island,  and  is  thence  traced  south 
into  the  county  of  Beauhamois,  where  it  spreads  out  to  a  considera- 
ble width,  and  passing  into  the  state  of  New  York,  divides  against 
the  syenitic  formation.  Sweeping  around  its  base,  one  portion 
\  op  the  vaUey  of  the  St.  Lawrence,  and  the  other  is  devel* 
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oped  in  that  of  Lake  Champlain,  where  it  is  recognized  as  the 
Potsdam  sandstone.  To  the  northea^  it  probably  skirts  the  base 
of  the  syetiitic  rocks,  and  has  indeed  been  observed  at  the  Falls 
of  the  St.  Maurice,  but  owing  to  the  great  depth  of  tertiary  deposit 
which  fills  the  valley,  the  opportunities  of  examining  it  are  but 
few.  The  next  rock  upon  the  line  of  section  is  a  limestone,  veiy 
silicious  at  the  base,  but  pure  and  thick-bedded  in  the  middle, 
gradually  becoming  bituminous  and  shaly  toward  the  top.  This 
formation,  exposed  at  a  very  moderate  dip,  constitutes  the  greater 
*  portion  of  the  island  ot  Montreal,  and  crossing  below  to  the  north 
side  of  the  river,  is  lost  beneath  the  tertiary  sands  and  clays.  To 
the  south,  it  sweeps  around  the  extremity  of  a  trongh,  until  it 
leaches  St.  John,  where  either  turning  over  an  anticlinal  or  aSec* 
ted  by  a  dislocation,  it  turns  up  the  west  side  of  the  Richelieu 
and  runs  into  New  York. 

This  formation  is  shown  by  its  fossils  to  be  referabte  in  its  lower 
part  to  the  calciferoiis  sandstone,  while  the  upper  beds  are  the 
Trenton  limestone.  It  contains  interstratified  greenstone  trap, 
sometimes  amygdaloidal,  which  constitntes  the  mountain  of  Mon* 
treat.  Resting  upon  this  limestone  is  a  set  of  black  shales  which 
appear  on  both  shores  of  the  river  before  Montreal,  and  constitute 
some  islands  in  its  bed.  To  the  south,  these  shales,  which  are 
the  Utica  slates,  follow  the  course  of  the  limestone,  keeping  the 
east  shore  of  the  Rictelieu,  and  spreading  out  to  a  eonstder- 
able  breadth,  constitute  the  region  of  country  between  the  mouth 
of  Lake  Champlain  and  Missisquoi  Bay.  To  these  succeed  a 
series  of  shales,  bluish  and  grayish,  arenacious,  and  more  or  less 
calcareous,  which  are  evidently  from  their  fossils  the  Lorairie 
shales.  These  are  seen  upon  the  Richelieu  at  Ghambly,  upon 
the  Yamaska  near  St  Hyacinthe,  and  in  several  other  points 
along  the  line  of  strike.  They  present  a  considerable  breadth| 
and  are  not  improbably  kept  at  the  surface  by  some  little  undula- 
tions.  Succeeding  these,  after  two  or  three  miles,  covered  by 
tertiary  sands,  appears  a  repetition  of  the  Trenton  limestones, 
which  have  been  traced  from  Philipsburg,  upon  the  line  of  Ver- 
mont, through  the  Seigniory  of  St.  Hyacinthe,  to  I>eschaillons, 
where  they  cross  the  St.  Lawrence,  and  are  exposed  again  upon 
the  northern  shore.  These  are  followed  by  a  repetition  of  the 
Utica  slates  and  Loraine  shales,  which  flank  the  limestones  upon 
the  St.  Lawrence,  and  are  exposed  at  various  points  along  the 
strike.  Upon  the  Barbue  river,  in  the  Seigtiiory  of  St.  Hyacinthe, 
occurs  what  appears  to  be  a  sniall  trough  of  higher  rocks,  consist- 
ing of  heavy  greenish  sandstones,  interstratified  with  red  and 
chocolate-colored  slates,  sometimes  mixed  with  green  bands. 
These  red  slates  are  highly  ferruginous,  and  sometimes  contain 
traces  of  oxyd  of  titanium.  Near  the  line  of  Vermont,  appears, 
succeeding  the  Trenton  limestone,  the  extremity  of  a  similar 
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tiough  of  slates  and  ssmdttones,  more  or  lets  catcaieoos^  which  is 
prolooged  into  TermoDt.  In  Yamaska  mountain  a  mass  of  trap 
lies  in  the  line  of  the  St.  Hyaciiithe  sandstones  and  red  slates^ 
and  brings  up  on  its  flanks  similar  sandstones  and  bluish  and 
greenish  slates,  with  a  crystalline  yellow-weathering  limestone. 
The  sandstones  near  the  trap  contain  mica  and  plumbago* 

These  rocks,  however,  are  not  seen  upon  the  line  of  section, 
bat  in  their  strike  occur  the  bluish  and  grayish  calcareous  and 
arenaoeoiiB  shales,  which  are  followed  by  light  greenish  and  ash- 
gray  slates,  interstratified  with  gray  sandstones.  Following  these  ' 
appear  the  red  slates  with  green  bands  and  their  accompanying 
sandstones,  which  are  sometimes  finely  conglomerate  and  more 
or  less  calcareous,  often  containing  mica  and  graf  hite.  These 
are  associated  with  baiKis  of  a  greenish  chloritic  limestone,  hold« 
ing  small  portions  of  oxyd  of  chromium  in  some  form,  and  near 
the  base,  with  one  or  two  beds  of  greyish  limestones.  South  of 
this  section  line,  the  strata  on  each  side  of  this  deposit  converge, 
hot  northwardly  the  breadth  gradually  increases,  and  seems  to 
show  that  these  rocks  form  a  trough  more  or  less  disturbed  by 
undulations.  Following  the  western  side  of  the  trough,  the  slates 
with  their  accompanying  sandstones,  crossing  the  St.  Francis,  are 
seen  at  St  Nicholas  on  the  St.  Lawrence,  and  in  the  rear  of  Point 
Levi  near  Quebec.  On  the  eastern  side,  the  slates  are  followed 
to  Roxton,  where  affected  by  an  undulation,  they  sweep  round 
towards  Shefford  Mountain,  and  thence  are  traced  to  Inverness 
on  the  Becancour,  accompanied  by  the  beds  of  limestone,  already 
mentioned  as  associated  with  them  at  the  base.  Beyond  these,, 
on  the  line  of  section,  are  a  set  of  gray  and  black  clay  slates,  with 
thin-bedded  sandstones  and  limestones,  which  although  present- 
ing no  fossils,  appear  in  their  general  characters  identical  with 
thoee  on  the  other  skie  of  the  trough  and  with  the  fossiliferout 
beds  o(  the  Richelieu  and  Yamaska.  These,  rocks  appear  to  run 
npoQ  an  anticlinal  to  Shefford,  where  an  undulation  has  been 
described  as  carrying  the  sandstones  to  the  east;  thence  upon 
another  anticlinal  across  the  Nicolet,  where  the  dark  slates  and 
limestones  are  traced  aroand  into  a  narrow  anticlinal  valley  which 
urns  parallel  with  the  other  anticlinals,  and  is  contmued  to  the 
province  line  in  the  township  of  Sutton. 

This  double  trough  contains  two  great  masses  of  trap,  which 
constitute  Broome  and  Shefford  mountains,  and  appear  to  have 
distarbed  and  altered  the  rocks  to  a  considerable  extent.  South 
of  these  intrusive  rocks  we  have  first  upon  the  section,  greenish 
and  gray  clay  slates,  followed  by  a  belt  of  silicious  and  calcareous 
rocks,  which  vary  from  a  somewhat  arenaceous  limestone  to  a 
feebly  calcareous  sandstone.  These  are  seen  in  some  places  divi- 
ded into  three  bands  by  the  intervention  of  clay  state,  probably 
by  uodolations,  which  prodnce  repetitions. 
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The  limestoae  is  dolotnitio,  md  is  eut  in  all  directions  by  great 
numbers  of  qnartz  veins ;  it  sometimes  oontains  garnets,  and  is 
associated  with  iron  and  copper  pyrites.  At  the  distance  of  abont 
a  mile  is  another  band  of  limestone  precisely  similar,  and  accom^ 
panied,  like  it,  with  states  and  quartzose  beds,  which  seem  to  be 
altered  sandstones,  and  make  the  first  high  lands  of  the  metuitain 
district  This  ridge,  with  its  two  bands  of  dolomite,  appears  to 
be  synclinal,  and  it  is  traced  about  ten  miles  from  the  prov^ince 
line,  where  it  dies  oat.  Here  another  hill  about  half  a  mile  to 
the  S.  E.,  apparently  an  anticlinal,  takes  up  the  same  measures. 

To  these  succeed  a  aeries  of  more  or  less  quartzose  chloritio 
rocks,  with  an  imperfect  slaty  cleavage.  They  seem  to  be  alter** 
ed  sandstones,  which  upon  their  western  border,  where  the  alter- 
ation has  been  less  profoiHid,  still  present  their  original  stnicture. 
Following  these,  appears  a  band  of  limestone  resembling  the  last, 
and  often  divided  into  two  or  three  belts  by  green  chforitic  or  gray 
talcose  slates,  interstratified  with  beds  of  an  impure  specular  iron 
ore,  more  or  less  mixed  with  chlorite  and  often  titaniferoua  The 
limestones  sometimes  contain  green  and  purplish  talc  and  occa«> 
atonal  crystals  of  chromic  iron ;  they  are  marked  by  the  same 
quartz  veins  as  before.  About  two  miles  farther  on,  a  precisely 
similar  belt  occurs,  and  the  interval  is  filled  with  talcose,  ehloritic 
and  epidotic  slates,  associated  witli  bands  of  magnetic  and  spec- 
ular iron.  The  epidote  forms  little  nodules,  and  is  often  assoda- 
ted  with  quartz ;  mtile  with  specular  iron  is  sometimes  found 
crystallized  in  quartz  veins.  From  this,  extending  to  the  Sutton 
valley,  which  is  the  supposed  prolongation  of  the  anticlinal,  is 
ahoot  a  mile  of  hard  quartzose  rocks  slightly  ehloritic. 

Another  section  is  presented  upon  the  St.  Francis,  which  cuts 
the  rocks  nearly  at  right  angles ;  it  shows  the  dark  colored  slates 
and  limestone  supporting  greenish  siiicious  slates,  folk) wed  by 
a  belt  of  brown- weathering  dolomite,  interstratified  and  accom- 
panied with  purple  sandstones  and  red  slates,  to  which  suceeeds  at 
adistanee  of  about  a  mile,  another  belt  of  limestone,  with  quartzose 
bands.  The  intermediate  rocks  are  sandstones,  and  congtome*- 
rates,  often  almost  pure  quartz ;  southeast  of  the  limestone  are 
seen  two  or  three  miles  of  ehloritic  rocks,  with  nodttles  of  epidote 
and  quartz,  followed  by  a  band  of  dolomitic  limestone,  with^eios 
of  magnetic  and  specular  iron  ore,  and  associated  with  talcose 
state.  To  this  suceeeds  an  extent  of  heavy  quartz  rock,  slightly 
talcose,  and  another  band  of  dolomite  interstratified  with  talcose 
slate,  which  is  followed  by  the  same  fine  greenish  siiicious  slates 
as  were  observed  on  the  western  side.  Beyond  these  are  found 
the  daiic  slates  with  their  thin  limestone  beds,  which,  as  has  been 
already  remarked,  have  been  traced  around  to  the  opposite  anti- 
clinal. The  feet  that  the  dolomites  and  sandstones  within,  are 
traced  aroimd  in  the  same  manner^  and  the  similarity  in  thek 
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Uthologicai  cbaracters,  Aows  that  they  are  on  oppogite  sides 
of  asyncliual. 

On  the  line  of  section,  about  a  mile  beyond  where  the  Sntton 
dolomites  would  cross,  occurs  another  belt  of  dolomite  associated 
with  soapstone  and  green  chromiferous  talc.  In  its  strike  we 
find  in  one  place  a  baiid  of  soapstone  filled  with  bitter-spar,  and 
passing  on  the  northwest  into  a  dolomite  of  the  usual  character, 
while  on  the  southeast  is  a  narrow  band  of  green  serpentine. 
Another  dolomitic  band  occurs  a  little  farther,  associated  with 
green  talc,  serpentine  and  soapstone.  It  has  been  followed  for  a 
considerable  distance,  and  in  one  place  consists  of  soapstone  with 
patches  of  dolomite,  which  in  the  distance  of  about  three  hundred 
yards  on  the  strike,  passes  into  a  band  of  dark  green  serpentine 
with  soapstone.  At  other  places  in  the  strike,  the  soapstone  is 
associated  with  chromic  iron,  and  in  one  place  a  bed  o#magnesite 
with  chromiferous  talc.  These  appear  to  constitute  a  trough,  and 
the  interval  is  filled  with  coarse  quartzose  chloritic  slates,  occa- 
sionally epidotic,  with  imbedded  crystals  of  magnetic  and  specular 
iron  \  mica  and  feldspar  are  iK»t  unfrequently  met  with. 

Following  this,  the  rocks  for  the  next  five  miles  are  coarse 
ehloritic  micaceous  schists,  often  feklspathic,  passing  into  gneiss, 
and  in  some  places,  very  quartzose.  About  three  miles  on  the 
line  of  section,  is  a  band  containing  talc  and  calcareous  spar,  the 
buter  making  a  considerable  portion  of  the  rock,  which  is  stained 
green  with  oxyd  of  chrome.  East  of  this  the  rock  is  more  feld- 
spathic  and  contains  small  crystals  of  tourmaline.  These  meas- 
ures as  they  go  south  expand  into  a  wide  mountain  tract,  the 
summit  of  which,  Sutton  mountain,  is  more  than  four  thousand 
feet  above  the  St.  Lawrence.  A  valley  in  the  line  of  the  chro- 
miferous calcareous  rocks  divides  the  mass  into  two  ridges,  one 
of  which  dies  down  very  soon,  while  the  other  crosses  the  line 
of  section  and  is  lost  a  few  miles  farther  north;  this  region  still 
requires  further  examination,  to  decemune  accurately  the  relations 
of  the  western  portion. 

On  the  eastern  side  of  this  range  occurs  a  belt  of  soapstone  and 
serpentine,  which  has  been  traced  at  intervals  a  distance  of  twen- 
ty miles  along  the  west  borders  of  the  Missisquoi.  On  the  west 
it  is  bounded  by  a  quartzose  chloritic  band,  associated  with  a 
translucent  silicious  rock  of  a  corneous  lustre  and  fracture.  In 
the  strike  of  the  serpentine  further  north,  dolomite  is  found.  On 
the  east  side  of  the  river,  at  the  distance  of  a  mile  and  a  half  from 
the  former,  another  serpentine  band  occurs ;  the  interval  is  filled 
with  slates  and  gray  quartz  rock,  with  some  beds  of  chloritic  and 
epidotic  rocks  and  a  curious  jaspery  quartz  rock  containing  epi-* 
dote.  This  band  of  serpentine  has  been  traced  one  hundred  and 
thirty-five  miles  from  the  province  line  across  the  Chaudi^re,  to 
the  township  of  Cranbourne.    In  some  parts,  it  seems  to  pass  into 
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or  it  associated  with  a  diallage  rock,  and  in  others  to  be  a  mixture 
of  quartz  and  serpentine.  Like  the  western  band,  it  is  accompa- 
nied with  soapstone  and  contains  veins  and  disseminated  grains 
of  ehromic  iron. 

Beyond  this  occnr  clay  slates  with  beds  of  white,  compact 
quartz  of  a  scaly  fracture  and  horny  lustre,  containing  often  im- 
bedded diallage,  hornblende,  pyroxene  or  feldspar ;  sometimes  the 
rook  is  nearly  homogeneous,  but  at  other  times  grains  of  angular, 
transparent  quartz  show  clearly  its  conglomerate  character.  This 
rock  aocompanies  (he  serpentine  throughout,  and  constitutes  a 
range  of  mountain  peaks,  one  of  which,  Orford  Mountain,  is  more 
than  four  thousand  feet  above  the  sea.  Beyond  this  still,  on  the 
tine  of  section  is  a  band  of  impure  dolomite,  which  farther  north 
in  the  strike  is  replaced  by  soapstone,  magnesite,  and  serpentine  ; 
a  similar  band  is  seen  again  after  an  interval  of  a  mile,  filled  with 
gray  slate  and  the  corneous  rock. 

To  these  rocks  follow  gray  fossiliferous  limestones  interstrati-^ 
ied  with  calcareons  slates,  which  form  apparently  two  narrow  par- 
allel troughs,  one  on  each  side  of  lake  Memphremagog.  On  the 
e'^st  side,  at  Oeorgeville,  they  are  followed  by  gray  and  black 
glossy  slates,  and  then  by  talcose  and  chloritic  slates,  often  mica- 
ceous and  associated  with  qnartzose  beds,  and  others  very  talcose ; 
in  the  strike  of  these  upon  the  lake  appears  a  band  of  serpentine, 
followed  hy  fine  silicious  talcose  slates.  From  the  position  of 
these  rocks,  there  appears  evidence  of  a  great  dislocatirra  which 
has  divided  the  fossiliferous  troughs  and  brought  up  the  corneous 
rock  in  a  mountain  mass  on  the  west  side  of  the  lake.  Evidence 
of  an  anticlinal  in  this  line  is  found  in  the  dip  of  the  fossiliferous 
limestones  near  the  qnartzose  rocks  farther  on  in  the  strike.  Be- 
yond these  rocks,  east  of  Georgeville,  highly  crystalline  Umestonra 
appear,  which  however  still  display  fossils  that  admit  of  identifi- 
cation. 

The  remaining  twenty  miles  of  the  section  to  the  Connecticut 
exhibit  these  crystalline  micaceous  limestones,  interstratified  with 
soft  micaceous  slates ;  the  calcareous  beds  predominate  for  a  few 
miles,  but  the  calcareous  matter  finally  gives  place  to  silicious, 
and  the  slates  become  stronger.  Some  of  the  prior  argillaceous 
beds  contain  chiastolite,  and  others  exhibit  hornblende  and  gar- 
nets. The  limestones  are  more  or  less  micaceous,  and  often  very 
crystalline;  some  are  quite  white,  while  others  are  grayish  or 
blackish.  Even  the  most  crystalline  (iresent  on  their  weathered 
surfaces  the  forms  of  encrinal  discs  and  corals;  and  in  several 
the  characteristic  Pavosites  gothlandica^  with  various  species  of 
Cyathophyllum  and  Pontes  are  observed.  At  Dudswell  in  the  line 
of  the  strike,  the  fossiliferous  beds  are  finely  exposed,  and  upon 
the  Riviere  de  Famine,  the  rock,  which  is  here  less  crystalline, 
exhibits,  besides  these  and  other  fossils,  the  Airypa  ajfinis.     The 
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foesiitferous  beds  appear  to  be  near  the  base  of  the  formation. 
The  rocks  of  this  valley,  southeast  of  the  corneous  range,  are 
often  pierced  with  masses  of  a  fine-grained,  beautiful  granite, 
which  forms  lai^e  dykes  and  often  considerable  areas,  displacing 
the  calcareous  formation.  A  range  of  granite-topped  hills  bounds 
the  valley  on  the  southeast,  to  the  sources  of  the  Chaudiere,  and 
constitutes  the  height  of  land. 

The  facts  which  we  have  stated  seem  to  show  that  the  sand« 
stones  and  red  slates  with  their  chromiferous  chloritic  bands,  are 
identical  with  the  dolomitic,  chloritic  and  quart2ose  rocks  of  Sut* 
ton  valley,  and  these  with  the  serpentines  and  quartzose  rocks  at 
the  valley  of  the  Missisquoi ;  so  '*  that  the  whole  of  the  Greeti 
Mountain  rocks,  including  those  containing  the  auriferous  quartz 
veins,  belong  to  the  Hudson  River  group,  with  the  possible  addition 
of  a  part  of  the  Shawangunk  conglomerates."  The  fossiliferons 
rocks  of  the  St.  Francis  valley  are  evidently  Upper  Silurian  and  re* 
ferable  to  the  Niagara  limestones;  a  similar  formation  has  been  met 
with  at  Craspe  and  traced  one  hundred  and  fifty  miles  S.  W. ;  and 
from  the  similarity  of  the  Notre  Dame  to  the  Green  Mountains 
and  the  fact  that  the  Hudson  River  rocks  are  contmuous  along 
the  St.  Lawrence  to  Cape  Rosier,  we  may  conclude  that  the  Up- 
per Silurian  rocks  will  be  found  continuous,  or  nearly  so,  through- 
out They  constitute  the  calcareo-micaceous  formation  of  Prof. 
Adams,  which  he  has  traced  nearly  to  the  southern  line  of  Ver- 
mont. Resting  upon  this  formation  in  Gasp6  is  a  body  of  arena- 
ceous rocks,  seven  thousand  feet  thick,  which  apparently  corres- 
pond to  the  Chemung  and  Pottage  group  of  New  York,  with  the 
old  red  sandstones.  As  this  formation  is  found  extending  quite 
to  the  Mississippi,  it  is  probable  that  it  will  accompany  the  Silu- 
rian rocks  through  New  England  and  surround  the  coal  fields  of 
New  Brunswick,  of  Eastern  Massachusetts  and  Rhode  Island.  To 
this  may  perhaps  be  referred  in  part  the  rocks  of  the  White  Moun- 
tains, which  may  sweep  around  the  Western  border  of  the  Massa- 
chusetts anthracite  formation  until  lost  under  the  super-carbonifer- 
OQS  rocks  of  the  Connecticut  River.  The  limestones  of  Western 
New  England  seem  to  be  no  other  than  the  metamorphic  Tren- 
ton limestones  of  Phillipsburg,  while  the  chlorito-epidotic  rocks 
and  serpentines  of  Sutton  valley  appear  again  in  the  rocks  of 
soatbem  Connecticut  between  these  limestones  and  the  new  red 
sandstone.  With  such  a  key  to  the  structure  of  the  metamorphic 
rocks  of  New  England  and  of  the  great  Appalachian  chain  of 
which  these  form  a  part,  we  may  regard  the  difficulties  that  have 
long  environed  the  subject  as  in  a  great  degree  removed,  and  the 
bold  conjectures  as  to  their  metamorphic  origin  which  have  been 
from  tioae  to  time  put  forth,  fully  vii^licated. 
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90  Ash  AiMfyses.^Prodttci  of aethn  of  Nitric  (icid  on  Woody  FHbre. 
Art.  III. — Ash  Analyses ;  by  Jno.  A.  Porter. 

[Read  before  the  Oiimbridge  Sdentific  Aapodatioii,  Sept  2Y,  1849.] 

The  following  analyses  of  the  ashes  of  hay,  oats  and  the  refuse 
of  the  whiskey  distillation  from  potatoes,  were  intended  as  the 
starting  point  of  an  investigation  which  had  for  its  object  the  con- 
sideration of  the  proportions  and  relations  of  the  salts  contained  in 
the  food,  and  in  the  liquid  and  solid  excrements  of  animals.  This 
investigation  was  interrupted  by  circumstances,  but  as  the  analyses 
have  a  certain  value  independent  of  the  special  object  for  which 
they  were  intended,  they  are  here  made  public.  The  method 
employed  was,  without  material  variation,  that  of  Fresenius  and 
Will,  (see  Fresenius's  quaniitative  analysis).  The  alkalies  were 
determined  by  the  indirect  method,  that  is,  weighed  together  either 
as  sulphates  or  as  chlorids,  and  the  quantity  of  each  calculated 
from  thai  of  the  sulphuric  acid  in  chlorine  found  in  the  mass. 


Fmmo  rafoM. 

O.M. 

H.y. 

SiOa 

2-84 

63-97 

3001 

SO, 

610 

0-49 

2-11 

PO, 

16-78 

1736 

15-43 

CO 

12-27 

0-68 

KO 

385-2 

12-94 

20  80 

NaO 

4-47 

2-02 

1085 

CaO 

519 

300 

8-24 

MgO 

7-33 

708 

4  01 

Fe,0, 

1-50 

060 

183 

NaCl 

4-00 

6  09 

9900  97-45  9905 

The  hay  was  from  the  grass  conmionly  known  as  bluetop. 


Art.  it. — A  Product  of  the  action  of  Nitric  Add  on  Woody 
Fibre;  by  Jno.  A.  Porter. 

[Read  before  the  Cambridge  Scientific  Assodation,  Sept  27»  1849.] 

The  occasion  of  the  investigation,  the  results  of  which  are  here 
given,  was  the  appearance  in  the  AnnalesdeChimie  etde  Physique,* 
of  an  article  by  Prof  Sacc  of  Neufchatel,  Switzerland,  on  the  func- 
tions of  pectic  acid  in  the  vegetable  kingdom.  He  supposes  that 
woody  fibre  is  a  product  of  its  transformation,  and  that  the  retrans- 
formation  of  woody  fibre  into  pectic  acid  takes  place  in  plants, 
under  certain  circumstances.     That  the  latter  transformation  is 

•  Ann.  de  Chim.  et  de  Phys.,  [S],  xzr,  219-2S0. 
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possible  he  conceives  himself  to  have  proved,  by  subjecting  woody 
fibre  to  the  action  of  nitric  acid,  the  product  of  such  action  being  a 
substance  which  he  regards  as  pectic  acid.  From  this  in  connec- 
tioQ  with  other  circumstances,  he  infers  the  probability  of  the 
same  change  under  the  influence  of  certain  agencies  in  the  living 
plant.  The  grounds  presented  by  Prof.  Sacc  for  believing  that 
the  substance  above  mentioned  was  pectic  acid,  are  scarcely  suffix 
cient.  The  object  of  the  present  investigation,  undertaken  at 
the  suggestion  of  Prof.  Liebig,  was  to  decide  this  point. 

Prof,  Sacc's  process  was  repeated,  and  the  reactions  of  the  sub- 
stance obtained  were  compared  with  those  of  the  substance  ac- 
knowledged as  pectic  acid,  obtained  from  turnips.  The  iattef 
was  prepared  according  to  the  method  of  Chodnew.* 

2UU  grammes  shavings  of  white  pine  were  heated  some  hours 
with  2  kilogrammes  nitric  acid  of  commerce  and  4(K)  grammes 
distilled  water,  and  the  white  pasty  mass  that  resulted  washed 
out  with  water,  likewise  distilled.  Prof.  Sacc  found  a  sample  of 
the  mass  thus  obtained,  perfectly  soluble  in  dilute  ammonia,  and 
it  was  this  substance  dried  at  212^  F.  that  he  subjected  to  analy- 
sis. The  mass  obtained  by  myself  was  not  perfectly  soluble  in 
water  containing  ammonia.  A  substance  of  syrupy  consistence 
remained  in  small  quantity  upon  the  filter.  The  whole  quantity 
was  therefore  treated  with  ammonia  and  the  solution  filtered  and 
afterwards  precipitated  by  hydrochloric  acid.  The  precipitate 
was  washed  out,  at  first  with  slightly  acidified  water,  then  with 
pure  water  and  finally  with  alcohol.  After  thoroughly  drying  at 
212^,  this  substance  was  of  a  reddish  gray  color. 

A  difference  in  its  behavior  and  that  of  the  pectic  acid  from 
turnips  is  observable  on  washing  out  with  alcohol — the  latter  be- 
comes fibrous  on  being  pressed  with  the  hand ;  the  former  retains 
its  slimy  consistence. 

The  following  are  the  results  of  the  comparison  of  the  two 
substances  dried  at  212^. 

The  pectic  acid  is  slightly  soluble  in  boiling  water  and  its  solu- 
tion coagulable  by  sugar  or  alcohol.  The  substance  from  wood 
is  on  the  contrary  insoluble  in  water. 

The  pectic  acid  is  easily  soluble  in  alkalies  and  reprecipitable 
by  acids  as  a  perfectly  transparent  jelly.  The  substance  from 
wood  is  difficult  of  solution  in  alkalies,  and  the  precipitate,  at  first 
transparent,  contracts  rapidly  to  white  translucent  flocks.  From 
a  solution  more  strongly  alkaline  it  is  precipitated  as  a  light  white 
powder;  this  was  not  the  case  with  the  pectic  acid. 

The  alkaline  solutions  of  both  substances  are  precipitable  by 
alcohol.  Either  substance  boiled  with  excess  of  potash  loses 
after  a  time  its  property  of  being  precipitated  by  acids. 

9  •  0  ■  '  ■■  ■ 

*  AvoalMk  der  Phurmacie,  li,  S65. 
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The  behavior  of  alkaline  solutions  of  both  substances  toward 
bases  is,  as  far  as  observed,  similar^  The  silver,  lead  and  copper 
salts,  for  instance,  possess  a  similar  appearance. 

Either  substance  treated  with  hydrochloric  acid,  imparts  a  red 
color  to  the  liquid.  Sulphuric  acid  acts  similarly,  at  the  same 
time  blackening  the  substance  and  giving  off  the  color  of  cara- 
mel. With  moderately  dilute  nitric  acid  their  action  is  different. 
The  pectic  acid  is  partially  transformed  into  mucic  acid,  which 
separates  on  cooling  as  a  white  crystalline  powder,  and  is  further 
recognizable  by  its  insolubility  in  alcohol  and  its  difficult  solu- 
bility in  water.  This  action  was  observed  by  Fremy.  Chod- 
new  obtained  no  mucic  acid,  probably  because  too  concentrated 
acid  was  employed.  The  substance  from  wood,  boiled  with  acid 
of  the  same  concentration,  is  gradually  transformed  into  oxalic 
acid ;  the  solution  yields  no  precipitate  on  cooling. 

The  substance  employed  in  the  following  analyses  was  dried 
at  212^,  then  p  ilverized  and  afterward  dried  agaiu  at  212^,  until 
there  was  no  farther  loss  of  weight  It  contained  no  trace  of 
nitrogen. 

Its  per-centage  of  ash  was  determined  in  two  portions. 

I.  0  5390grm.  yielded  ash,  00020  grm.   =00  37  per  cent. 

II.  0-4768     "  "         "      00018     "      =00-38  per  cent. 
Mean,          -          -  .  .  .        00375  per  cent. 

Three  combustions  of  the  substance  were  made  with  cbromate 
of  lead.    The  results  were  as  follows : 

I.  0-6583  grm.  yielded  0-8847,  CO,  and  02925,  HO. 

II.  0-3531     "         "        0-5630,     "        "    0  1892,      « 

III.  0-4602    «         "       0-7256,     "        "    0  2383,     " 

The  composition  in  hundred  parts,  calculated  from  these  anal- 
jrses,  taking  the  ash  into  account,  is  as  follows : 

I.  II.  ni. 

C        .        43-38  4364  .  4316 

H        .  5-84  .  5-97  .  678 

O        .        50-78  .        60-39  .  61-06 

The  formula  0 , ,  H , ,  O ,  ^  expresses  very  accurately  this  com- 
position : 

Mean  of  annlyMt.  Calculated  fW»m  formula. 

C  .        .        43393        .  .        43-44 

H  .        .  5863        .  .  5-88 

O  .  50-744        .  .        50-68 

The  only  grounds  presented  in  Prof.  Sacc's  paper  for  believing 
that  the  substance  analyzed  by  him  was  pectic  acid,  are  its  ap- 
pearance, its  ready  solubility  while  yet  moist  in  ammonia,  and  its 
property  of  being  precipitated  from  this  solution  by  acids.    Its 
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compositioQ  is  not  stich,  for  the  quantity  of  hydrogen  it  contains 
is  much  greater  than  that  fonnd  by  any  investigator  in  the  sub- 
iitance  acknowledged  as  pectic  acid.  The  mean  resnits  of  Chod- 
Dew's  analyses  of  this  acid,  to  which  those  of  Prof.  8acc  most 
nearly  approach,  are  as  follows — for  conrenience  of  comparison, 
Prof  Sacc's  results  are  given  in  the  second  column,  my  own  in 
the  third: 


c 

4222       . 

41-93       . 

43-39 

H 

6-ai       . 

593 

5-86 

0 

52-65 

e!M4 

50-76 

Chadnew's  formula  is  C,,  H^ ,  05,  =  Cj,  H, ,  O, ,. 

Prof.  Sacc's     "       "  C,,H,,0,3. 

The  results  of  my  own  analyses  of  the  substance  from  wood 
differ  from  those  expressed  by  the  latter  formula,  principally  in 
the  larger  amount  of  carbon  found ;  they  differ  also  as  widely 
from  those  obtained  in  any  analysis  of  pectic  acid.  My  further 
reasons  for  believing  that  the  substance  is  not  such,  are,  first,  its 
different  behavior  on  washing  with  alcohol ;  second,  its  insolubil- 
ity in  boiling  water ;  third,  the  form  of  the  precipitate  obtained 
from  a  solution  in  excess  of  alkali ;  and  finally,  the  fact  that  while 
pectic  acid  is  partially  transformed  into  miicic  acid  on  being 
boiled  with  nitric  acid^  this  is  not  the  case  with  the  substance 
under  consideration. 

My  further  conclusion  from  the  investigation  is  that  the  real 
formula  of  the  new  acid  is  C ,  ^  H , ,  0 , 4. 


Art.  V. — On  the  Navicula  Spencerii;  by  Warren  De  la  RtiE. 
(In  a  letter  to  the  Editors,  dated  London,  August  28, 1849.) 

Some  time  since,  my  attention  was  called  to  an  article,  in  your 
Jonmal,  for  March,  1849,  from  the  pen  of  Prof.  J.  W.  Bailey,  enti- 
tled, *'  Some  remarks  on  the  Navicula  Spencerii,  and  on  a  still 
more  difllcult  test  object ;"  as  this  article  contains  some  strictures 
on  the  description*  of  the  markings  on  this  Navicula  observed  by 
Mr.  Marshall  and  myself,  I  trust,  you  will  allow  me  an  opportu- 
nity of  replying  to  Prof.  Bailey,  in  your  valuable  Journal. 

I  avail  myself  of  this  opportunity  to  correct  Mr.  Quekett,  with 
respect  to  the  nature  of  the  markings  observed  by  us ; — he  says, 
"  Mr.  De  la  Rue  has  further  made  out  that  the  dots  are  not  pro- 
jections from  the  surface,  but  are  either  perforations  or  depres- 
sions;"— now  this  is  precisely  the  reverse  of  what  I  wished,  but 
apparently  failed,  to  convey  to  Mr.  Quekett,  in  a  conversation  I 
luid  with  him,  respecting  this  and  some  others  of  the  Navicula- 

*  See  Quekett  on  the  use  of  the  Microeoope,  page  440  and  j^te  iz. 
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eeffi ;  the  markings  of  some  I  hold  to  be  depressions,  but  those  of 
N.  Spencerii  to  be  wart-like  prominences. 

With  this  correction,  I  proceed  to  answer  Prof.  Bailey,  first  pre- 
mising',  that  I  bear  most  willing  testimony  to  the  strong  feeling 
of  justice  and  absence  of  national  prejudice,  which  pervades  all 
the  letters  written  by  that  gentleman  to  my  friend,  Mr.  Marshall, 
whenever  he  speaks  of  the  labors  of  English  opticians;  likewise 
the  absence  of  any  wish  to  eulogize  Mr.  Spencer's  productions, 
at  the  expense  of  others.  It  is  not,  perhaps  now,  an  unfitting 
occasion,  to  state  that  English  microscopists  have,  during  a  long 
period,  been  much  indebted  to  the  kindness  and  zeal  of  Prof. 
Bailey,  furnishing  them,  through  the  medium  of  the  gentlemen 
favored  by  his  correspondence,  with  any  new  objects,  his  inve*- 
iigations  might  have  brought  to  light.  I  mention  this,  in  order  to 
show  that  the  highest  esteem  is  entertained  by  the  English  micro- 
scopist  for  Prof.  Bailey,  and  that  it  is  unlikely  that  he  would  be 
charged  directly  or  indirectly,  "  with  underrating  the  English  mi- 
croscopes," or  with  any  wish  to  "  overrate  the  merits  of  Mr.  Spen- 
cer's, or  the  difficulties  of  N.  Spencerii  as  a  test  object;"  more 
especially  by  those  who  have,  like  myself,  had  an  opportunity  of 
seeing  portions  of  his  correspondence  relating  to  the  subject. 

As  I  hold,  that  the  difficulty  of  the  N.  Spencerii  has  been  un- 
willingly overrated,  if  the  exhibition  of  its  markings,  as  mere  lines, 
be  the  only  test  of  the  powers  of  an  object  glass,  1  should  be 
wanting  in  candor,  if  I  did  not  record  my  opinion. 

Not  having  taken  part  in  the  correspondence  quoted  by  Prof. 
Bailey,  I  do  not,  in  any  way,  hold  myself  answerable  for  the  oppo- 
site impressions,  it  may  tend  to  convey ;  it  is  not  however  a  ques- 
tion, of  what  this  or  that  observer  is  capable  of  showing  with  a 
given  object  glass,  but  what  the  glass  can  really  be  made  to  do. 
With  one  exception,  I  believe  that  none  of  the  object  glasses,  spo- 
ken of  by  Prof.  Bailey's  London  correspondent,  were  incapable  of 
resolving  the  Navicula ;  the  fairness  of  which  reference  I  hope  to 
establish.  The  exception  I  allude  to,  is  Mr.  Marshall's  own  glass, 
which,  on  ccu'eful  examination,  we  found  to  be  defective ;  and, 
in  consequence,  it  was  placed  in  the  hands  of  the  maker. 

I  will  now  as  briefly  as  possible,  state  my  acquaintance  with 
the  N.  Spencerii,  in  order  to  show  that  any  difficulty  in  resolving 
its  markings,  was  not  due  to  the  object  glasses  possessed  by  the 
"  Londoners." 

It  was  only  subsequently  to  the  letter,  dated  2nd  June,  1848, 
quoted  by  Prof  Bailey,  that  I  heard  of  the  Spencerii,  when  Mr. 
Marshall  mentioned  to  me,  that  he  had  received  a  most  difficult 
object  from  America,  which  he  would  be  glad  of  an  opportunity 
of  examitiing  with  me,  as  he  could  make  nothing  of  it ;  an  oppor- 
tunity soon  presented  itself  and  we  miet  at  my  house. 
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The  object  alluded  to,  was  a  slide  of  the  N.  Spencerii  mount^ 
ed  in  balsam,  and  sent  over  to  Mr»  Marshall  by  Prof.  Bailey ;  twa 
rings  marked  with  a  diamond,  indicated  two  objects  to  be  exam- 
ined. The  test  having  been  illuminated  with  oblique  light,  from 
a  lamp  with  and  without  the  use  of  the  mirror,  was  examined 
with  a  Ross's  j'^th  having  only  an  aperture  of  90^ ;  this  object- 
ive had  been  in  my  possession  for  some  years,  and  was  far  infe- 
rior to  those  Ross  was  furnishing,  with  an  aperture  from  115^ 
to  120^  • 

Yery  little  difficulty  was  now  experienced  in  bringing  out  sep* 
arately  both  sets  of  lines  most  distinctly,  by  illuminating  in  two 
different  directions.  We  now  attempted  to  examine  the  object 
with  a  Ross's  Vith,  of  11(P;  but,  owing  to  the  thickness  of  the 
covering-glass,  we  could  not  get  it  on  the  object ;  as  it  was  an 
only  specimen  we  did  not  deem  it  advisable  to  change  th^  cover- 
ing-glass. 

In  consequence,  Mr.  Marshall  undertook  to  write  to  Prof.  Bailey, 
to  request  the  favor  of  a  little  of  the  deposit,  in  order  to  mouni 
fresh  specimens,  both  dry  and  in  balsam ;  the  former  with  the 
view  of  studying  the  nature  of  the  markings  under  the  most  fav- 
orable circumstances. 

I  believe  I  am  right  in  saying  that  the  first  parcel  which  arrived 
was  lost  by  an  accident ;  at  all  events,  it  was  not  until  the  14th 
ef  August,  1848,  that  Mr.  Marshajl  had  prepared  specimens  with 
covering-glass  sufficiently  thin  for  our  large  aperture  Vi ths.  On 
that  day  he  wrote  to  me,  *'  I  have  prepared  two  sides  for  you, 
one  in  balsam  and  the  other  dry,  they  have  been  both  evaporated 
on  the  covering-glass  which  is  exceedingly  thin.  *  *  *  *  I  should 
like  to  go  over  the  slides  I  have  prepared,  and  particularly  the 
dry  mounted  one,  for  the  purpose  of  resolving  it,  if  we  can,  by 
direct  light.  The  Bank  is  so  disturbed  by  the  heavy  omnibuses 
that  your  own  quiet  room  is  the  best  place,  and  if  you  should  be 
disengaged  some  evening,  I  will  go  to  your  house,  taking  with 
me  the  slides  and  two  or  three  others  which  I  have  for  your 
cabinet." 

Previously  to  his  writing  the  above,  we  had  succeeded  in 
rfiowing  the  markings  with  a  large  aperture  ^th  inch  objective  of 
Ross's  make,  having  an  aperture  of  80^.  This  fact  was  com- 
municated verbally  to  the  Microscopical  Society,  on  one  of  the 
ordinary  meetings,  by  Mr.  Marshall. 

Having  again  met  at  my  house,  we  examined  the  dry  and 
balsamed  specimens;  as  we  were  well  acquainted  with  the 
N.  aiigulata,  we  at  once  proceeded  with  the  view  of  ascertaining 

*  Mr.  Ro90,  some  time  back,  stioceeded  in  making  a  twelfUi  with  an  aperture  of 
185^,  IB  which  the  aberrataoDB  were  well  corrected.  It  is  now  in  the  pooooMion  oC 
Dr.LeeeoD. 
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whether  the  N.  Spencerii  had  similar  dot-like  markings ;  to  deter- 
mine this  was  a  matter  of  greater  difficulty  than  to  resolve  them 
into  cross  lines ;  but,  after  working  for  about  an  hour,  the  dry 
specimen  was  most  satisfactorily  resolved;  and  the  dots  exhitH 
ited  on  that  occasion  we  did  not  succeed  so  well  in  showing,  ia 
the  markings  of  the  balsamed  specimen.  Direct  illumination 
was  used  oti  this  occasion,  the  illuminator  being  a  ^th  inch  object 
glass  of  (K)^. 

It  appears  that  Mr.  Marshall  communicated  in  his  letter  of  the 
18th  August,  1849,  quoted  by  Prof.  Bailey,  that  the  dry  specimen 
had  been  resolved  into  dots,  and  that  ere  long,  he  hoped  to  report 
the  resolution  of  the  balsamed  specimen  ;  this  has  been  since  re- 
peatedly accomplished,  but,  whether  recorded  or  not  by  Mr. 
Marshall,  I  cannot  say. 

I  feel  I  am  warranted  in  pronouncing  the  markings  of  the 
Navicula  Spencerii  shown  as  lines,  not  to  have  been  a  dijicuit 
test  for  the  object  glasses  of  the  **  Londoners'^  at  the  time  of  its 
arrival.  It  appears  it  was  so,  however,  for  some  observers,  and 
Prof.  Bailey  drew  from  his  correspondents'  letters  the  very  fair  in- 
ference, that  the  instrument  was  at  fault  and  not  themselves ;  he 
supports,  however,  my  conclusion,  when  he  states  that  the  micro- 
scopes which,  in  the  hands  of  their  possessors,  had  failed  to  show 
the  markings,  readily  resolved  them  in  his. 

With  regard  to  the  measurements  of  the  distance  of  the  tiiark- 
tngs,  fixed  by  Prof.  Bailey  at  values  so  widely  different  from  my 
own,  I  have  to  remark,  that  I  delayed  answering  his  communica- 
tion, in  order  to  repeat  my  measurements  with  every  possible  pre- 
caution. 

Prof.  Bailey  states  the  distances  of  the  markings  to  be  from 
TTAxTith  to  ynvVikTi^h  of  an  inch,  whilst  I  assign  to  them  a 
value  of  from  Tii^Tj^h  to  ^^^i^^th  of  an  inch,  (from  centre 
to  centre  of  the  spots.)  That  the  measurement  given  by  me 
was  not  very  wide  of  the  truth,  I  will  proccicd  to  show,  and  I 
believe  that  Prof.  Bailey,  on  reference  to  his  notes  or  on  repeating 
the  measurement,  will  trace  out  the  cause  of  the  error  he  has 
fallen  into. 

My  previous  measurements  were  made  with  a  niled  microm- 
eter, used  with  a  positive  eye-piece,  the  value  of  whose  divisions 
had  been  rigorously  estimated  by  comparison  with  a  micrometer 
of  T«*jfiith  of  an  inch,  placed  on  the  stage  of  the  microscope.  I 
have  now  repeated  the  estimation  by  a  different,  and  I  believe 
a  preferable,  method  to  that  I  employed  before,  viz.,  by  illumina- 
ting the  object  to  show  alternately  the  markings  as  cross  and 
longitudinal  lines,  and  then  drawing  them,  by  the  aid  of  a  small 
steel  reflector,  shown  at  page  129  of  Mr.  Quekett's  work.  Re- 
taining the  microscope  in  exactly  the  same  position,  I  removed 
the  object,  and  placed  on  the  stc^e  of  the  microscope  first  a  mi- 
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crometer  of  jAi^th  of  an  inch  which  I  sketched  on  the  paper; 
baling  by  comparison  roughly  estimated  the  vahie  of  the  mark-^ 
ings,  I  then  selected  two  sets  of  lines  from  Nobert's  test  slidoi 
according,  as  nearly  as  possible,  with  this  estimate ;  the  lines  of 
the  two  selected  were  the  r^JT^th  and  the  TvvTit^l^  of  an  inch 
spart  from  centre  to  centre,  these  were  set  off  in  the  same  way. 

The  drawing  of  the  markings,  that  of  the  micrometer  of 
TiVvth  of  an  inch,  and  those  of  Nobert's  series,  were  compared 
together  by  taking  a  sufficient  number  of  lines  in  a  pair  of  di- 
riders,  and  the  distance  of  the  markings  thus  ascertained.  This 
operation  was  repeated,  first  with  an  eye-piece,  magnifying  1200 
diameters,  then  with  one  magnifying  1900  diamaeters.  The  dis» 
tances  of  the  cross  markings  from  two  different  sides  of  the  shell, 
estimated  with  the  first  eye-piece,  was  ^jJirTth  and  ^^jlTnith  res- 
pectively, with  the  second  eye-piece,  the  distances  for  the  same 
part  of  the  shell,  were  ^^J^^^th  and  Trnv^th  respectively.  The 
ioogitudinai  markings  in  both  cases  I  found  to  be  7«iirAth  of  aa 
inch.  All  these  values  are  from  centre  to  centre,  and  are  suffix 
eiently  concordant,  amongst  themselves  and  with  those  previously 
given,  to  establish  my  measurements  beyond  doubt.  I'he  differ* 
ence  in  distance  between  the  cross  and  longitudinal  lines,  acoounts 
&r  the  greater  difficulty  oue  experiences  in  resolving  the  latter. 

Measurements  of  the  markings  of  the  hippocampus  gave  the 
following  values:  for  the  distance  of  the  centres  of  tite  cross 
markings  lyixTth  of  an  inch  and  for  the  longitudinal  trTivi^ 
of  an  inch ;  these  were  fully  confirmed  by  comparison  with 
Nobert's  lines  of  ^jj^^th  and  ^^^^ ^th  of  an  inch. 

lu  order  that  others  may  be  able  to  judge  of  the  reliance  to  be 
placed  oil  the  values  here  given,  I  subjoin  the  following  measure- 
ments of  some  of  Nobert's  lines,  and  the  real  valuer  assigned  by 
himself;  these  were  aiade  without  knowing  at  the  time  Nobert's 
values: 

Line$  to  the  inch  {English). 


>e  !•  Km. 

Noh«rt. 

De  1.  Rue. 

Nobert. 

mil 

11261 

32000 

32175 

13043 

13056 

37037 

37637 

15200 

15426 

40816 

40950 

17617 

18163 

43103 

42982 

20454 

20475 

45045 

45016 

23666 

23461 

47468 

47619 

27272 

2b  153 

60000 

60000 

I  would  wish  here  to  record  my  admiration  of  the  skill  of  Mr. 
Nobert,  who  has  ruled  at  my  request  a  series  of  progressive  lines, 
fifteen  in  numl>er,  running  from  11260  lines  to  56300  lines  to  an 
inch,  and  a  separate  band  on  the  same  slide  of  1 12613  lines  to  the 
inch,  besides  other  series  very  useful  to  me  in  comparing  with 
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Navicniacese ;  these  hare  some  of  the  finer  series  crossed  at  angles 
of  90^  and  120^  respectively,  and  afford  a  good  control  of  the 
vahie  of  one's  conclusions  respecting  the  nature  of  their  markings. 
All  the  straight  bands,  with  the  exception  of  the  last,  can  be 
made  out  by  oblique  light  with  my  quarter  of  80^  before  alluded 
to.  The  last  series  of  rr?7T5^h  ^^  ^^  '^^^  I  ^^"  see  to  be  lined, 
on  using  a  y'^th  object  glass  of  110°,  but  up  to  the  present  mo- 
ment, I  have  not  satisfied  myself  that  the  lines  I  see  do  not  com- 
prise two  of  the  real  lines.  It  is,  at  all  events,  worthy  of  experi- 
mental inquiry,  to  ascertain  whether  the  physical  properties  of 
light  do  not  put  a  natural  limit  to  our  resolving  lines  so  close  as 
the  1 77f'„  ,^th  and  the  ^^  ttVu  i^th  of  an  inch,  quoted  by  Prof.  Bailey  ; 
the  celebrated  Fraunhofer  maintained  that  this  was  the  case. 

After  what  I  have  said,  in  the  commencement  of  this  commu- 
nication, it  is  hardly  necessary  for  me  to  state  that  I  quite  agree 
with  Prof  Bailey,  that  the  markings  on  the  Spencerii  are  due  to  the 
allinement  of  prominences;  I  moreover  concur  in  his  views  res- 
pecting the  difficulty  of  deciding  on  the  real  nature  of  the  mark- 
ings, on  objects  so  minute  as  the  Naviculacees.  One  thing  is 
however  quite  certain,  that  a  much  inferior  glass,  provided  it  have 
a  sufficient  angle  of  aperture,  will  suffice  to  show  even  both  sets 
of  lines  at  one  time,  than  that  required  to  bring  them  out  as  dis- 
tinct dots  without  any  blue  or  fuzziness.  Bringing  out  both  sets 
of  lines  at  once  is  to  me  a  well  know  phenomenon  and  quite  dif- 
ferent from  the  exhibition  of  markings  by  the  image  of  a  lumin- 
ous object  brought  to  focus  in  the  plane  of  the  object. 

I  must  not  be  understood  to  affirm  positively  that  Mr.  Spencer's 
glasses  will  not  do  this,  for  I  have  never  had  an  opportunity  of 
examining  one.  On  a  late  occasion  a  recent  objective  of  Spen- 
cer's was  however  tried  in  my  presence  by  the  possessor  on  the 
N.  angulata,  but,  though  very  excellent,  it  did  not  eiiual  our  English 
twelfths.  Judging  from  Mr.  Spencer's  production,  I  feel  assured 
that  he  is  a  man  of  too  much  merit  to  feel  hurt  at  this  criticism. 

As  I  am  unacquainted  with  Mr.  Spencer's  new  test,  1  cannot 
speak  as  to  its  difficulty. 

I  would  recommend*  Natchet's  condensing  prism  to  the  atten- 
tion of  all  microscopists  engaged  in  the  examination  of  lined  ob- 
jects; it  brings  out  the  dot-like  markings  of  the  N.  Spencerii  with 
remarkable  force,  even  in  balsamed  specimens.  It  consists  of  a 
prism,  which,  by  two  internal  reflections  and  the  inclined  convex 
surface  of  its  summit,  condenses  light  at  an  angle  of  35°  on  to 
the  object.  By  mounting  it  in  such  a  way  that  it  may  be  rotated 
as  well  as  brought  to  a  focus,  it  answers  all  the  purpose  of  a 
Legg's  stage. 

*  Mr.  Natchet  is  la  optidMi  retideiit  in  Paris. 
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The  feat  with  the  hand  tube  mentioned  by  Dr.  Bailey  is  snrely 
rather  a  tour  deforce  for  the  observer,  than  for  the  objective  of 
the  "Yankee  Backwoodsman;"  who,  if  report  speaks  truly,  is  a 
highly  educated  American  gentleman,  with  talents  and  acquire- 
ments sufficient  to  remove  any  obstacles  to  the  attainment  of  a 
position  amongst  the  first  opticians  of  his  day. 


Akt.  VL — Caricography ;  by  Prof.  C,  Dewbt. 

(Oontinued  from  voL  viii,  jx  860.) 

No.  241.     C.  bipuli/ormis,  Sartwell,  luptilitia,  Muh.,  var.  polys-- 
tachya,  Schw.  and  Tor.  in  Mon.  Cyp.  Tor.,  No.  132,  p.  420. 

Spicis  staminiferis  1-3  oblongis,  suprema  longo-pedunculata 
sqnanias  lanceolatas  acutas  habente,  inferis  perbrevibus  sessilibus 
subbracteatis:  pistilliferis  3-5  longo-cylindraceis  superne  aggre- 
gatis  subsessilibus,  infima  nunc  subdistante  nunc  remota  exserte 
longo-pednnculata,  folioso-bracteatis  sublaxifloris ;  fructibus  tri- 
stigmaHcis  globoso-ovatis  inflatis  teretibus  scabrostratis  sessilibus 
striatis  glabris  bicornibus,  squama  ovata  cuspidata  plusquam  dupio 
longioribus. 

Culm  ^-3  feet  high,  erect,  large,  smooth  on  its  angles,  with 
k)ng  leafy  bracts  and  with  the  lanceolate  rough-edged  and  reticu- 
late l^ves  surpassing  the  culm;  staminate  spikes  1-3,  cylindric, 
slightly  bracteate,  with  long  lanceolate  scales,  the  upper  spike  2-4 
inches  long  and  pedunculate,  the  lower  short  and  sessile  and 
rarely  androgynous ;  pistillate  spikes  3-5,  cylindric,  2-3  inches 
kmg,  clustered  above  and  nearly  sessile,  erect  or  slightly  diverging, 
the  lowest  often  quite  remote  and  long  exsertly  pedunculate,  all 
with  leafy  bracts  and  the. lower  sheathing;  stigmas  three;  fruit 
globose-ovate,  tapering  into  a  long  and  serrulate  and  two  forked 
beak,  quite  sessile ;  pistillate  scale  ovoto,  cuspidate,  scarcely  half 
as  long  as  the  fruit ;  acbenium  rhomboid  wiih  a  prominent  node 
en  the  angles. 

Differs  from  C  lupulina^  Muh.,  in  its  much  longer  and  more 
onmerous  spikes,  its  globose  ovate  fruit,  closely  sessile,  with  its 
serrulate  beak,  its  ova^  scale,  its  rhomboid  and  twdose  achenitim, 
its  nearly  bractless  staminate  spikes,  its  general  and  glabrous  ap- 
pearance, and  its  coming  to  maturity  near  a  month  later.  It 
seems  not  to  be  C.  gigantea,  Rudge,  which  has  been  consklered 
another  form  rf  C.  luputina.  In  several  respects  the  plant  now 
described  differs  from  these  two  like  C.  Grayiiy  Carey,  from 
C.  itUumescens,  Rudge. 

Found  about  lakes,  ponds  and  marshes  in  the  northern  states 
and  Canada — not  very  common. 
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No.  242.     C.  torta,  Boott.     C.  acuta,  Schk.   Tab.  Ff,  fig.  926. 

Spica  starainifera  iinica,  interdnm  binis,  cylindracea ;  pistilliTe- 
ris  teniis  vel  pluribiis  longo-cylindraceis  sublaxifloris,  basin  par- 
viset  sparsifloris,  apice  substaniiniferis,  snperne  sessilibus,  infenie 
pednncniatis,  divergentibus  vel  recurvatis;  itncuhws  distigmati' 
CIS  ovatis  lUrinque  convexis,  snperne  teretibus  acuminatis  et  inter- 
dtim  recurvatis,  sqnamam  lanceolatam  subobtusam  iuterdum  su- 
perantibns  saepe  subaequantibus. 

Culm  near  two  feet  high,  erect,  rather  slender,  triquetrous, 
scarcely  rough  on  the  edges,  teafy  towards  the  base;  leaves  lan- 
ceolate, smooth  or  soft,  shorter  than  the  culm  ;  lower  bract  long 
as  the  culm,  the  upper  shorter  or  nearly  wanting;  pistillate  spikes 
usually  thiee,  sometimes  four,  long,  slender,  sometimes  enlarging 
upwards,  very  sparse-fruited  towards  the  base  of  lower  spikes, 
recurved  in  maturity,  and  the  lower  pedunculate,  the  up|)er  ses- 
sile; stigmas  two;  fruit  ovate,  convex  on  both  sides,  short  or 
long  tapering  upwards  to  a  point  and  some  recurved ;  pistillate 
scale  lanceolate,  obtusish,  narrower  than  the  fruit,  black  with  a 
green  keel,  sometimes  longer,  but  more  commonly  a  little  shorter 
than  the  fruit ;  culm  and  leaves  light  green. 

Grows  in  wet  places  over  the  United  States.  This  plant  dif- 
fers much  from  the  European  and  American  form  of  C  acuta.  L., 
and  was  properly  described  as  a  distinct  species  by  Dr.  Boott,  the 
distinguished  secretary  of  the  Linnsean  Society.  It  is  probable 
that  Schk.  derived  his  figure,  No.  92  b,  from  American  specimens, 
and  in  his  time  he  might  reasonably  consider  the  plant  to  be  a 
variety  of  C  acuta,  L.     It  is  not  C  acuta  var.  sparsiflora,  D. 


Abt.  VII. — On  the  Nitrates  of  Iron  and  some  other  Nitrates  ; 
by  Joiii4  M.  Ordwat,*  of  the  Roxbury  Laboratory,  Mass. 

Sbs^uinitrate  of  iron  may  be  easily  obtained  in  the  form  of 
cryAtais  by  taking  advantage  of  the  fact,  that  this  salt  is  almost 
insoluble  in  cold  nitric  acid. 

When  metallic  iron  is  gradually  added  to  nitric  acid  of  sp.  gr. 
1*29,  copious  red  fumes  are  given  off,  and  the  liquid  assumes  a 
greenish  hue,  till  nearly  ten  per  cent,  of  iron  has  been  taken  up. 

*  The  author  obeervet  as  follows  in  a  letter  relating  to  his  investigations : — 
Those  who  have  occasion  to  prepare  lic^uid  nitrate  of  iron  in  the  lar;^  way,  are  oftea 
troubled,  in  cold  weather,  by  tne  deposition  of  crystals  before  the  requisite  quantity 
of  iron  has  been  dissolved.  Concerning  the  true  nature  of  these  crystals,  I  have  been 
unable  to  gather  any  definite  information  from  all  the  works  of  chemistry  within  mj 
reach.  Indeed,  respecting  the  compounds  of  nitric  lU^d  and  peroxyd  of  won,  though 
of  some  importance  in  the  arts,  the  oooks  give  but  vague  accounts,  and  tho^  not  alto- 
gether correct  Thus  **  acetate  ferrique**  is  described  in  HocfFer's  Dictionaire  de  Chi- 
mie  et  de  Physique,  as  "  d'un  bnm  rouge,  inerytttUlimbU,  delique&omt,  MlobU  daoa 
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A  farther  addition  changes  the  color  to  a  dark  red,  and  if  the 
action  be  continued  still  longer,  a  rusty  precipitate  forms.  If  we 
stop  short  of  this  last  point,  and  add  to  the  product  its  own  hulk 
of  nitric  acid  of  sp.  gr.  1*43,  an  abundant  crop  of  crystals  will  be 
deposited  on  cooling  below  6U°  P.  The  same  result  may  be  at- 
tained by  evaporating  the  greenish  liquid,  and  adding  acid  enough 
to  insure  a  considerable  excess,  before  setting  the  solution  aside 
to  cool.  If  the  first  crystals  are  brown,  they  may  be  purified  by 
redissolving  in  nitric  acid,  with  the  aid  of  a  gentle  heat,  and  allow- 
ing again  to  crystallize. 

The  crystals  thus  obtained,  have  the  form  of  oblique  rhombic 
prisms,  which  are  either  colorless  or  of  a  delicate  lavender  color, 
but  when  dissolved  in  water,  yield  a  yellowish  brown  solution* 
They  are  somewhat  deliquescent  and  very  soluble  in  water; 
while  at  a  temperature  below  60^  F.,  a  weighed  quantity  was  not 
wholly  taken  up  by  over  twenty  parts  of  nitric  acid  of  sp.  gr.  1  37. 

At  about  117^  P.,  this  salt  melts  into  a  clear,  deep  red  liquid, 
which  in  one  trial  remained  fluid  till  cooled  to  83'^  P.,  when  the 
heat  developed  by  solidification,  quickly  raised  the  thermometer 
to  116*0. 

The  composition  of  this  substapce,  as  indicated  below,  afibrda 
reasons  for  supposing  that  by  its  admixture  with  a  bkarbonate, 
an  intense  cold  might  be  produced.  Such  proved  to  be  the  case, 
for  when  two  ounces  of  the  bruised  crystals  were  stirred  up  with 
one  ounce  of  pulverulent  bicarbonate  of  ammonia,  the  thermom- 
eter introduced  fell  from  58^  to  -5^  P.  Previous  cooling  is  at-* 
tended  with  an  increase  of  effect. 

These  experiments  being  very  tangible,  would  furnish  excel- 
lent illustrations  of  the  principles  of  latent  heat. 

A  small  quantity  of  the  melted  nitrate  kept  hot  for  several 
boars  by  means  of  a  water  bath,  yielded  a  perfectly  dry,  dark 
brown,  deliquescent  powder,  containing  some  water  and  ot)e  half 
the  original  amount  of  acid.  More  acid  may  be  expelled  by  a 
moderate  heat,  but  to  drive  off  the  last  portions,  requires  a  tem- 
penttnre  approaching  to  redness. 

The  well  drained  crystals  afibrded  by  precipitation  with  am- 
monia 19-8  p.  c.  of  peroxyd  of  iron,  and  100  grs.  boiled  with 
carbonate  of  baryta,  gave  a  liquor  which  with  sulphuric  acid 

Fcm  et  dans  FaloooL"  While  Berzeltus  inddent^ j  mentions  that  **  Vauqueiin 
ajaot  hufls^  de  Tadde  nitrique  en  contact  avec  de  la  liattiture  'le  fer,  trouva,  an  YtovA 
de  ptoneorB  mois,  des  erittaiu  incoloresy  qui  affectaient  la  fonne  de  prismes  rectan- 
^olamss  k  qoatre  pans."  Perhaps  the  reetangvlaire  was  a  mistake,  for  in  oeveral 
experiments,  I  hare  obtained  forms  variooslj  modified  hut  all  refemhle  to  the  ob- 
lique rhombic  system.  In  one  huge  crystal  which  hcul  been  many  months  in  formu^, 
the  angles  included  between  the  long  lateral  faces  of  the  prism,  were  found  to  be 
101°  and  7«"  Dcarhr. 

KamcroiB  ezpenmenls  made  with  a  view  to  obtain  more  light  on  the  subject,  hara 
afibrded  some  rerailta  which  may  not  be  altogether  uninteresting,  and  are,  I  trusty 
pwt]^  new  and  singular. 


Digiti 


zed  by  Google 


32  On  the  NUnOes  of  Iran. 

yielded  86*5  gre.  of  sulphate  of  baryta,  indicating  40-104  p.  c.  of 

dry  nitric  acid.  Hence  the  formula  is  probably  Na3Pe  +  18H, 
which  would  give  in  100  parts; — nitric  acid  40096,  peroxyd  of 
iron  19-819,  water  40086. 

Basic  yiitrates — A  hquid  is  used  in  cotton  dyeing,  which  is 
prepared  by  adding  iron  turnings  to  aquafortis  till  the  S(>lution 
assumes  a  very  dark  red  color.  A  fair  sample  of  this  solution,  of 
sp.  gr.  1*478,  was  found  by  analysis  to  contain  five  equivalents  of 
nitric  acid  to  two  equivalents  of  sesquioxyd  of  iron.  A  portion 
of  the  same  placed  in  contact  with  metallic  iron,  remained  clear 
until  nearly  enough  iron  had  been  taken  up  to  form  asesquibasic 

nitrdte,  (N,  2Pe,)  when  a  rasty  precipitate  began  to  appear,  whose 
exact  nature  it  is  difficult  to  determine. 

A  full  sesquibasic  nitrate  was  formed  by  adding  crystals  of  the 
nitrate  to  the  proper  quantity  of  freshly  precipitated  oxyd  of  iron. 
And  proceeding  by  the  same  means,  but  with  slow  and  cautious 
steps,  as  into  an  unknown  region,  I  was  successively  astonished  by 
the  discovery  of  soluble  basic  nitrates  containing  to  three  equiva- 
lents of  acid,  two,  three,  six,  eight,  twelve,  fifteen,  eighteen  and 
twenty-four  equivalents  of  base,  respectively ;  and  then,  from  the 
slowness  with  which  the  union  took  place  in  the  last,  I  supposed 
the  limit  reached.  Yet  this  liquid  was  found  to  bear  the  addition 
of  a  small  quantity  of  lime  water,  without  change. 

On  arriving  at  these  remarkable  results,  the  question  naturally 
came  up,  whether  there  were  any  chances  of  error.  But  on  ex- 
amination, no  foreign  substance  was  detected,  and  the  analyses  of 
the  six,  twelve,  fifteen,  and  twenty-four  basic  compounds,  agreed 
so  nearly  with  the  syntheses  as  to  remove  all  doubts. 

Which  of  these  bodies  have  claims  to  be  regarded  as  true 
atomic  compounds,  there  seems  to  be  no  clue  but  analogy  to  de- 
termine. They  all  form  intensely  deep  red  liquids,  which  are 
not  altered  by  dilution,  nor  by  brisk  boiling,  provided  the  evapo- 
ration be  not  carried  too  far.  By  spontaneous  evaporation  they 
leave  a  very  dark  red  powder,  perfectly  soluble  in  water.  That 
left  by  the  dodecabasic  nitrate,  was  not  deliquescent,  and  lost 
30  p.  c.  of  its  weight  by  ignition.  Hence  its  empirical  composi- 
tion would  be  Nre^+9H. 

When  cotton  cloth  is  dipped  in  any  of  these  solutions,  and 
dried,  the  oxyd  of  iron  becomes  permanently  attached.  Indeed 
the  adhesion  of  the  base  to  cotton  fibre,  renders  filtration  through 
paper  exceedingly  slow. 

Since  spring  and  river  water,  and  the  solutions  of  most  salts, 
are  incompatible  with  the  twenty-four  basic  nitrate,  it  was  found 
necessary  to  use  an  abundance  of  distilled  water  for  washing  the 
oxyd  used  in  its  preparation.     So  intense  was  the  color  of  this 
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liquid  that,  though  eonuiniog  only  3*4  p.  a  of'oxyd  of  iron,  two 
drops  imparted  a  perceptible  tinge  to  a  pint  of  di$tiUed  water. 
In  trying  the  reactimis  of  various  subtances  with  it,  all  the  iron 
appeared  to  be  immediately  thrown  down  by  muriate  of  ammonia, 
cnlocid  of  sodium,  iodid  of  potassium,  chlorate  of  potash,  sul- 
phates of  soda,  lime,  zinc  and  copper,  nitrates  of  potash  and  soda, 
and  the  acetates  of  baryta  and  zinc.  Precipitates  formed  more 
slowly  with  the  nitrates  of  ammonia,  magnesia,  baryta  and  lead. 
Tartrate  of  soda  furnished  a  precipitate  soluble  in  ammonia* 
Perrocyanid  of  potassium  gave  a  dark  peat-brown  precipitate 
without  the  least  tinge  of  blue.  Perrocyanid  of  potassium  gave 
likewise  a  rich  peat-brown  precipitate.  Tincture  of  galls  affordf 
ed  dark  brown  nocks;  and  on  standing  some  time,  the  supernatant 
liquor  turned  black.  Alcohol,  acetate  of  lead,  acetate  of  copper, 
eyanid  of  mercury,  nitrate  of  silver,  and  arsenious  acid  caused  no 
change. 

With  the  tribasic  nitrate,  muriate  of  ammonia,  chlorid  of  sodium 
and  nitrate  of  soda  produced  no  effect ;  while  the  sulphates  threw 
down  all  the  iron,  prussiate  of  potash  struck  a  blue  color,  and 
tincture  of  galls  gave  a  black. 

Niirate  of  Alumina. — ^Nitrate  of  alumina  cr3r8tallize8  item  a 
concentrated  and  somewhat  acid  solution,  in  colorless  oblique 
rhombic  prisms,  whose  height  is  generally  small  in  proportion  to 
their  width.  They  are  deliquescent,  and  very  soluble  both  in 
water  and  in  nitric  acid.  The  crystals,  like  those  of  the  other 
sesquinitrates,  can  be  best  dried  by  spreading  them  on  an  absorb* 
ent  surface,  and  placing  the  whole  under  a  bell  glass,  along  with 
a  shaUow  vessel  containing  sulphuric  acid. 

The  salt  was  found  to  melt  at  163^  F.,  into  a  clear  colorless 
liquid,  which  began  to  crystallize  when  cooled  down  to  147^^, 
the  thermometer  rapidly  rising^  at  the  same  time,  to  102^.  The 
melted  mass  parts  with  its  acid  much  less  rapidly  than  the  nitrate 
of  iron.  One  ounce  of  the  powdered  salt  mixed  with  one-half 
ofmce  of  bicarbQnate  of  ammonia,  lowered  the  thermometer  from 
HO  to -MP  P. 

100  grs.  of  pretty  dry  crystals,  yiekled  by  ignition  13*7  grs.  of 
altimioa.  Distillation  with  sulphuric  acid  gave  42  p.  c.  of  nitric 
acid,  and  by  boiling  with  carbonate  of  baryta,  42*42  p.  c.  was 

separated.  The  numbers  corresponding  to'N,  Al-J-  18H,  would 
be  in  100  parts: — nitric  acid  43-17,  alumina  13  68,  water  43*25. 

Nitrate  of  alumina  appears  to  form  with  the  hydrate,  a  series 
of  salts  similar  to  the  basic  nitrates  of  iron.  But  they  have  not 
as  yet  been  fully  examined. 

Nitrate  of  Chrome. — Nitrate  of  chrome  crystallizes  with  diffi- 
coky  in  warm  weather,  but  I  have  succeeded  in  obtaining  two 
crops,  one  of  them  presenting  the  form  of  the  oblique  rhombic 

Skovd  Snm,  Vol  IX,  Ka  S5.— Jan.,  1S60.  6 
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prism,  and  the  other  a  very  deeply  tnodified  variety  of  the  same. 
These  crystals  have  the  changeable  pnrpJe  color  peculiar  to  the 
salts  of  chrome,  and  their  solution  in  water  is  of  the  same  hue 
while  cold,  but  becomes  green  when  heated 

This  salt  fused  at  about  98^  F.  into  a  deep  green  fluid,  which 
began  to  assume  the  solid  state  when  cooled  to  75^,  the  ther- 
mometer rising  thereupon  to  %^.  If  heated  to  redness,  it  under- 
goes complete  decomposition,  leaving  a  bulky  oxyd  of  a  beauti- 
ful green  color. 

The  composition  of  nitrate  of  chrome  was  foimd  by  analysis 
to  be :  nitric  acid  39*7  p.  c,  oxyd  of  chrome  19  p.  c.     Calculation 

!rom  the  formula  N,  01 4-18 H,  gives:  nitric  acid  40*44,  seaqui- 
oxyd  of  chrome  19-13,  water  40-43. 

No  experiments  have  been  made  on  the  basic  salts. 

Roxbury,  Mass^  Oct  1st,  1849. 


Art.  Tin. — A  description  of  two  additional  Crania  of  the  En* 
ge^ena^  (  Tros^lodytes  gorilla^  Savage,)  from  Qaboon^  Africa; 
by  Jeffries  Wyman,  M.D. 

Read  before  the  Boston  Society  of  Natural  History,  Oct  3d,  1849. 

The  evidence  now  existing  of  a  second  and  gigantic  African 
species  of  man-like  ape,  as  appears  from  published  reports,  con- 
sists of  the  following  remains : — I.  Four  crania  in  the  United 
States,  two  males  and  two  females,  of  a  large  portion  of  a  male 
skeleton,  and  of  the  pelvis  and  of  some  of  the  bones  of  a  female. 
These  were  the  first  remains  of  this  animal  which  had  been 
brought  to  the  notice  of  naturalists,  and  were  described  in  the 
Boston  Journal  of  Natural  History.* — 2.  Three  other  crania  sub- 
sequently discovered  exist  in  England  and  have  been  made  the 
subject  of  an  elaborate  memoir  by  Prof.  Owen,  in  ihe  Transactions 
of  the  Zoological  Society  of  London.f — 3.  Quite  recently,  Dr. 
George  A.  Perkins,  for  many  years  an  able  and  devoted  laborer  in 
the  Missionary  enterprise  at  Cape  Palmas,  W.  Africa,  has  brought 
to  the  United  States,  two  additional  crania,  one  of  which  is  depos- 
ited in  the  Museum  of  this  Society,  and  the  other  in  that  of  the 


♦  See  Proceedings  of  the  Boston  Soc  Nat  Hiat,  Aug.  18,  1847 ;  also  a  dencrip- 
tion  of  characters  and  habits  of  Troglodyti^s  gorilla,  by  Thomas  8.  Savage,  M.D., 
Oorreip.  Merob.  Bost  Soc.  Nat  Hist,  and  of  tlK  Osteology  of  the  same  by  JeAiea 
Wynmn,  M.D.,  Boston  Journ.  Nat  Hist,  Vol.  v,  p.  417.  1847. 

f  Osteological  Contributions  to  the  Natural  History  of  the  Chimpanzees,  {Troglo- 
dytety  GeofEj  including  the  description  of  the  skull  of  a  large  species,  (7!  ffortUa, 
SiaTage,)  discovered  by  Thomas  S.  Savage,  M.D^  in  the  Oaboon  eountry,  Weet  Africa, 
by  ProC  Owen.  F.RJA^  RZ.S..  ^  Read  Feb.  23,  1848.  Traoa.  Zoolctt.  Society  of 
London,  Vol  ui,  p.  881,  1849. 
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Essex  Institute  in  Salem*  Both  of  these  have  been  referred  to 
me  for  the  purposes  of  description,  and  it  is  the  object  of  this  com^ 
muuication  to  notice  the  more  important  anatomical  features  of 
this  the  largest  of  African  duadrumana,  with  regard  to  which 
additional  information  is  desired. 

Cranium  I.  Male. — This  belonged  to  an  adult  Enge-ena,*  as  is 
evident  from  the  fact  that  the  teeth  are  all  perfectly  developed; 
yet  not  to  an  old  one,  as  appears  from  the  circumstances  that  the 
points  of  the  molars  are  but  very  slightly  worn,  and  the  crests  on 
the  top  of  the  head  and  occiput  are  but  imperfectly  formed.  Its 
size  as  well  as  that  of  all  the  other  crania  of  this  species  which 
have  been  measured,  when  compared  with  that  of  T.  niger 
(Chimpanzee)  and  a  well  marked  Negro  head,  may  be  learned 
from  an  inspection  of  the  following  table. 

Table  L— Measvements  of  the  crania  of  T.  gnriUa,  of  2!  niger  and  of  the  cranium 
of  a  oatiTo  African  in  inches  and  tenths.— No&  2,  6,  7  and  8  are  in  inches  and  lines. 


'rrmthidyM 

8  gnrilla.        {     T.  nifsr. 

Man 
I£ 

Mntet. 

PemaWMale 

Female. 

L 

IL 

Hi 

IV. 

V. 

VL 

VII. 

VIIL 

JLewth  of  head  from  ooetpnt  to  ) 
eq^  of  incisive  alyeolus,              \ 

11-2 

11-4 

no 

10-2 

9-10 

9-0 

8-0 

7-9 

9^ 

Greatest  breadth  across  post-audit-  j 

61 

6-10 

6-4 

6-9 

6-2 

5-6 

60 

4-6 

6-4 

orrndges,                                    f 
jSmallest  diameter  behind  orbits, 

5-6 

8-8 

2-9 

.. 

2-5 

2-4 

2-6 

2-8 

8-4 

piameter  of  face  aonoss  z/gomatic 
1    arches, 

[Diameter  of  face  outride  the  middle  [ 
1    oftbeorbtte, 

6-6 

6« 

7*0 

6-4 

5-6 

6-8 

6-0 

4-8 

6-7 

4-9 

6-0 

5-8 

6-7 

48 

4-8 

4-8 

40 

4-9 

iFrom  occiput  to  most  prominent 
1    part  of  supra-orbitar  ndge, 
IProm  snpL  otd.  ridge  to  edge  of  in- 

7-8 

48 

•• 

7-6 
6-7 

6-5 

6-0 

6-6 

61 

6-4 

4-0 

6-8 
4-4 

7-2 
3-6 

dsiTe  alyeoios. 

Breadth  of  zygomatic  fossa, 

1-7 

1-8 

1-9 

1-8 

1-4 

1-6 

1-3 

^'i* 

11 

loter-orbitar  space. 

11 

1-8 

1-2 

11 

10 

M 

0-8 

0-7 

1-2 

1-6 

1-9 

1-8 

1-6 

1-4 

1-6 

1-6 

1-6 

1-6 

iVertical 

1-6 

1-7 

1-6 

1-6 

1-4 

1-7 

1-8 

1-8 

1-8 

licnffth  of  bonj  palate  from  outer 
1    edge  of  incisive  alveolus, 

8-7 

4r\ 

.. 

4-8 

8-4 

8-8 

•• 

1-7 

fFrom  anterior  edge  of   foramep 

1    magDimitooatered^ofincisiye  • 

7-2 

, , 

, , 

7-4 

8-5 

, , 

« . 

, , 

1    alveolus, 

(Crania  L  and  V.  were  the  ones  brought  by  I>r.  Savage  to  this  country — II,  VI, 
VIL  and  VIIL  are  the  crania  described  by  Prut  Owen  -,  IIL  and  IV.  are  the  crama 
whidi  were  obtained  bv  Dr.  Perkins — IX-  the  cranium  of  a  Negro  bom  iu  Africa  in 
vhom  the  characteristics  of  the  race  were  well  marked,  and  which  belongs  to  the 
Oabinet  of  the  Boston  Soc.  for  Med.  Improvement.  See  Catalogue  of  Society's 
Cabinet,  Specimen  No.  61.) 

This  cranium  does  not  agree  with  that  figared  by  Prof.  Owen 
in  his  memoir  (PI*  Ixi.)  in  the  exeiusion  of  the  orbits  from  view 

*  Pro£  Owen  designates  T,  gorilla  as  the  '^  Great  Chunpana^e.*'  The  Mpongwes 
(natives  inhabiting  the  banks  of  the  Gaboon)  call  this  species  the  Eng^-ena,  a  more 
a»irsble  name,  as  the  term  Chimpans^e  has  been  always  associated  with  the  black 
ormaUer  species. 
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by  the  prominent  malar  bones  when  the  sknll  is  seen  in  profile,  but 
as  was  the  case  in  those  discorered  by  Dr.  Savage,  the  nasal  bones 
are  wholly,  and  the  orbit  in  part  brought  into  view.  In  rKMie 
of  them  is  it  more  excluded  than  in  the  first  figures  of  mxt  me* 
moir.  The  great  ridges  above  the  orbits,  which  are  so  widely  de- 
veloped in  T.  ms^^er,  are  still  more  so  in  the  present  species,  and 
in  the  specimen  now  under  consideration  sustain  the  former  state- 
ments with  regard  to  them.  Prof.  Owen  remarks  in  connection 
with  them,  "  the  prominence  of  the  whole  supra-orbitar  ridge 
reaches  its  maximum  in  the  present  species  and  forms  the  meet 
marked  distinction  in  the  comparison  of  its  skull  with  that  of 
man."    (Memoir,  p.  405.) 

fi^utercs.— I  have  shown  in  a  former  commnnication  from  an 
examination  of  several  crania  of  the  Chimpanzee^  that  nearly  all 
tlie  sutures  are  completely  obliterated  early  during  the  adult  pe* 
nod.*  From  a  careful  examination  of  the  six  crania  of  the  Eng^ 
ena  to  which  I  have  had  access,  there  is  every  reason  to  believe  that 
an  early  coosification  takes  place  in  them  also.  In  the  skull  now 
under  consideration,  which  it  is  to  be  remembered,  has  not  long 
passed  the  adult  period,  the  frontal,  the  sagittal,  the  coronal,  the 
squamous  portion  of  the  temporal  sutures,  all  those  in  the  tempo- 
ral fossa  as  well  as  the  transverse  portion  of  the  lambdoidal  are 
no  longer  persistent.  The  crania  which  have  been  examined  by 
Prof.  Owen,  or  some  of  them  at  least,  indicate  an  opposite  state 
of  things.  To  ascertain,  therefore,  the  value  of  cranial  sutures 
as  specific  signs,  it  is  quite  obvious,  that  a  large  number  of  crania 
of  different  ages  mast  be  critically  examined. 

Inter-tnaxtllaries . — These  bones  so  important  as  zoological  in- 
dications are  completely  coossified  with  the  maxillaries  and  with 
each  other.  No  indication  of  a  suture  exists  between  them  and 
the  last  mentioned  bones  either  on  the  external  surface  below  the 
nasal  openings,  or  in  the  roof  of  the  mouth.  I  was  not  able  to 
find  any  indications  of  the  ascending  portion  of  the  intermaxil- 
lary bone  which  articulates  with  the  nasals,  until  led  by  Prof. 
Owen^s  description  to  make  a  nK>re  careful  search.  Although 
externally  there  was  no  mark  which  would  lead  an  anatomist  to 
infer  its  existence,  yet  within  the  nasal  cavity  at  a  short  distance 
from  its  margin,  the  edge  of  the  process  was  easily  detected,  it 
not  having  become  coossified  in  that  region  with  the  adjoining 
bone. 

The  extension  of  the  intermaxillary  upwards  as  far  as  the  ossa 
nasi,  so  as  to  form  the  lateral  walls  of  the  external  nasal  orifice, 
as  was  indicated  in  a  specimen-  of  Chimpanz<^,  exanHiied  by 
Prof.  Owen,  is  still  obvious  in  a  young  skull  of  the  same  species 
in  my  possession,  where  it  reaches  the  nasals  by  a  slender  and 

*  Boston  Journal  of  Natunl  Historj,  April,  184IL 
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poiniad  procen.  Tbe  enlsrgemem  of  this  process  in  the  Eth 
ge-eom,*  so  as  to  form  an  extensive  arrttealation  with  the  nasal 
booes,  itiasnuieb  as  i(  is  a  repetition  of  what  exists  in  the  lower 
qnadnimana  and  nearly  ait  the  mammalia,  most  be  regarded  as  aa 
index  of  degradation. 

0$sa  Nwfi. — Prof.  Owen,  in  his  memoirf  on  the  Enge-ena,  m 
speaking  of  the  sutures  between  the  nasal  maxillary  and  inter- 
autxilkuy  bones,  says,  **  it  is  remarkable  indeed  since  these  sutures 
remain  so  distinct  in  the  adnit  female  sknil  and  the  two  adnlt 
male  skulls,  in  the  Bristol  Museum,  that  no  trace  of  them  shoi^ 
have  been  delected  in  either  of  the  four  skulls  taken  to  America 
by  Dr.  Savage,  in  which  the  ossa  nasi  are  described  as  being 
firaily  coossified  with  eaeh  other  and  the  sinrounding  bones,"  (the 
eoncltiding  words  of  tbe  above  sentence  he  does  not  quote,  viz., 
**bat  their  outline  is  sufficiently  distinct.")  In  the  cranium 
brought  by  Dr.  Perkins,  the  consolidation  of  these  bones  is 
equally  complete  and  their  outline  is  but  indistinctly  traceable. 

In  the  crania  formerly  described,  the  ossa  nasi  form,  on  the 
median  litie,  a  sharp  elevation  or  crest ;  in  the  specimen  figured 
hj  Pto(,  Owen,  (PI.  IxU,)  this  is  represented  by  a  mv>re  rounded 
and  convex  ridge,  ^and  thus  ofibring  a  feature  of  approxiroatioa 
to  the  hfunan  structure  which  is  very  faintly  indicated,  if  at  all, 
io  the  skull  of  the  T.  m^er.^^X  In  the  cranium  now  under  con* 
tidenaion,  when  compared  with  the  PUtte  above  referred  to,  the 
eonvexity  is  still  more  renoarkable,  and  will  bear  a  more  fieivorable 
comparison  with  the  '<  bridge"  of  the  nose  in  some  of  the  human 
laees. 

The  expansion  <}(  the  nasals  above,  where  tliey  are  interposed 
between  the  froritals,  as  described  by  Prof.  Owen,  was  overlook-* 
sd  in  my  former  description,  only  very  faint  indications  of  sutures 
remaining.  On  a  more  careful  examination,  the  outline  of  the 
portion  of  bone  interposed  between  the  orbitar  process  of  the 
(rentals  is  indistinctly  traceable  in  the  male  skull  discovered  by 
Dr.  Savage,  and  in  both  of  the  crania  brought  to  this  country  by 
Dr.  Perkins ;  and  in  all  of  them,  on  a  line  with  the  upper  extrem* 
ity  of  the  aseending  process  of  the  superior  maxillary  bone,  at 
the  point  where  the  nasal  bones  become  the  most  contracted, 
Ibere  exists  an  equally  strong  indication  of  a  transverse  suture, 
which  separates  the  portion  marked  IS'  in  Prof  Oweti's  figure 
from  the  true  nasals,  and  equally  distinct  indications  of  this  suttve 
exist  in  hn  figure  just  referred  to.  Thus  we  have  strong  ground 
for  the  supposition  that  the  part  marked  15^  by  Prof.  O.  may  riot 
be  the  expanded  portion  of  the  nasals  but  an  additional  osseous 
element  intercalated  between  the  frontals.    In  this  event  my  orig-^ 

*  Thk  is  rerj  dlstmctly  shown  in  PL  Izil  of  Pro£  0wen*8  Memoir, 
tOiKdi,]x42a  }Op.«it,(k89S. 
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inal  description  of  the  ossa  nasi,  '^as  haviff^f^  a  more  triangular 
form  than  in  the  Chimpanzee,  the  apex  being  more  acute,"  still 
holds  good.  If,  however,  the  bone  referred  to  prove  to  be  a  por- 
tion of  the  nasals,  we  shall  have  in  this  another  index  of  inferi- 
ority to  the  Chimpanzee,  as  it  is  a  repetition  of  what  is  met  with 
in  the  lower  qiiadmmana. 

Teeth. — The  molars  alone  remain,  the  incisors  and  canines 
having  been  lost.  The  length  of  the  grinding  surface  of  the 
molar  teeth  is  2*9  inches,  the  two  rows  being  nearly  parallel  to 
each  other.  This  is  true  of  the  alveoli,  though  the  crowns 
slightly  diverge  from  each  other  posteriorly  in  consequence  of  an 
inclinatiom  outwards.  Nearly  all  of  the  cusps  of  the  teeth  are 
perfect,  those  of  the  first  molar  being  the  most  worn,  as  would 
naturally  be  expected,  it  being  the  first  which  is  protruded.  1'he 
inner  cusps  of  this  tooth  are  worn  nearly  to  the  base ;  the  outer 
are  but  slightly  abraded,  and  the  same  is  the  case  with  the  inner 
cusps  of  the  second  molar;  with  these  exceptions  the  points  of 
the  difierent  crowns  of  the  molars  and  premolars  are  entire. 

In  comparing  their  grinding  surface  with  that  of  the  human 
jaw,  one  cannot  but  be  struck  with  its  greater  extent,  with  the 
much  greater  development  of  the  outer  row  of  cusps,  and  the 
high  ridge  which  on  all  three  of  the  molars  connects  the  outer 
row  of  cusps  with  the  anterior  inner  cusp.  In  these  respects  as 
well  as  in  having  the  third  molar,  or  the  ^^dens  sapientise,"  of 
equal  size  with  the  others,  the  Enge-ena  recedes  from  the  Chim- 
panzee and  still  farther  from  man. 

In  the  left  up|)er  jaw  and  on  the  level  with  the  lower  extremity 
or  the  pterygoid  process,  a  supernumerary  molar  existed,  still 
buried  in  its  bony  cavity,  the  roots  not  having  as  yet  been  de- 
veloped. In  the  configuration  of  its  grinding  surface  it  did  not 
conform  with  either  of  the  other  teeth. 

Bony  PaUte. — By  reference  to  the  table  of  measurements,  it 
will  be  seen  that  the  space  between  the  incisive  alveoli  and  the 
edge  of  the  hard  palate  is  much  greater  proportionally  than  in 
the  Chimpanzee.  The  median  suture  has  disappeared  and  only 
slight  indications  remain  of  a  former  suture  between  the  maxil- 
laries  and  the  ossa  palati.  The  emargination  on  the  middle  of 
the  edge  of  the  palate  is  much  less  distinct  than  in  either  of  the 
other  specimens  which  I  have  examined,  or  than  in  that  figured 
by  Prof  Owen. 

The  Vomer  has  the  same  thin  and  delicate  structure  as  in  the 
other  crania  and  does  not  meet  the  ossa  palati  at  the  posterior  edge. 

Cranial  capacity. ^^In  studying  the  anatomical  characters  of 
this  and  the  allied  quadrumana  with  reference  to  their  zoological 
position,  nothing  can  be  more  desirable  than  to  have  accurate 
knowledge  with  regard  to  the  structure  and  dimensions  of  the 
brain,  for  this  may  be  regarded  as  one  of  the  most  important  of  all 


Digiti 


zed  by  Google 


/.  Wyman  on  1^  Enge-ena.  39 

the  testa  of  eteiration  or  degradation.  The  bodies  of  the  adult  an- 
thropoid anhnalsso  seldom  fall  into  the  hands  of  the  anatomist^ 
that  it  becomes  extremely  difficult  to  accumulate  observations  on 
the  actual  condition  of  this  organ.  In  the  comperatirie  study  of  hu- 
man crania  with  reference  to  national  peculiarities,  much  light  has 
been  derived  from  accurate  measurements  of  their  internal  capacity. 
These  may  be  readily  obtained  and  form  a  very  important  sab- 
stitote  for  the  actual  dimensions  of  the  brain  itself.  In  the  sub- 
joined tables  I  have  given  the  results  of  the  measurements  of  all 
the  crania  both  of  Eng^nas  and  Chimpanzees  to  which  I  have 
had  access  while  writing  these  remarks,  and  as  they  have  been 
repeated  in  each  case  several  times  over,  they  may  be  regarded  as 
nearly  accnrate.  The  capacity  of  the  third  cranium  is  alone 
doubtful ;  a  portion  of  the  occiput  having  been  destroyed,  render* 
ed  exact  measurement  impracticable,  though  it  is  believed  that 
ttie  result  can  differ  but  little  from  the  truth. 

Table  IL — Cranial  capacity  of  adult  Eng^-enas. 

Cubic  mcbet.  - 

I.  Male  from  Dr.  Perii;ins>  .        .        .    34-5 
II.  Male  from  Dr.  Savage,    .        .         .        28  3 

III.  Male  from  Dr.  Perkins,  .        .        .    28  0? 

IV.  Female  from  Dr.  Savage,         .  250 

Mean  of  the  four  crania,      .        .        .     28-9J 

Table  III — Cranial  capacity  of  adult  Chimpanzees. 

Cubic  inclMf. 

I.  Female, 260 

II.  Female, 240 

IIL  Female, 220 

Mean  capacity  of  three  skulls,  •        24*0 

CraDial  capacity  of  young  Chimpanzees. 

IV.  First  dentition  complete,      .         .        .     20  0 
V.  First  dentition  complete  but  the  sutures 
obliterated  to  a  less  extent  than  in  the 

preceding, 180 

The  above  results  clearly  indicate  that  there  exists  a  wide 
range  in  the  cranial  capacity  of  the  Eoge-enas,  amounting  to  nine 
cubic  inches,  when  both  sexes  are  included  in  the  observation. 
While  it  would  be  desirable  to  have  the  measurements  of  a  much 
larger  number,  we  still  have  evidence  for  concluding,  that  in  the 
Eoge-ena,  as  in  man,*  the  capacity  of  the  cranium  of  the  male  is 

*  "  Altbongh  many  female  brains  exceed  in  weight  paiticnlar  male  brains,  the  gen- 
eral fiM^  is  sdBkiently  shown,  that  the  adult  male  encephabn  is  heavier  than  thai 
of  the  female,  the  average  differeoee  being  from  6  to  6  ox.**  From  the  examination 
of  278  male  brains  and  of  191  females,  *'  an  average  weight  is  deduced  of  49^  os.  for 
fl»  male  and  of  44  oc  for  tiie  fnnale."  Quain  and  Sl^rpey's,  Quain's  Anatomy; 
edited  fay  Joseph  Leidy,  MJ)^  vol  ii,  p.  186.    Philadelphia,  1849. 
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Itrger  than  that  of  the  female ;  the  imallest  iiiri#  shnll  of  tim 
Eiige-ena  roMisuring  twenty-eight  cubic  inches,  and  the  femats 
only  twenty- five  cubic  itiches. 

In  Table  III,  the  three  adults  are  females,  and  it  is  quite 
worthv  of  notice,  that  the  internal  capacity  of  these  diflfere  so 
little  from  that  of  the  female  Etige-ena,  while  at  the  same  tirot 
the  body  «)f  the  Cbimpm^ie  is  so  much  smaller  than  that  of  the 
other  species.  By  comparing  the  measurements  given  of  the  cor* 
responditig  portions  of  the  skeleton  of  the  Eng6-ena  and  Chim<- 
panz^,  it  will  be  seen  that  a  much  wider  difference  exists  hs* 
tween  them,  than  exists  between  the  dimensions  of  their  fespeo^ 
live  brains.* 

It  is  interesting  to  contrast  the  measurements  of  the  cranial 
capacity  of  these  members  of  the  duadrumanous  group  with  that 
of  some  of  the  more  prominent  of  the  human  races.  The  fot-^ 
lowing  table  which  is  extracted  from  the  general  summary  of  the 
measurements  of  a  vast  number  of  crania,  by  Dr.  S.  G.  Mortoti 
of  Philadelphia,  gives  in  cubic  inches  the  average  cranial  capacity 
of  the  different  races  or  groups  there  mentioned.f 

Table  IV. 


RAOBi. 


ThUonie  Race  of  Caucasians. 

Germans, 

English, 

Anglo-Americans, 

Malay  Oboof. 

Malayan  family, 

Polynesian  family, 

AmBiOAN  Group. 
Toltecan  Family, 

Peruvians, 

Mexicans, 

Barbarous  THbee, 

Negbo  Gboup. 

Native  African  FamHj,  . . 

HottewtoU 

Australians^ , 


Now  of 

ikiilli 

moMimd. 


18 
6 

7 

20 
8 


106 

22 
159 

62 
8 

8 


Largett 

capacity. 


114 

106 

97 

97 
84 


101 

92 

104 

99 
88 
88 


'capacity. 


70 
91 
82 

68 
82 


68 
67 
70 

68 

68 
68 


90 
96 
90 

86 
83 


76 
79 
87 

88 
76 
76 


Meaik 


90 


X  86 


These  results  are  derived  from  a  table  which  Dr.  Morton  has 
based  upon  the  actual  measurements  of  over  601)  skulls.  The 
smallest  mean  capacity  is  that  derived  from  the  Hottentots  and 
Australians,  which  equals  only  seventy-five  cubic  inches,  while 
that  of  the  Teutonic  races  amounts  to  ninety  cubic  inches.  The 
maximum  capacity  of  the  Enge-ena,  is  therefore  considerably  less 
than  one  half  of  the  mean  of  the  Hottentots  and  Australians, 
who  give  us  the  minimum  average  for  the  human  races. 

*  See  Table  of  comparatAvo  measurem€ai&  Boston  Jounal  of  Natural  Historj, 
Tol  ▼,  p.  417. 

f  Oalalogue  of  Skulls  of  Man  aod  the  Inferior  animak  in  the  ooUectioo  of  Samud 
George  Morton,  MJ).,  Ac.    8d  edition.    Philadelphia,  1849. 
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Cbahium  H.  Male. — This  cranium  belonged  to  an  individual 
much  older  than  the  one  described  in  the  preceding  pages,  the 
inner  row  of  cusps  of  all  the  molars  having  been  worn  to  their 
bases.  The  same  obliteration  of  the  sutures  had  taken  place,  the 
malar  bones  are  more  tumid,  rendering  the  edge  of  the  lower  and 
outer  part  of  the  orbit  more  rounded.  The  floor  of  the  nasal 
orifice  slopes  gradually  from  the  anterior  extremity  of  the  vomer 
to  the  edge  of  the  incisive  alveoli,  and  presenting  a  groove  on 
the  median  line.  In  man,  the  intermaxillary  bones  form  a  pro- 
jecting ridge  on  the  median  line  both  in  and  below  the  nasal  ori- 
fice and  at  the  middle  of  the  border  of  this  opening  form  the  pro- 
jecting "  nasal  spine,"  which  is  not  met  with  in  any  of  the  lower 
animals,  and  is  therefore  an  anatomiccJ  character  peculiar  to  man. 
With  regard  to  this  conformation  of  the  intermaxillary  bones,  the 
Enge-ena  recedes  farther  from  man  than  the  Chimpanzee.  Two 
infra  orbitar  foramina  exist  on  each  side.  The  crests  are  not  so 
well  developed  as  in  the  cranium  just  described.  The  occiput 
having  been  in  part  destroyed,  the  cavity  of  the  cranium  is  com- 
pletely exposed.  A  groove  for  the  lodgment  of  the  longitudinal 
sinus  is  well  defined ;  ^'  digital  impressions,"  formed  by  the  cere- 
bral convolutions,  exist,  but  not  well  marked,  the  crista  gaUi  is 
merely  rudimentary  and  is  represented  by  a  very  slight  median 
ridge,  the  olfactory  fossa  is  quite  deep,  the  cribriform  plate  being 
on  a  level  with  the  middle  of  the  orbit.  About  five  parallel 
groves  for  the  lodgment  of  the  branches  of  the  dura  matral  ar- 
tery exist  on  each  side. 

Zoological  position  of  the  Engi-ena, 

With  the  knowledge  of  the  anthropoid  animals  of  Asia  and 
Africa  which  now  exist,  derived  from  the  critical  examinations  of 
their  osteology,  their  dentition,  and  the  comparative  size  of  their 
brains  by  various  observers,  especially  Geoflroy,  Tiedenmnn,  Vro- 
lik,  Cuvier,  and  Owen,  it  becomes  quite  easy  to  measure  with  an 
approximation  to  accuracy,  the  hiatus  which  separates  them  from 
the  lowest  of  the  human  race.  The  existence  of  four  hands  in- 
stead of  two,  the  inability  to  stand  erect,  consequent  on  the  struc- 
ture of  a  skeleton  adapted  almost  exclusively  to  an  arboreal  life, 
the  excessive  length  of  the  arms,  the  comparatively  short  and 
permanently  flexed  legs,  the  protruding  face,  the  position  of  the 
occipital  condyles  in  the  posterior  thiitl  of  the  base  of  the  skull 
and  the  consequent  preponderance  of  the  head  forwards,  the 
small  comparative  size  of  the  brain,  the  largely  developed  ca- 
nines, the  interval  between  these  last  and  the  incisors,  the  three 
roots  to  the  bicuspid  teeth,  the  laryngeal  pouches,  the  elongated 
pelvis  and  its  larger  antero-posterior  diameter,  the  flattened  and 
pointed  coccyx,  the  small  glutaei,  the  smaller  size  of  the  lower 
compared  with  the  upper  portion  of  the  vertebral  column,  the 

SEC09D  Skusr,  ToL  IX,  No.  26.~Jan.,  1850.  C 
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long  and  straight  spinous  processes  of  the  neck,  th^se  and  many 
other  subordinate  characters,  are  pecuh'arities  of  the  anthropoid 
animals,  and  constitute  a  wide  gap  between  these  and  the  most 
degraded  of  the  human  races,  so  wide  that  the  greatest  difference 
between  these  last  and  the  noblest  specimen  of  a  Caucasian  is 
inconsiderable  in  comparison. 

Whilst  it  is  thus  easy  to  demonstrate  the  wide  separation  be- 
tween the  anthropoid  and  the  human  races,  to  assign  a  true  posi- 
tion to  the  former  among  themselves  is  a  more  difficult  task.  Mr. 
Owen  in  his  earlier  memoir,  regarded  the  T.  nigerz&  making  the 
nearest  approach  to  man,  but  the  more  recently  discovered  T. 
gorilla,  he  is  now  induced  to  believe  approaches  still  nearer,  and 
regards  it  as  "  the  most  anthropoid  of  the  known  bmtes."*  This 
inference  is  derived  from  the  study  of  crania  alone,  without  any 
reference  to  the  rest  of  ihe  skeleton. 

After  a  careful  examination  of  the  memoir  just  referred  to,  I 
am  forced  to  the  conclusion,  that  the  preponderance  of  evidence 
is  unequivocally  op|K>sed  to  the  opinion  there  recorded ;  and  after 
placing  side  by  side  the  different  anatomical  peculiarities  of  the 
two  species,  there  seems  to  be  no  alternative  but  to  regard  ihe 
Ohimpanzte  as  holding  the  highest  place  in  the  brute  creation. 
The  more  anthropoid  characters  of  the  T.  gorilla  which  are  re- 
referred  to  by  Prof.  O.,  are  ihe  following. 

1.  "  The  coalesced  central  margins  of  the  nasals  are  projected 
forwards,  thus  offering  a  feature  of  approximation  to  the  hu- 
man structure,  which  is  very  faintly  indicated,  if  at  all  in  T. 
m^er."f  This  statement  is  applicable  to  all  the  crania  which  I 
have  seen,  and  especially  to  the  two  crania  described  in  this  pa- 
per. Nevertheless  the  extension  of  the  nasals  between  the  fron- 
tals,  or  the  existence  of  an  additional  osseous  element,  is  a  mark 
of  greater  deviation  from  man. 

2.  "  The  inferior  or  alveolar  part  of  the  premaxillaries,  on  the 
other  hand,  is  shorter  and  less  prominent  \n  T.  gorilla  than  in 
T.  nigeTy  and  in  that  respect  the  larger  species  deviates  less  from 
man."t  The  statement  in  the  first  portion  of  this  sentence  is 
certainly  correct,  but  a  question  may  be  fairly  raised  on  that  in 
the  second.  The  lower  portion  of  the  nasal  opening  in  the  En- 
g^-ena  is  so  much  depressed,  especially  in  the  median  line,  that 
the  intermaxillary  bone  becomes  almost  horizontal,  and  the  slop- 
ing of  the  alveolar  portion  takes  place  so  gradually  that  it  is  difficult 
to  determine  where  the  latter  commences  and  the  nasal  opening 
terminates,  and  in  this  respect  it  deviates  much  farther  from  man 
than  T.  niger. 

3.  '*  The  next  character  which  is  also  a  more  anthropoid  one, 
tfiough  explicable  in  relation  to  the  greater  weight  of  the  skull 

*  Op.  dt.,  voL  iii,  p.  414.  f  P-  S^**  t  V-  3^3. 
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to  be  poised  on  the  aitas,  is  the  greater  promineace  of  the  mas- 
toid processes  in  tlie  T,  gorilla^  which  are  represented  only  by  a 
rough  ridge  in  the  T.  niger.^^* 

4  The  ridge  which  extends  from  the  ecto-pterygoid  along  the 
inner  border  of  the  foramen  ovale,  terminates  in  T.  gorilla  by 
an  angle  or  process  answering  to  that  called  ^^styliform"  or  '^spir 
nous"  in  man,  but  of  which  there  is  no  trace  in  T.  niger/f 

5.  ^*  The  palate  is  narrower  in  proportion  to  the  length  in  the 
T.  gorilla^  but  the  premaxillary  portion  is  relatively  longer  ia 
T.  mger.''X 

These  constitute  the  most  important  if  not  the  only  characters 
given  in  Prof.  Owen's  memoir,  which  would  seem  to  indicate 
that  the  Enge-ena  is  more  anthropoid  than  the  Chimpanzee,  and 
some  of  these  it  is  seen  must  be  received  with  some  qualification. 

If  on  the  other  hand  we  enumerate  those  conditions  in  which 
the  Enge-ena  recedes  farther  from  the  human  type  than  the  Chim- 
patizte,  they  will  be  found  far  more  numerous,  and  by  no  means 
less  important.  The  larger  ridge  over  the  eyes  and  the  crest  on 
the  top  of  the  head  and  occiput,  with  the  corresponding  develop- 
ment of  the  temporal  muscles,  form  the  most  striking  features. 
The  intermaxillary  bones  articulating  with  the  nasals,  as  iji  the 
other  duadrumaiia  and  most  brutes,  the  expanded  portion  of  the 
nasals  between  the  fiontals,— or  an  additional  osseous  element 
if  this  prove  an  indepiendent  bone, — the  vertically  broader  and 
more  arched  zygomata,  contrasting  with  the  more  slender  and 
horizontal  ones  of  the  Chimpanzee,  the  more  quadrate  foramen 
lacerum  of  the  orbit,  (he  less  perfect  infra-orbitar  canal,  the  orbits 
less  distinctly  defined,  the  larger  and  more  tumid  cheek  bones, 
the  more  quadrangular  orifice  with  its  depressed  floor,  the  greater 
length  of  the  ossa  palati,  the  more  widely  expanded  tympanic 
cells,  extending  not  only  to  the  mastoid  process,  but  to  the  squa- 
mous portion  of  the  temporal  bones,  these  would  of  themselves 
be  sufficient  to  counterbalance  all  the  anatomical  characters  stated 
by  Prof.  Owen  in  support  of  the  more  anthropoid  character  of  the 
Enge-ena. 

When,  however,  we  add  to  them  the  more  quadrate  outline  of 
the  upper  jaws,  the  existence  of  much  larger  and  more  deeply 
grooved  canines,  molars  with  cusps  on  the  outer  side  longer  and 
more  sharply  pointed,  the  dentes  sapiential  of  equal  size  with  the 
other  molars,  the  prominent  ridge  between  the  outer  posterior, 
and  the  anterior  inner  cusps,  the  absence  of  a  crista-galli,  a 
cranial  cavity  almost  wholly  behind  the  orbits  of  the  eyes,  the 
less  perfectly  marked  depressions  for  the  cerebral  convolutions, 
and  above  aJI,  the  small  cranial  capacity  in  proportion  to  the  size 
of  the  body,  no  reasonable  ground  for  doubt  remains,  that  the 
Enge-ena  occupies  a  lower  position  and  consequently  recedes  fur- 
ther from  roan  than  the  Chimpanzee. 

♦  Op,  cit,  p.  S94  f  p.  896.  tp.896. 
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It  does  not  appear  that  any  other  bones  of  the  skeleton  have  as 
yet  fallen  into  the  hands  of  any  European  naturalist.  A  descrip- 
tion of  some  of  the  more  important  of  them  will  be  found  in  the 
memoir  above  referred  to  *  in  which  it  will  be  seen  that  there  are 
two  anthropoid  features  of  some  importance,  which  go  to  support 
the  view  advanced  by  Prof.  Owen,  and  these  are  the  comparative 
length  of  the  humerus  and  ulna,  the  former  being  seventeen  and 
the  latter  only  fourteen  inches,  and  in  the  proportions  of  the  pel- 
vis. This  last  is  of  gigantic  size,  and  is  a  little  shorter  in  pro- 
portion to  its  breadth  than  in  T.  niger. 

While  the  proportions  of  the  humerus  and  the  ulna  are  more 
nearly  human  than  in  the  Chimpanzee,  those  of  the  humerus  and 
femur  recede  much  farther  from  the  human  proportions  than  they 
do  in  the  Chimpanzee,  as  will  be  seen  by  the  following  meas- 
urements : 

Humenu.  F«nmr. 

Man,       .        .         .         150        .         .        .         185 
Chimpanzee,    .  10-9         .         .         .         11*0 

Enge-ena,        .         .         17-0        .         .         .         140 

Thus  in  man  the  femur  is  three  inches  longer  than  the  hume- 
rus, in  the  Chimpanzee,  these  bones  are  nearly  of  the  same  length, 
and  in  the  Enge-ena  the  humerus  is  three  inches  longer  than  the 
femur,  indicating  on  the  part  of  the  Enge-ena  a  less  perfect  adapt- 
ation to  locomotion  in  the  erect  position  than  in  the  Chimpanzee. 

Description  of  a  canine  tooth  of  a  male  En- 
ge-ena,— In  only  one  of  the  crania  of  the  male 
Enge-enas  which  I  have  seen  were  the  canines 
remaining ;  and  these  were  so  miKh  abraded 
that  they  had  lost  to  a  great  extent,  their  natural 
outline,  and  consequently  their  most  striking 
and  distinctive  marks.  In  the  females,  as  in 
the  Chimpanzee  and  the  Quadrumana,  gen- 
erally the  canines  are  much  less  elongated 
than  in  the  males.  Among  the  bones  first 
sent  to  this  country  by  Dr.  Savage,  was  the 
canine  tooth  represented  in  the  annexed  fig- 
ure, which  I  was  not  able  to  identify,  until  an 
opportunity  occurred  of  comparing  it  with  Prof. 
Owen's  descriptions  of  more  perfect  teeth. 
The  crown  is  laterally  compressed,  the  poste- 
rior edge  being  trenchant  and  its  base  provided 
with  a  prominent  tubercle,  which  is  doubtless 
rendered  more  conspicuous  by  the  wearing  of 
the  edge  beneath  it.  On  its  inner  surface  the 
crown  is  impressed  with  two  strongly  marked 
grooves,  which  extend  from  the  base  nearly  to  ^'S^'.'Sla-naiSlauL^^ 


*  Boston  Jounial  of  Nat  History,  vol  v,  p.  417. 
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its  apex ;  and  include  between  them  a  prominent  rounded  ridge. 
The  foilowing  table  gives  the  comparative  measurements  of  two 
canines  from  the  upper  jaw  of  the  Enge-ena^  and  one  from  that 
of  the  Chimpanz^.  The  figures  in  the  first  cohimn  relate  to 
the  tooth  described  above  ;  those  in  the  second  and  third  to  the 
measureaients  given  by  Prof.  Owen,*  the  measurements  being  in 
inches  and  lines. 

T.  goriUft.  T.  niger. 


Length,     . 

2-8 

2-8    . 

20 

Length  of  crown, 

1-3J 

1-3     . 

OlOJ 

Breadth  of  base, 

10 

010  . 

07 

Thickness  of  do. 

0-7J 

0-7J  . 

06J 

The  following  note  from  Dr.  G.  A.  Perkins  to  the  author,  dated 
Sriem,  Oct.  15,  1849,  confirms  the  statements  made  by  Dr.  Sav- 
age, in  his  description  of  the  habits  of  the  Enge-ena,  as  to  its  fe- 
rocity and  the  fact  of  its  attacking  human  beings. 

"The  two  crania  were  received  from  a  ])erson  on  board  a  ves- 
sel trading  in  the  Gaboon  and  Danger  Rivers,  W,  Africa.  They 
were  obtained  from  the  natives  on  the  banks  of  the  latter,  by 
whom  they  had  been  preserved  as  trophies.  r>om  the  gentle- 
man who  gave  them  to  nie,  I  learned  that  the  killing  of  one  of 
these  animals  was  by  no  means  a  common  occurrence.  He  de- 
scribes the  animal  as  being  remarkably  ferocious,  even  attacking 
the  natives  when  found  alone  in  the  forests,  and  m  one  instance 
whk;h  fell  under  his  observation,  horribly  mutilating  a  man  who 
was  out  in  the  woods  felling  trees  to  bum.  His  shouts  brought 
to  his  aid  several  other  natives,  who  after  a  severe  contest,  suc- 
ceeded in  killing  the  EJnge-ena.  The  man  was  afterwards  in  the 
babit  of  exhibiting  himself  to  foreigners  who  visited  the  river 
and  of  receiving  charity  from  them." 


Abt.  IX. — Noticeofthe  cranium  of  the  Ne-hoole,  a  new  species  of 
Manatee  (Manatus  nasutus)  from  W,  Africa;  by  Jkffries 
Wyman,  M.D. 

Read  before  the  Boston  Society  of  Natural  History,  Norember  7th,  1849. 

The  species  of  the  genus  Manatus,  Cuv.  which  have  been 
heretofore  generally  recognized,  are  only  two  in  number,  viz., 
1,  M.  Americanus,  Cuv.  and  Desm. ;  Trichechvs  mavatvs,  Linn. ; 
k  grand  Lamantin  des  Antilles^  Buff.  2,  the  M.  Senegalensis, 
G.  Cnvier;  M.  Africanus,  F.  Cuvier;  Trichechus  australis, 
Shaw.f     The  late  Dr.  Richard  Harlan  of  Philadelphia,  has  indi- 

♦  Trans.  Zoolog.  Soc.  London,  vol.  iii,  p.  396. 

t  Fred.  Cuvier.  Hist  Nat.  des  Cetac^es.  Svo.  Paris :  1886.  Also  Cydopedyi 
Anat  and  Phjnology,  Artide  Cetacea.    Lond. :  May,  1886. 
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cated  a  third  species  from  E.  Florida,  to  which  he  has  given  the 
name  of  M.  latikostris.'"^  This  species  is  recognized  by  Lessoa 
and  Fischer,  but  has  been  more  recently  denied,  by  Blainviile, 
who  in  referring  to  it  in  connection  with  two  other  species  of  tb« 
same  group,  (Manatus,  Lamaniin,  Blainville,)  L.  du  tabernacle 
and  L.  de  TOrinoque,  expresses  himself,  '^ne  regardant  nullement 
comme  suffisamment  distinct.''! 

The  existence  of  this  third  species  has  been  within  a  short  time 
conclusively  demonstrated  by  Prof.  Agassiz,  and  the  evidence  on 
which  this  conclusion  rests  will  soon  be  published  in  a  memoir 
on  those  genera  of  Cetaceans  whose  remains  have  been  found 
in  the  United  States. 

In  the  Proceedings  of  the  Boston  Society  of  Natural  History, 
vol.  ii,  p.  198,  is  a  notice  by  Dr.  George  A.  Perkins  of  an  animal 
captured  in  the  Cavalla  River,  W.  Africa,  known  to  the  natives 
as  Ne-hoo-le,  and  which  Dr.  Perkins  referred  to  the  genus  Mana- 
tus.  In  a  note  to  that  communication  I  stated,  that  this  animal 
differed  from  all  known  species  of  Manatee,  both  in  the  vutnber 
of  the  teeth  which  was  for  the  molars  |  $,  and  in  the  absence  of 
nails  an  the  paddles,  as  well  as  in  other  characters  of  subordinate 
value.  In  the  sequel  it  will  be  seen  however  that  the  formula 
for  the  teeth  was  not  correctly  stated.  The  provisional  name  of 
Mofiatus  nasutus  was  given  to  this  supposed  species. 

Quite  recently,  Dr.  Perkins,  on  his  return  from  Cape  Palmas, 
brought  with  him  and  presented  to  the  Boston  Society  of  Natural 
History,  an  imperfect  cranium  of  the  same  species,  the  lower  jaw, 
the  intermaxillary,  nasal  and  temporal  bones  having  been  broken 
off  by  the  natives  as  they  divided  the  carcass  amongst  themselves 
for  food.  A  sufficient  number  of  characteristic  parts,  however, 
remain  to  demonstrate  that  the  species,  as  formerly  suspected,  is 
a  new  one.  In  establishing  the  following  characters,  the  cranium 
in  question  has  been  compared  with  ihatof  the  Manatus  senega- 
lensis,  M  Americanus  and  M.  latirostris:  the  first  belonging 
to  the  Boston  Society  of  Natural  History  and  the  others  to  the 
Academy  of  Natural  Sciences  of  Philadelphia. 

I.  Teeth, — Molars  |  jf  !  J  ;  the  first  and  second  of  the  series 
have  been  dropped  and  their  alveoli  are  partly  filled  up;  the  five 
following  ones  on  each  side,  remain  in  use,  but  the  last  three  still 
remain  in  their  alveolar  cavities,  the  roots  not  having  as  yet  been 
developed.  The  enamel  on  all  the  teeth,  on  those  which  are 
retained  in  their  sockets  as  well  as  on  those  which  are  in  use,  is 
perfectly  smooth.     The  internal  root  of  each  molar  has  a  distinct 


♦  On  a  species  of  Lamantin  resembling  the  M.  senegalensis,  (Cuvier,)  inhabiting  the 
coast  of  E.  Florida.  By  Richard  HarUn,  M.D.  Journal  Acad.  Nat.  Sciences,  Phila- 
delphia. Vol  iii,  p.  390. 

f  Osteographie,  Fascic.  xv.   Genus  Manatus,  p.  123. 
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groove  on  its  inner  surface  and  all  the  roots  are  quite  divergent. 
Hie  transvene  diameters  of  tlie  anterior  and  posterior  ridges  are 
mere  nearly  equal  tlian  in  the  other  species. 

M.  Senegaletisis. — Molars  %  %  ;  tlie  enamel  is  rugous ;  the 
inner  root  is  not  grooved,  ail  of  the  roofs  nearly  vertical,  and 
the  teeth  in  use  not  more  than  four.  M,  latirostris.  Molars 
TV  Ti>  teeth  in  use  four  or  Ave ;  enamel  rugous.  M,  AmtricanuSf 
Molars  W  \\.  Teeth  much  smaller  than  in  the  preceding  spe- 
cies; the  number  in  action  six.  The  crowns  are  higher,  but  the 
inner  root  as  in  M.  nasutus  is  grooved  on  its  internal  surface. 

n.  Palate. — The  median  ridge  is  flattened  on  its  summit 
and  the  palatine  foramina  are  of  variable  sizes ;  the  most  ante- 
rior is  the  largest  and  perforates  the  bone  nearly  vertically  and 
with  rounded  edges.  In  the  At.  latirostris  they  are  all  more 
minute ;  in  the  m.  Senegaiensis  and  A/.  AmericanvSj  the  ante- 
rior are  the  largest,  but  perforate  the  bone  obliquely  and  are  pro- 
tected for  some  distance  after  they  assume  the  horizontal  direction 
by  a  thin  sharp  exige  or  shelf  of  bone.  The  jalatine  foramina 
are  subject  to  so  great  variety  in  most  animals,  that  the  characters 
just  enumerated  must  be  regarded  as  of  doubtful  value  unless  veri- 
fied on  a  large  number  of  crania. 

III.  Malar  bo7ies. — These  are  readily  distinguished  from  the 
corresponding  bones  of  all  the  other  species  in  being  very  broad 
in  their  zygomatic  portion,  measuring  nearly  an  inch  in  breadth 
at  their  free  extremity.  In  M.  Senegaiensis^  the  zygomatic 
portion  is  slender,  style-shaped,  and  terminated  by  a  knob.  This 
is  also  the  case  in  M.  Americanus  and  latirostriSy  except  that  in 
the  last  the  part  in  question  has  no  enlargement  at  its  end,  is  a 
little  broader  than  in  the  preceding,  but  forms  a  much  closer  union 
with  the  zygomatic  portion  of  the  temporal  bone,  approaching  a 
satnre  of  the  kind  called  ''harmonia." 

IF.  Frontal  region. — In  this  as  well  as  in  M,  Americanus  the 

frontal  region  is  quite  narrow,  but  in  the  latter  it  is  rounded, 

**  bombee,"  while  in  the  former  it  is  depressed.     The  forehead 

of  the  M,  latirostris  and  Senegaiensis  is  proportionally  much 

*  broader. 

V.  Occipital  foramen. — In  all  the  species  this  foramen  is  more 
or  less  triangular,  the  angles  being  rounded ;  but  hi  M,  America- 
nus^ Senegaiensis^  and  latirostris  the  apex  is  directed  downwards, 
while  in  that  from  the  Cavalla  river  it  is  directed  upwards. 

The  number  of  known  species  of  the  genus  Manatus  now 
amounts  to  four,  two  from  Africa,  viz.  :  M.  Senegaiensis  and 
M.  nasutus,  and  two  from  the  New  World,  viz. :  M.  Americanus 
and  M.  latirostris. 
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Art.  X. — On  Denudation  in  the  Pacific;  by  James  D.  "Dksa^ 

The  fallowing  pages  are  extracted  from  different  chapters  in 
the  Oeological  Report  of  tba  Exploring  Expedition  under  Capt. 
Wilkes* 

The  valleys  of  the  Pacific  Islands  have  lisnally  a  course  from 
the  interior  of  the  island  towards  the  shores;  or  when  the  island 
consists  of  two  or  more  distinct  summits  or  heights  (like  Maui) 
they  extend  nearly  radiately  from  the  centre  of  each  division  of 
the  island.     They  are  of  three  kinds : 

I.  A  narrow  gorge,  with  barely  a  pathway  for  a  streamlet  at 
bottom,  the  enclosing  sides  diverging  upward  at  an  angle  of  thirty 
to  sixty  degrees.  Such  valleys  have  a  rapid  descent,  and  are 
bounded  by  declivities  from  one  hundred  to  two  thousand  feet  or 
more  in  elevation,  which  are  covered  with  vegetation,  though 
striped  nearly  horizontally  by  parallel  lines  of  black  rock.  There 
are  frequent  cascades  alotig  their  course ;  and  at  head,  they  often 
abut  against  the  sides  of  the  central  inaccessible  heights  of  the 
island.  The  streamlet  has  frequently  its  source  in  one  or  more 
thready  cascades  that  make  an  unbroken  descent  of  one  or  two 
thousand  feet  down  the  precipitous  yet  verdant  walls  of  the  am- 
phitheatre around. 

II.  A  narrow  gorge,  having  the  walls  vertical  or  nearly  so,  and 
a  flat  strip  of  land  at  bottom  more  or  less  uneven,  with  a  stream- 
let sporting  along,  first  on  this  side,  and  then  on  that,  now  in  rap- 
ids, and  now  with  smoother  and  deeper  waters.  The  walls  may 
be  from  one  hundred  to  one  thousand  feet  or  more  in  height ;  they 
are  richly  overgrown,  yet  the  rocks  are  often  exposed,  though 
every  where  more  than  half  concealed  by  the  green  drapery. 

These  gorges  vary  in  character  according  to  their  position  on 
the  island.  Where  they  cut  through  the  lower  plains,  (as  the 
dividing  plain  of  Oahu,)  they  are  deep  channels  with  a  somewhat 
even  character  to  the  nearly  vertical  walls,  and  an  open  riband  of 
land  at  bottom.  The  depth  is  from  one  to  three  hundred  feet,  and 
the  breadth  as  many  yards.  Farther  towards  the  interior,  where  ''^ 
the  mountain  slopes  and  vegetation  have  begun,  the  walls  are 
deeply  fluted  or  furrowed,  the  verdure  is  more  varied  and  abund- 
ant, and  cascades  are  numerous. 

This  second  kind  of  gorge,  still  farther  towards  the  interior, 
changes  in  character,  and  becomes  a  gorge  of  the  first  kind,  nar- 
rowing at  bottom  to  a  torrent's  course,  along  which  are  occasional 
precipices  which  only  a  torrent  could  descend. 

♦  U.  S.  Exploring  Expedition  during  the  years  1888-1842,  under  the  conmuuid 
of  C.  W1LKE8,  U.  S.  N.— Geology  by  James  D.  Dana,  A.M.,  (icologiat  of  the  Expedi* 
tion.    750  pp.  4to,  with  a  folio  Atlas  of  21  plates  of  fossils.     Philadelphia:  1849. 
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m.  Valleys  of  the  ikbrd  kind  have  an  extensive  plain  at  bottom 
quite  unlike  the  strip  of  land  jnst  described.  They  sometimes 
abut  at  head  against  vertical  walls,  but  oftener  terminate  in  a 
wide  break  in  the  mountains. 

The  ridges  of  land  which  intervene  between  the  valleys,  have 
aflat  or  barely  undnlated  surface,  where  these  valleys  intersect 
the  lower  plains  or  slopes ;  but  in  the  mountains,  they  are  narrow 
at  top,  and  sometimes  scarcely  passable  along  their  knife-edge 
summits.  Some  of  them  as  they  extend  inward,  become  more 
and  more  narrow,  and  terminate  in  a  thin  wall,  which  runs  up 
to  the  central  peaks.  Others  stop  short  of  these  central  peaks, 
and  the  valleys  either  side  consequently  coalesce  at  their  head, 
or  are  separated  only  by  a  low  wall,  into  which  the  before  lofty 
ridge  had  dwindled.  The  crest  is  often  jagged,  or  rises  in  sharp 
serratures. 

The  main  valleys,  which  we  have  more  particularly  alluded  to 
above,  have  their  subordinate  branches;  and  so  the  ridges  in  ne- 
cessary correspondence,  have  their  subordinate  spurs. 

As  examples  of  the  valleys  and  ridges  here  described,  we  intro* 
duce  a  brief  account  of  an  excursion  in  the  Hanapepe  valley  on 
Kauai,  one  of  the  Hawaiian  Islands,  and  a  second  up  the  moun- 
tains of  Tahiti. 

Uarutpepe  VaUey^  Kauai, — We  reached  its  enclosing  walls, 
about  four  miles  from  the  sea,  where  the  sloping  plain  of  the 
coast  was  just  losing  its  smooth,  undulating  surface,  and  changing 
into  the  broken  and  wooded  declivities  of  the  interior.  The  val- 
ley, which  had  been  a  channel  through  the  grassy  plain,  a  few 
himdred  feet  in  depth,  was  becoming  a  narrow  defile  through  the 
mountains.  A  strip  of  land  lay  below,  between  the  rocky  walls, 
covered  with  deep-green  garden-like  patches  of  taro,  through 
which  a  small  stream  was  hastening  on  to  tlie  sea. 

We  found  a  place  of  descent,  and  three  hundred  feet  down, 
reached  the  banks  of  the  stream,  along  which  we  pursued  otir 
course.  The  mountains,  as  we  proceeded,  closed  rapidly  upon 
ns,  and  we  were  soon  in  a  narrow  gorge,  between  walls  one  thou- 
sand feet  in  height,  and  with  a  mere  line  of  sky  over  head.  The 
stream  dashed  along  by  us,  now  on  this  side  of  the  green  strip  of 
land,  and  then  on  that ;  occasionally  compelling  us  to  climb  np, 
and  cling  among  the  crevices  of  the  walls  to  avoid  its  waters, 
where  too  deep  or  rapid  to  be  conveniently  forded.  Its  bed  was 
often  rocky,  but  there  was  no  slope  of  debris  at  the  base  of  the 
walls  on  either  side,  and  for  the  greater  part  of  the  distance  it  was 
bordered  by  plantations  of  taro.  The  style  of  mountain  archi- 
tecture, observed  on  the  island  of  Oahu,  was  exhibited  in  this 
shaded  defile  on  a  still  grander  scale.  The  mural  surfaces  en- 
dosing  it  had  been  wrought,  in  some  places,  into  a  series  of  semi- 
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oircolar  alcoves  or  recesses,  which  extended  to  the  distant  sum- 
Qiits  over  head :  more  coramonly^,  the  walls  were  formed  of  a 
series  o(  semicircular  columns  of  vast  sixe,  collected  together  like 
the  clustered  shafts  of  a  Gothic  structure,  and  terminating  sev- 
eral  hundred  feet  above,  in  low  conical  summits.  Although  the 
sides  were  erect  or  nearly  so,  there  was  a  profuse  decoration  of 
vines  and  flowers,  ferns,  and  shrubbery ;  and  where  more  inclined, 
forests  covered  densely  the  slopes. 

These  peculiar  architectural  features  proceed  from  the  wear  of 
rills  of  waters,  streaming  down  the  bold  sides  of  the  gorge ;  they 
channel  the  surface,  leaving  the  intermediate  parts  pn»minent. 
The  rock  is  uniformly  stratified,  and  the  layers  consist  of  gray 
basalt  or  basaltic  lava,  alternating  with  basaltic  conglomerate. 

Cascades  were  frequently  met  with ;  at  one  place,  a  dozen 
were  playing  around  us  at  ihe  same  time,  pouring  down  the  high 
walls,  appearing  and  disappearing,  at  intervals,  amid  the  foliage, 
some  in  white  foamy  threads,  and  others  in  narted  strands  im- 
perfectly concealing  the  black  surface  of  rock  beneath. 

A  rough  ramble  of  four  miles  brought  us  to  the  falls  of  the 
Hanapepe.  The  precipice,  sweeping  around  with  a  curve,  ab- 
niptly  closed  the  defile,  and  all  farther  progress  was  therefore 
intercepted.  We  were  in  an  amphitheatre  of  surpassing  grandeur, 
to  which  the  long  defile,  with  its  fluted  or  Gothic  walls,  decorated 
with  leaves  and  flowers  and  living  cascades,  seemed  a  fit  porch 
or  entrance-way.  I^he  sides  around  were  lofty,  and  the  profuse 
vegetation  was  almost  as  varied  in  its  tints  of  green  as  in  its 
forms.  On  the  left  stood  apart  from  ihe  walls  an  inclined  colum- 
nar peak  or  leaning  tower,  overhanging  the  valley.  Its  abrupt 
sides  were  bare,  excepting  some  tufts  of  ferns  and  mosses,  while 
the  top  was  crowned  with  a  clump  of  bushes.  To  complete  the 
decorations  of  the  place, — from  a  gorge  on  the  right,  in  the  ver- 
dant mountains  above,  where  the  basaltic  rocks  stood  out  in 
curved  ascending  columns  on  either  side,  as  if  about  to  meet  in  a 
Gothic  arch,  a  stream  leaped  the  precipice  and  fell  in  dripping 
foam  to  the  depths  below ;  where,  gathering  its  strength  again, 
it  went  on  its  shaded  way  down  the  gorge. 

The  mountains  of  Tahiti  commence  their  slopes  from  the 
sea  or  a  narrow  sea-shore  plain,  and  gradually  rise  on  all  sides 
towards  the  central  peaks,  the  ridges  of  the  north  and  west  ter- 
mioatiTig  in  the  towering  summits  of  Oroheiia  and  Aorai,  while 
the  eastern  and  southern,  though  reaching  towards  the  same 
peaks,  are  partly  itUercepted  by  the  valley  of  Pa|)enoo.  Aorai  is 
seven  thousand  feet  in  height  and  Orohena  not  less  than  eight 
thousand  feet. 

We  commenced  the  ascent  of  Mount  Aorai  by  the  ridge  on  the 
west  side  of  the  Matavai  Valley,  and,  by  the  skillfulness  of  our 
guide,  were  generally,  able  to  keep  the  elevated  parts  of  the  ridge 
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without  descending  into  the  deep  valleys  which  bordered  our 
path.  An  occasional  descent,  and  a  climb  on  the  opposite  side  of 
the  valley  were  undertaken  ;  and  although  the  sides  were  nearly 
perpendicular,  it  was  accomplished,  without  much  difficulty,  by 
clinging  From  tree  to  tree,  with  the  assistance  of  ropes,  at  times^ 
where  the  mural  front  was  otherwise  impassable.  By  noon  of 
the  second  day,  we  had  reached  an  elevation  of  five  thousand 
feet  and  stood  on  an  area  twelve  feet  square,  the  summit  of  an 
isolated  crest  in  the  ridge  on  which  we  were  travelling.  To  the 
east,  we  looked  down  two  thousand  feet  into  the  Matavai  Yalley ; 
to  the  west  a  thousand  feet  into  a  branch  of  the  Papaua  Valley, 
the  slopes  either  way,  being  from  sixty  to  eighty  degrees,  or 
within  thirty  degrees  of  perpendicular.  On  the  side  of  our 
ascent,  and  beyond,  on  the  opposite  side,  our  peak  was  united 
with  the  adjoining  summit  by  a  thin  ridge,  reached  by  a  steep 
descent  of  three  hundred  feet.  This  ridge  was  described,  by  our 
natives,  as  no  wider  at  top  than  a  man's  arm,  and  a  fog  coming 
on,  they  refused  to  attempt  it  that  day.  The  next  morning  being 
clear*,  we  pursued  our  course.  For  a  hundred  rods,  the  ndge  on 
which  we  walked  was  two  to  four  feet  wide,  and  from  it,  we 
looked  down,  on  either  side  a  thousand  feet  or  more,  of  almost 
perpendicular  descent.  Beyond  this  the  ridge  continued  narrow, 
though  less  dangerous,  until  we  approach^  the  high  [)eak  of 
Aorai.  This  peak  had  appeared  to  be  conical  and  equally  access* 
ibie  on  dilferent  sides,  bat  it  proved  to  have  but  one  place  of  ap- 
proach, and  that  abng  a  wall  with  precipices  of  two  to  three 
thousand  feet,  and  seldom  exceeding  two  feet  in  width  at  top. 
In  one  place  we  sat  on  it  as  on  the  back  of  a  horse,  for  it  was  no 
wider,  and  pushed  ourselves  along  till  we  reached  a  spot  where  its 
width  was  doubled  to  two  feet,  and  numerous  bushes  again  afford- 
ing us  some  security,  we  dared  to  walk  erect.  We  at  last  stood 
perched  on  the  summit  edge,  not  six  feet  broad.  The  ridge  con- 
tinned  beyond  for  a  short  distance,  with  the  same  sharp,  knife- 
edge  character,  and  was  then  broken  off  by  the  Punaavia  Valley. 
Our  height  afforded  a  near  view  of  Orohena ;  it  was  separated  from 
Qs  only  by  the  Valley  of  Matavai,  from  whose  profound  depths 
it  rose  with  nearly  erect  sides.  The  peak  has  a  saddle  shape, 
and  the  northern  of  the  two  points  is  called  PitohitL  These 
summits,  and  the  ridge  which  stretches  from  them  loward  Mata- 
vai, intercept  the  view  to  the  southward.  In  other  directions, 
the  rapid  succession  of  gorge  and  ridge  that  characterizes  Tahi- 
tian  scenery,  was  open  before  us.  At  the  western  foot  of  Aorai, 
appeared  the  Crown.  Beyond  it  extended  the  Punaavia  Valley, 
the  only  level  spot  in  sight ;  and  far  away,  in  the  same  direction, 
steep  ridges,  rising  behind  one  another  with  jagged  outline,  stood 
against  the  western  horizon.  To  the  north,  deep  valleys  goi^ 
the  country,  with  narrow  precipitous  ridges  between ;  aud  these 
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melt  away  into  ridgy  hills  and  valleys,  and  finally  into  the  palm- 
covered  plains  bordering  the  sea. 

On  our  descent,  we  followed  the  western  side  of  the  Plapaua 
Valley,  along  a  narrow  ridge  snch  as  we  have  described,  but  two 
or  three  feet  wide  at  top,  and  enclosed  by  precipices  of  not  less 
than  a  thousand  feet.  Proceeding  thus  for  two  hours,  holding  to 
the  bushes  which  served  as  a  kind  of  balustrade,  though  occasion- 
ally startled  by  a  slip  of  the  foot  one  side  or  the  other-^-our  path 
suddenly  narrowed  to  a  mere  edge  of  naked  rock,  and,  more- 
over, the  ridge  was  inclined  a  little  to  the  east,  like  a  tottering 
wall.  Taking  the  upper  side  of  the  sloping  wall,  and  trusting 
our  feet  to  the  bushes  while  clinging  to  the  rocks  above,  carefully 
dividing  our  weight  lest  we  should  precipitate  the  rocks  and  oui^ 
selves  to  the  depths  below,  we  continued  on  till  we  came  to  an 
abrupt  break  in  the  ridge  of  twenty  feel,  half  of  which  was 
perpendicular.  By  means  of  ropes  doubled  around  the  rocks 
above,  we  in  turn  let  ourselves  down,  and  soon  reached  again  a 
width  of  three  feet,  where  we  could  walk  in  safety.  Two  hours 
more  at  last  brought  us  to  slopes  and  ridges  where  we  could 
breathe  freely. 

The  peculiarities  here  described  characterize  all  parts  of  the 
island.  Towards  the  high  peaks  of  the  interior,  the  ridges  which 
radiate  from,  or  connect  with  them,  become  mere  mountain  walls 
with  inaccessible  slopes,  atid  the  valleys  are  from  one  to  three 
thousand  feet  in  depth.  The  central  peaks  themselves  have  the 
same  wall-like  character.  It  is  thus  with  Orohena  and  Pitohiti,  as 
well  as  Aorai ;  and  owing  to  the  sharpness  of  the  summit  edge, 
rather  than  the  steepness  of  the  assent,  Orohena  is  said  to  be 
quite  inaccessible.  Dr.  Pickering  and  Mr.  Couthouy,  in  an  ex- 
cursion to  a  height  of  five  thousand  feet  on  this  ridge,  met  with 
difficulties  of  the  same  character  we  have  described. 

Without  citing  other  examples,  we  continue  with  the  author's 
remarks  on  the  origin  of  these  valleys. 

The  causes  operating  in  the  Pacific,  which  may  have  contrib- 
uted to  valley-making,  are  the  following: 

1.  Convulsions  from  internal  forces,  or  volcanic  action. 

2.  Degradation  from  the  action  of  the  sea. 

3.  Gradual  wear  from  running  water  derived  from  the  rains. 

4  Gradual  decomposition  through  the  agency  of  the  elements 
and  growing  vegetation. 

The  action  of  volcanic  forces  in  the  formation  of  valleys,  is 
finely  illustrated  in  the  great  rupture  in  the  summit  of  Hale-a-kala 
on  Maui,  l^he  two  valleys  formed  by  the  eruption  are  as  exten- 
sive as  any  in  the  Hawaiian  Group,  being  two  thousand  feet  deep 
at  their  highest  part,  and  one  to  two  miles  wide.  They  extend 
from  the  interior  outward  towards  the  sea.    Above,  they  open  into 
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a  eommoii  amphitheatre,  the  remains  of  the  former  crater,  the 
wails  of  which  are  two  thousand  feet  high. 

As  other  examples  of  volcanic  action,  we  majr  refer  to  the  pit 
craters  of  Mount  Loa,  among  which  Kilauea  stands  preeminent. 
This  great  corral,  if  we  may  use  a  Madeira  word,  is  a  thousand 
feet  deep,  one  to  two  miles  wide,  and  over  three  long,  so  that  it 
forms  a  cavity  which  may  compare  advantageously  with  many 
valleys ;  and  were  the  walls  on  one  side  removed,  it  might  b^ 
eome  the  head  of  a  valley  like  that  of  Hale-a-kala  on  Maui. 

As  an  example  of  this  kind  of  valley  upon  islands  which  have 
lost  their  original  volcanic  form,  we  venture  to  refer  to  the  wide 
Nniiana,  back  of  Honolulu,  (island  of  Oahu,)  which  has  at  its 
head  on  either  side,  a  peak  rising  above  it  to  a  height  of  two 
thousand  four  hundred  feet,  or  four  thousand  feet  above  the  sea. 

The  immense  amphitheatre  to  the  west  of  the  lofty  Orohena 
and  Aorai,  on  the  island  of  Tahiti,  is  remarkable  for  its  great 
breadth,  and  the  towering  summits  which  overhang  it ;  and  if  not  a 
parallel  case  to  that  of  Maui,  that  is,  if  the  head  was  not  originally 
the  great  crater,  there  must  have  been  a  subsidence  or  removal  of 
a  lai^e  tract  by  internal  forces.  * 

The  precipice  of  the  eastern  mountain  of  Oahu,  is  another  ex- 
ample of  the  effect  of  convulsion  in  altering  the  features  of  islands, 
causing  either  a  removal  or  subsidence. 

The  many  fissures  which  are  opened  by  the  action  of  Kilauea, 
might  be  looked  upon  as  valleys  on  a  smaller  scale,  and  the  germs 
of  more  extensive  ones.  But  with  few  exceptions,  these  fissures 
as  soon  as  made  are  closed  by  the  ejected  lava,  and  the  mountain 
is  here  no  weaker  than  before.  Those  which  remain  open,  may 
be  the  means  of  determining  the  direction  of  valleys  afterwards 
formed. 

Aetion  of  the  sea. — ^The  action  of  the  sea  in  valley-making,  is 
supposed  to  have  been  exerted  during  the  rise  of  the  land  ;  and  as 
such  changes  of  level  have  taken  place  in  the  Pacific,  this  cause 
it  would  seem,  must  have  had  as  extensive  operation  in  this  vast 
ocean  as  any  where  in  the  world,  especially  as  the  lands  are  small 
and  encircled  by  the  sea,  and  there  is,  therefore,  a  large  amount 
of  coast  exposed,  in  proportion  to  the  whole  area. 

Bat  in  order  to  apprehend  the  full  effect  of  this  mode  of  degra- 
dation, we  should  refer  to  its  action  on  existing  shores  *  At  the 
outset  we  are  surprised  at  finding  little  evidence  of  any  such 
action  now  in  progress  along  lines  of  coast.  The  islands,  and 
the  shores  of  continents  have  occasional  bays,  but  none  that  are 
deepening  by  the  action  of  the  sea.  The  waves  tend  rather  to 
fill  up  the  bays  and  remove  by  degradation  the  prominent  capes, 
thus  rendering  the  coast  more  even,  and  at  the  same  time,  aceu- 

*  Hm  Tiew  here  pmented  is  iustained  k  De  la  Beche's  (Jeolo^ical  Reeearches, 


Digiti 


zed  by  Google 


64  J.  Z>.  Dwna  oti  Denuehttion  m  the  Pacific. 

mulating  beaches  that  protect  it  from  wear.  If  this  is  the  case 
on  shores  where  there  are  deep  bays,  what  should  it  he  on  sub- 
marine slopes  successively  becoming  the  shores,  in  which  the 
surfiice  is  quite  even  comfiared  with  the  present  outline  of  the 
islands  ?  Instead  of  making  bays  and  channels,  it  can  only  give 
greater  regularity  to  the  line  of  coast. 

Upon  the  North  American  coast,  from  Long  Island  to  Florida 
there  are  no  valleys  in  progress  from  the  action  of  the  sea.  Oa 
the  contrary,  we  ascertain  by  soundings  that  the  bottom  is  singu- 
larly even ;  and  the  bays,  as  that  of  New  York,  are  so  acted  upon 
by  the  sea,  that  were  it  not,  in  the  case  mentioned,  for  the  action 
of  the  current  of  the  Hudson  River,  its  limits  would  continue 
gradually  to  contract.  Around  Tahiti  there  are  no  submarine 
valleys.  The  valleys  of  the  land  are  often  two  thousand  feet 
det^p;  but  they  die  out  towards  the  shores.  Thus  over  the 
world,  scarcely  an  instance  can  be  pointed  out  of  valley  making 
from  the  action  of  the  sea.  During  the  slow  rise  of  a  country,  the 
condition  would  not  be  more  favorable  for  this  effect  than  in  a  time 
of  perfect  quiet.  If  America  were  to  be  elevated,  would  the  action 
make  valleys  in  the  shores  just  referred  to?  If  England  were 
slowly  to  rise,  would  this  favor  the  scooping  of  valleys  through 
its  beaches?  Would  not  beach  formations  continue  to  be  the  legit- 
imate production  of  the  sea  along  its  line  of  wave  action ;  and 
where  the  rocks  should  favor  the  opening  of  a  deep  cove,  would 
not  the  same  action  go  on  as  now,  causing  a  wear  of  the  head- 
lands and  a  filling  up  of  the  cove  at  its  head  ?  Were  Tahiti  now 
to  continue  rising,  could  the  waves  make  valleys  on  the  coast  ? 
The  increasing  height  of  the  mountains  would  give  the  streams 
of  the  land  greater  eroding  force,  and  more  copious  waters ;  but 
the  levelling  waves  would  continue  to  act  as  at  the  present  time. 
The  effects  of  the  sea  in  making  valleys  have  been  much  exag- 
gerated, as  is  obvious  from  this  appeal  to  existing  operations,  the 
appropriate  test  of  truth  in  geology. 

The  action  of  a  rush  of  waters  in  a  few  great  waves  over  the 
land,  such  as  might  attend  a  convulsive  elevation,  though  gen- 
erally having  a  levelling  effect,  might  pnxluce  some  excavations, 
as  is  readily  conceived ;  yet  it  is  obvious  on  a  moment's  consider- 
ation, that  such  waves  could  not  make  the  deep  valleys,  miles 
in  length,  that  intersect  the  rocks  and  mountains  of  our  globe. 

BiU  it  is  supposed  that  there  may  be  fissures  about  volcanic 
islands  in  which  the  sea  could  ply  its  force.  Yet  even  in  these 
cases,  unless  the  fissures  were  large,  the  seashore  accumulations 
would  be  most  likely  to  fill  and  obstruct  them.  To  try  this 
hy(K>thesis  by  facts,  we  remark  that  there  are  no  such  shore  fissures 
around  Mount  Loa,  nor  any  of  the  other  Hawaiian  Island.s.  The 
fissures  formed  by  volcanic  action  immediately  about  a  volcano, 
are  generally  filled  at  once  with  lavas  as  we  have  stated,  and  the 
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v«ot  is  meoded  by  the  force  which  made  it.    It  is,  therefcnre,  a 

Gratuitous  assumption  that  stich  fissures  have  been  common* 
'be  existence,  however,  of  large  valleys  such  as  have  been  attrib- 
uted above  to  convulsions  rannot  be  doubted  ;  but  the  sea  would 
exert  its  power  in  such  places,  nearly  as  now  in  Faugaloa  Bay, 
Tutuila,  and  other  bays  iu  continents  ;*-«  beach  forms^  and  a 
shore  plain,  and  afterwards  there  is  a  little  action  from  the  sea 
in  these  confined  areas  of  water. 

In  the  Illawarra  district,  New  South  Wales,  there  are  several 
places  where  dikes  of  basalt  have  been  removed  by  the  sea,  and 
ebaonels  one  hundred  yards  in  depth,  of  the  width  of  the  dike 
(six  feet),  now  exist,  cutting  straight  into  the  rocky  land.  This 
isai)  example  of  the  action  of  the  sea  where  everything  is  most 
£i?orable  for  it.  And  we  observe  that  there  is  little  resemblance 
ID  this  narrow  channel  with  but  a  trifling  wear  of  the  inclosing 
rocks,  to  the  valleys  which  are  to  be  accounted  for  in  the  Pacific ; 
and  little  authority  to  be  derived  from  it  for  attributing  much 
efficacy  to  the  sea  in  wearing  out  valleys.  I'he  reason  of  this 
is  apparent  in  the  fact  that  the  sea  rolls  up  a  coast  in  great 
swells,  and  catmot  parcel  itself  off,  and  act  like  a  set  of  gouges; 
this  latter  effect  it  leaves  for  the  streams  and  streamlets  of  the 
shores  which  are  gouges  of  all  dimensions* 

Although  the  sea  can  accomplish  little  along  coasts  towards 
excavating  valleys,  yet  when  the  land  is  wholly  submerged,  or 
only  the  mountain  summits  peer  out  as  islands,  the  great  oceanic 
carrents  sweeping  over  the  surface  and  through  channels  between 
the  islands,  woitld  wear  away  the  rocks  or  earth  beneath.  From 
the  breadth  and  character  of  such  marine  sweepings,  we  learn 
that  the  excavations  formed  would  be  very  broad  rounded  valleys ; 
and  their  courses  would  correspond  in  some  degree  with  the  prob- 
able direction  which  the  currents  of  the  ocean  would  have,  over 
the  region  in  case  of  a  submergence.  Moreover  where  there  are 
different  open  channels  for  the  ingress  of  the  sea,  having  free 
intercommunication,  there  are  often  strong  currents  connected 
with  the  tides,  and  consequently  much  erosion.  It  is  obvious 
that  the  valleys  of  the  Pacific  islands  have  nothing  in  their  fea- 
tures or  positions  attributable  to  such  a  cause. 

Running  water  of  the  land,  and  ffraduai  decomposiHon,-^Oi 
the  causes  of  valleys  mentioned  in  the  outset  we  are  forced  to  rely 
for  explanations  principally  upon  nuining  streams :  and  they  are 
not  only  gouges  of  all  dimensions,  but  of  great  power,  and  in 
constant  action.  There  are  several  classes  of  facts  which  support 
tis  in  this  conclusion. 

a.  We  observe  thcU  Mount  Loa,  whose  sides  are  still  flooded 
with  lavas  at  intervals,  has  but  one  or  two  streamlets  over  all  its 
slopes,  and  the  surface  has  none  of  the  deep  valleys  common 
about  other  summits.     Here  volcanic  action  has  had  a  smoothing 
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edect,  and  by  its  coatirraation  to  this  time,  thm  waters  bare  had 
scarcely  a  chance  to  make  a  beginning  in  denudation. 

Mount  Kea,  which  has  beeu  extinct  for  a  long  period,  has  a 
succession  of  valleys  on  its  windward  or  rainy  side,  which  are 
several  hundred  feet  deep  at  the  coast  and  gradually  diminish 
upward,  extending  in  general  about  half  or  two-thirds  of  the 
way  to  the  summit.  But  to  the  westward  it  has  dry  declivities, 
which  are  comparatively  even  at  base,  with  little  running  water. 
A  direct  connection  is  thus  evinced  between  a  windward  exposure, 
and  the  existence  of  valleys :  and  we  observe  also  that  the  time 
since  volcanic  action  ceased  is  approximately  or  relatively  indica* 
ted,  for  it  has  been  long  enough  for  the  valleys  to  have  advanced 
only  part  way  to  the  summit.  Degradation  from  running  water 
would  of  course  commence  at  the  foot  of  the  mountain,  where 
the  waters  are  nece-ssarily  more  abundant  and  more  powerful  in 
denuding  action,  in  consequence  of  their  gradual  accumulation  on 
their  descent  Mount  Kea,  like  Mount  Loa,  is  nearly  14,000 
feet  high,  and  the  average  slope  is  7  to  8  degrees. 

Hale-a-kala  on  Maui  offers  the  same  facts  as  Mount  Kea,  indi- 
cating the  same  relation  between  the  features  of  the  surface  and 
the  climate  of  the  different  sides  of  the  island.  On  Eastern 
Oahu  the  valleys  are  still  more  extensive ;  yet  the  slopes  of  the 
original  mountains  may  be  in  part  distinguished.  And  thus  we 
are  gradually  led  to  Kauai,  the  westertimoet  of  the  Hawaiian  Isl- 
ands, where  the  valleys  are  very  profound  and  the  former  slopes 
can  hardly  be  made  out.  The  facts  are  so  progressive  in  character, 
that  we  must  attribute  all  equally  to  the  running  waters  of  the  land. 

The  valleys  of  Mount  Kea  alone,  extending  some  thousands  of 
feet  up  its  sides,  sustain  us  in  saying,  that  time  only  is  required 
for  the  formation  of  similar  valleys  elsowhere  in  the  Pacific. 
As  in  Tahiti,  so  in  other  islands*  these  valleys  take  the  direction 
of  the  former  slopes;  and  though  they  may  be  of  great  depth  and 
commence  even  under  the  central  summits,  they  ierminaUiU  the 
sea  level,  instead  of  continuing  beneath  it. 

The  fluting  of  the  walls  of  the  Hanapepe  Yalley,  a  thousand  feet 
or  more  in  height,  has  been  described  on  a  preceding  page.  It  can- 
not be  doubted  here  that  water  was  the  agetu ;  for  the  rills  are  seen 
at  work.  The  contrast  between  the  same  valley  near  the  sea,  and 
in  the  mountains,  (the  walls  in  the  former  case  being  nearly  un- 
worn vertically,)  is  explained  on  the  same  principle:  for  the 
mountains  are  a  region  of  frequent  rains  and  almost  constant 
douds,  and  therefore  abound  in  streams  and  streamlets  and  threads 
of  water;  while  below,  there  are  grassy  plains  instead  of  forest 
declivities,  and  but  little  rain.  These  fiirrowiugs  vary  from  a 
few  yards  in  width  and  depth  to  many  furlongs. 

The  long  and  lofty  precipice  of  Elastern  Oahu,  is  an  excellent 
place  for  studying  farther  this  action.    It  is  fluted  in  the  same 
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Btyle  as  the  Hanapepe  Yaltey.  In  the  distaot  Tiew  the  vertical 
channels  appear  very  narrow ;  but  when  closely  examined  they 
are  found  to  be  deep  and  often  winding  passages.  The  precipice 
faces  to  the  windward,  and  is  directly  nnder  the  wliole  line  of 
peaks  in  the  mountain  range,  both  of  which  facts  account  for  an 
abundance  of  water.  Going  to  the  westward  along  the  range, 
the  precipice  changes  to  a  sloping  declivity,  and  these  passages 
become  deeper  and  longer,  and  more  winding,  just  in  proportion 
to  the  increasing  length  of  the  slopes:  moreover  at  the  same 
time  they  decrease  in  number.  Where  there  is  no  slope  to  col- 
lect the  waters,  the  rills  act  independently,  and  their  furrowings 
like  themselves  aire  small,  narrow,  and  numerous ;  but  as  the  decliv- 
ity becomes  gradual,  the  rills  flow  on  and  collect  into  lai^er 
streams,  and  the  furrowings  become  deeper  and  more  distant.  Over 
this  region,  no  distinction  can  be  drawn  as  regards  origin  between 
these  flotings  and  the  gorges :  and  in  respect  to  features,  only  this 
difference  appears,  that  the  size  of  the  excavations  is  less  and  the 
number  greater,  the  steeper  the  declivity.  If  a  fissure  be  appealed 
to  as  the  commencement  of  the  longer  valleys,  it  should  also  be 
admitted  for  each  of  the  flutings.  But  this  idea  is  wholly  inad- 
missible. 

A  brief  review  of  the  action  of  flowing  waters  with  reference 
to  the  diflferent  results  described  may  place  this  subject  in  a  clear 
light. 

a.  Suppose  a  mountain,  sloping  aroimd  like  one  of  the  volcanic 
domes  of  the  Pacific. — The  excavating  power  at  work  proceeds 
from  the  rains  or  condensed  vapor,  and  depends  upon  the  amount 
of  water  and  rapidity  of  slope. 

6.  The  transporting  force  of  flowing  water*  increases  as  the 
sixth  power  of  the  velocity, — double  the  velocity  giving  sixty- 
fonr  times  the  transporting  power. — The  eroding  force  will  be 
greater  than  this  on  a  mountain  declivity,  where  the  waters  add 
their  own  gravity  to  the  direct  »:tion  of  a  progressive  movement. 

c.  Hence,  if  the  slopes  are  steep,  the  water  gathering  into  rills 
excavates  so  rapidly,  that  every  growing  streamlet  ploughs  out  a 
gorge  or  furrow ;  smd  consequently  the  number  of  separate  gorges 
is  very  large,  and  their  sizes  comparatively  small,  though  of  great 
depth. 


*  It  has  been  shown  by  W.  Hopkins,  Esq^  that  the  moyu)g  force  of  running  water, 
(thtt  force  being  estimated  by  the  Toliune  or  weight  of  a  mass  of  any  given  form 
which  it  is  just  capable  of  moring,)  yaries  as  llie  aixtk  power  of  the  yelocHy.  He 
ttjif  *'if  a  stream  of  ten  miles  an  hour  would  just  moye  a  block  of  five  tons  weight, 
a  current  of  fifteen  miles  an  hour  would  move  a  block  of  similar  form  upwarcU  of 
fiftj-five  tons ;  a  current  of  twenty  miles  an  hour  would,  according  to  the  eame  law, 
move  a  Hofk.  of  three  hundred  and  twenty  tons :  again,  according  to  the  same  law, 
a  cmreiit  of  two  miles  an  hour  would  move  a  pebme  of  similar  form  of  only  a  few 
ounces  in  weight.*^ — On  the  Transport  of  Erratic  Blocht^  Trans.  Cambu  PhiL  Soa, 
1844.  viii,  221,  288. 
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d.  Bat  if  the  slopes  are  gradual,  Ihe  rills  flow  into  oBe  another 
from  a  broad  area,  and  enlaige  a  centrsU  trunk,  which  continues 
on  towards  the  sea,  with  frequent  additions  from,  either  side.  The 
excavation  above,  for  a  while,  is  small ;  for  the  greater  abundance 
of  water  below,  during  the  rainy  seasons,  causes  the  denudation 
to  be  greatest  there,  and  in  this  part  the  gorge  or  valley  most 
rapidly  forms.  In  its  progress,  it  enlarges  from  below  upward, 
though  also  increasing  above ;  at  the  same  time,  the  many  tribu- 
taries are  making;  lateral  branches. 

e.  Towards  the  foot  of  the  mountain,  the  excavating  power 
ceases  whenever  the  stream  has  no  longer  in  this  part  a  rapid  de- 
scent,— that  is  whenever  the  slope  is  not  above  one  or  two  feet  to 
the  mile.  The  stream  then  consists  of  ttco  parts^  the  torrent  of  the 
mountains  and  the  slower  waters  be/ow,  and  the  latter  is  gradu- 
ally lengthening  at  the  expense  of  the  former. 

/  After  the  lower  waters  have  nearly  ceased  excavation,  a  new 
process  commences  in  this  part, — that  of  widening  the  valley- 
The  stream  which  here  effects  little  change  at  low  water,  is 
flooded  in  certain  seasons,  and  the  abundant  waters  act  biteraUy 
against  the  enclosing  rocks.  Gradually,  through  this  undermin- 
ing and  denuding  operation,  the  narroio  bed  becomes  a  flat  strip 

.of  landy  between  lofty  precipices^  through  which,  in  the  rainy 
season,  the  streamlet  flows  in  a  winding  course.  The  streamlet, 
as  the  flat  bottom  of  the  valley  is  made,  deposits  detritus  on 
its  banks,  which  in  some  places  so  accumulates  as  to  prevent  an 
overflow  of  the  banks  by  any  ordinary  freshet.  Such  is  the  ori- 
gin of  the  deep  channels  with  a  riband  of  land  at  bottom  that  cut 
through  the  '^  dividing  plain"  of  Oahu,  and  which  are  common 
towards  the  shores  of  many  of  the  Pacific  islands. 

g.  The  torrent  part  of  the  stream,  as  it  goes  on  excavating,  is 
gradually  becoming  more  and  more  steep.  The  rock-material 
operated  upon,  consists  of  layers  of  unequal  hardness,  varying 
but  little  from  horizontality  and  dipping  towards  the  sea,  and  this 

^  occasions  the  formation  of  cascades.  Whenever  a  softer  layer 
wears  more  rapidly  than  one  above,  it  causes  an  abrupt  fall  in  the 
stream :  it  may  be  at  first  but  a  few  feet  iu  height ;  but  the  pro- 
cess begun,  it  goes  on  with  accumulating  power.  The  descend- 
ing waters  in  this  spot  add  their  whole  weight,  as  well  as  a 
greatly  increased  velocity,  to  their  ordinary  force,  and  the  exca- 
vation below  goes  on  rapidly,  removing  even  the  harder  layers. 
The  consequences  are,  a  fall  of  increasing  height,  and  a  basin- 
like excavation  directly  beneath  the  fall.  Often,  for  a  short  dis- 
tance below,  the  stream  moves  quietly  before  rushing  again  on 
its  torrent  course,  and  when  this  result  is  attained  by  the  action, 
the  height  of  the  fall  has  nearly  reached  its  limit  as  far  as  exca- 
vation below  is  concerned ; — though  it  may  continue  to  increase 
from  the  gcadual  wear  and  removal  of  the  rocks  over  which  it 
descends. 


Digiti 


zed  by  Google 


J.  D.  Dana  m  Dtnudaikn  m  Hke  Pacific.  09 

h.  As  the  gorge  increases  ia  steepness,  the  excavations  above 
deepen  rapidly, — the  more  rapid  descent  more  than  compensa* 
ting,  it  may  be,  for  any  difference  in  the  amount  of  water. 
Moreover,  as  the  rains  are  generally  most  frequent  at  the  very 
sanmiits,  the  rills  in  this  part  are  kept  in  almost  constant  action 
through  the  year,  while  a  few  milies  nearer  the  sea  they  are 
often  dried  up  or  absorbed  among  the  cavernous  rocks.  The 
denudation  is  consequently  at  all  times  great  about  the  higher 
parts  of  the  gorge,  (especially  after  the  slopes  have  become  steep 
by  previous  degradation ;)  thus  finally  a  steep  precipice  forms  the 
head  of  the  vaJley. 

f.  The  waters  descending  the  ridges  either  side  of  the  valley 
or  gorge,  are  also  removing  these  barriers  between  adjacent  val* 
leys,  and  are  producing  as  d^  first  effect,  a  thinning  of  the  ridge  at 
somniit  to  a  mere  edge ;  and  as  a  seoond^  its  partial  or  entire  re- 
moval, so  that  the  two  valleys  may  at  last  be  separated  only  by  a 
low  wall,  or  even  terminate  in  a  common  head, — a  wide  amphi* 
theatre  enclosed  by  the  lofty  mountains.  In  one  case,  the  ridge 
between  the  two  valleys,  which  towards  the  shores  of  the  island 
has  rather  a  broad  back,  high  up  in  the  region  of  mists  and  fre- 
quent rains  becomes  a  narrow  wall,  and  thus  connects  with  the 
central  summit.  ^In  the  second,  the  ridge  finally  terminates  ab* 
mptiy,  and  a  deep  valley  separates  it  from  the  main  mountain. 

The  following  sketch  may  assist  the  mind  in  conceiving  of  the 
action  upon  the  Pacific  mountains.    It  represents  one  of  the  val- 


leys of  Tahiti  from  the  centre  to  the  shore,  excepting  its  irregn- 
larities  of  direction  and  descent,  and  the  uneven  character  of  its 
walls,  arising  from  lateral  valleys  and  minor  denudiations.  The 
height  of  Tahiti  is  about  eight  thousand  feet ;  its  radius  c  s  is 
ten  geographical  miles.  The  head  of  the  valley  at  a  is  three 
thousand  feet  below  the  summit  peak  p.  The  descent  along  the 
air-line  from  a  to  s,  averages  five  hundred  feet  to  the  mile.  If  a 
be  four  thousand  feel  below  the  summit,  nhe  exact  depth  was  not 
ascertained,)  it  would  still  give  four  hundred  feet  to  the  mile. 

This  subject  is  beautifulfy  illustrated  in  some  of  the  tufa  cones 
of  Oahu,  where,  on  a  smaller  scale,  we  have  the  same  kind  of 
gorge  and  valley ;  and  in  this  case,  there  is  no  doubt  that  de- 
nudation was  the  cause  by  which  they  were  produced.  The 
valleys  have  the  direction  of  the  slopes,  and  are  similar  in  ft^rm 
and  winding  character  to  those  of  the  mountains.  The  inter- 
vening ridges  are  also  similar.    Many  of  them  become  very 
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thin  at  tummit  as  they  riae  towards  the  crest  of  the  volcanic 
eone,  and  others  have  this  upper  part  adjoining  the  crest  want- 
ing, owing  to  the  extent  of  the  degradation,  so  that  two  valleys 
have  a  common  head  against  the  vertical  bluff.  A  better  model 
of  the  mountain  gorges  could  hardly  be  made,  and  it  stands  near 
by,  convenient  for  comparison.  Diamond  Hill,  one  of  these 
cones,  is  800  feet  high. 

We  need  add  little,  in  this  place,  on  the  capabilities  of  running 
water,  after  the  statement,  based  on  mathematics,  that  the  trans- 
porting force  varies  as  the  sixth  power  of  the  velocity.  If  we 
remember  that  these  mountain  streams  at  times  increase  their 
violence  a  million  fold  when  the  rains  swell  the  waters  to  a  flood, 
all  incredibility  on  this  point  must  be  removed. 

A  few  thousand  feet  in  depth,  even  in  the  solid  rocks,  is  no 
great  affair  for  an  agent  of  such  ceaseless  activity,  during  the  pe- 
riods which  have  elapsed  since  the  lands  became  exposed  to  their 
influence.  And  when  we  take  into  view  the  lofty  heights  of  the 
Pacific  islands,  their  rapid  declivities  giving  speed  to  the  waters 
and  transported  stones  and  earth,  we  must  admit  that  of  all  lands, 
these  are  especially  fitted  for  denudation  by  torrents. 

The  nature  of  the  rocks  also  favors  wear  and  removal.  They 
are  in  successive  layers,  soft  conglomerates  or*  tufas  frequently 
alternating  with  the  harder  basalt  or  basaltic  lava.  Moreover, 
the  rock  is  commonly  much  fissured,  owing  to  a  tendency  to  a 
columnar  structure ;  besides,  they  are  often  cellular.  The  waters 
thus  find  admission,  promoting  decomposition  and  also  degrada- 
tion. There  are,  also,  frequent  caverns  between  layers,  which 
contribute  to  the  same  end. 

There  is  every  thing  favorable  for  degradation  which  can  ex- 
ist in  a  land  of  perpetual  summer :  and  there  is  a  full  balance 
against  the  frosts  of  colder  regions  in  the  exuberance  of  vegeta- 
ble life,  sitice  it  occasions  rapid  decomposition  of  the  surface, 
covering  even  the  face  of  a  precipice  with  a  thick  layer  of  altered 
rock,  and  with  spots  of  soil  wherever  there  is  a  chink  or  shelf  for 
its  lodgment.  The  traveler  on  one  of  these  islands  ascending  a 
valley  on  a  summer  day,  when  the  streams  are  reduced  to  a  mere 
creeping  rill  which  half  the  time  burrows  out  of  sight,  seeing 
the  rich  foliage  around,  vines  and  flowers  in  profusion  covering 
the  declivities  and  festooning  the  trees,  and  observing  scarcely  a 
bare  rock  or  stone  excepting  a  few  it  may  be  along  the  bottom 
of  the  gorge,  might  naturally  inquire  with  some  degree  of  won- 
der, where  are  the  mighty  agents  which  have  channeled  the  lofty 
mountains  to  their  base  ?  But  though  silent,  the  agents  are  still 
on  every  side  at  work ;  decomposition  is  in  slow,  but  constant 
progress ;  the  percolating  waters  are  acting  internally,  if  not  at 
the  surface.  Moreover,  at  another  season,  he  would  find  the  scene 
changed  to  one  of  noisy  waters,  careering  along  over  rocks  and 
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plunging  down  heights  with  frightAil  velocity;  and  then  the 
power  of  the  strei^  would  not  be  disputed.* 

But  if  the  waters  have  been  thus  efficient  in  causing  denudft- 
tion  and  opening  valleys,  may  not  fiasuree  or  dikes  have  deter* 
mined  their  courses?  The  only  test  of  truth,  an  appeal  to  fact% 
may  answer  the  question.  Mount  Loa  is  a  mountain  yet  un* 
changed.  It  has  its  dikes  in  great  numbers :  but  over  these  dikes 
the  country  is  more  apt  to  be  raised  a  little  from  the  overflow  of 
lavas  than  depressed,  and  this  would  turn  off  the  water.  Again, 
we  see  no  instances  of  dikes  yielding,  and  offering  a  course  for  a 
stream.  As  to  unfilled  fissures,  there  are  few  of  them,  and  these, 
with  rare  exceptions,  are  immediately  about  the  active  vents.  Is 
either  supposition  then  sustained  by  the  facts  presented?  We 
know  the  tendency  of  water  to  take  the  lowest  parts  of  a  surface, 
and  will  it  not  follow  these  parts,  whether  or  not  there  be  a  dike 
or  fissure  ?  It  is  obvious  that  whatever  ravines  or  depressions  the 
floods  of  lava  may  have  left,  would  be  the  courses  ot  the  waters ; 
and  these  depressions  would  be  followed  to  the  sea,  and  ultimately 
become  valleys.  We  may  believe  that  the  waters  would  not 
wait  till  there  was  a  convenient  fissure ;  they  would  go  where 
incHnaHon  led,  and  make  valleys  with  little  difiiculty,  if  there 
were  no  guiding  or  aiding  fissures.  Were  the  dikes  filled  by  a 
rock  more  decomposable  or  more  easily  eroded  than  those  en- 
closing it,  as  is  the  case  in  some  granitic  regions,  we  should  ex- 
pect that  they  would  frequently  become  water  courses :  but  this 
is  seldom  the  fact  in  the  Pacific  islands. 

The  valleys  in  some  of  the  Canary  Islands,  extend  from  the 
diores  part  way  to  the  summit,  as  on  Mount  Kea  and  Hale-a-kala, 
and  evidently  for  the  reason  already  explained.     We  can  detect 


*  The  rioe  of  tbe  streams,  frrim  the  raiii^  of  the  mountauis  is  often  so  rapid  that 
in  some  inatiiDceSt  the  Dative  viiUiged  of  the  coa^t  become  flooded,  before  thej  have 
time  eren  to  move  their  property. — MiM.  Herald,  xxiii,  207. 

Mr.  Coan,  who  has  often  traversed  the  coast  of  Hawaii,  north  of  Hilo,  and  during 
tbe  drier  seasons,  (which,  however,  are  of  nhort  duration  on  this,  the  windward 
eoast,)  fords  tbe  shallow  streams  wiUiout  difficulty,  gives  tlie  following  account  of 
his  journey  during  a  time  of  rains.  *'  Great  and  continued  rains  fell  during  my  ab- 
sence, and  tbe  numerous  rivers  became  so  swollen  and  furious  that  the  very  sight  of 
tbem  was  fearftiL  These  raging  streams  crossed  my  path  about  onee  in  half  a  mile 
for  a  distance  of  about  thirty  miles,  and  I  was  compelled  to  cross  them  to  return 
home.  Most  of  them  run  at  a  rate  of  twenty  or  thirty  miles  an  hour,  and  in  their 
ecrurse  there  are  numerous  cataracts  from  ten  to  a  hundred  and  fifty  feet  in  perpen- 
dkiilar  descent  Though  tbe  torrents  were  so  fearful  as  to  make  one  almost  quail 
at  the  thought  of  struggling  with  their  fiiry,  ropes  were  provided,  and  several  men 
employed  fur  the  adventurous  task.  Great  calnmess  and  presence  of  mind,  and 
great  energy  an<l  muscular  effort,  were  required  to  retain  one'«  gnwp  of  the  rope, 
and  buffet  with  the  foaming  flood.  We  at  U^t  succeeded,  though  at  imminent  peril 
At  one  of  the  rivers,  we  spent  three  hours  in  finding  a  place  where  we  might,  with 
any  degree  of  safety,  extend  our  haw««r  across,  ana  transfer  our  party  to  tne  oppo- 
■te  bank.  Tbe  streams  are  at  tbe  bottom  of  narrow  ravines,  with  the  banks  ez- 
eeedingly  nvcmitous,  and  often  perpendicubir  bluflb  of  basaltic  rock.** — Mi9*.  Her- 
Mf  zzzrin,  157. 
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in  regions  of  a  similar  kind,  no  evidence  that  the  valleys  have 
de()ei)ded  for  their  origin  on  the  mountain's  being  a  ^'crater  of 
elevation,"  as  von  BiKh  nrges.*  The  regular  stratification  of  the 
sides  of  these  valleys;  the  absence  of  all  tiltings;  their  situation, 
as  related  to  the  rains ;  and  the  absence  of  fissures  ready  for  mak- 
ing valleys  on  the  leeward  declivities,  are  points  which  favor  no 
such  theory:  and,  moreover,  it  is  an  unnecessary  hypothesis. 

We  are  thus  led  to  conclude  that  between  convulsions  from 
subterranean  forces,  and  degradation  from  waters  supplied  by  the 
rains  and  attending  decomposition,  a  lofty  volcanic  dome  may 
be  changed  to  a  skeleton  island  like  Tahiti.  We  have  referred 
to  Mount  Loa  as  still  unfurrowed ;  to  Mount  Kea  and  Hale-a-kala 
as  having  only  the  lower  slopes  deeply  channeled  with  narrow 
gorges ;  and  to  other  islands,  as  exemplifying  sdl  gradations  in  these 
effects  to  those  in  which  the  original  features  are  no  longer  to  be 
traced :  we  have  pointed  out  the  difference  in  the  windward  and 
leeward  slopes,  and  have  shown  a  relation  between  the  quantity 
of  rain  and  the  amount  of  degradation: — we  have  exhibited  a 
model  of  the  mountains,  an  undeniable  result  of  denudation, 
placed  at  their  very  base,  as  if  for  illustration  : — and  thus  we  have 
traced  out  and  elucidated  all  the  steps  in  the  valley-making  pro- 
cess, and  have  also  shown  them  to  be  a  necessary  result  from  the 
action  of  running  water. 

Again,  examples  of  convulsions  from  igneous  forces  have  been 
pointed  out  in  the  great  gorges  of  Hale-a-kala,  and  in  Kilauea  and 
other  Hawaiian  craters;  in  the  mountain  wall  of  Oahu,  and  simi- 
lar scenes  on  other  islands;  in  the  wide  amphitheatre  of  central 
Tahiti :  and  the  importance  of  this  means  of  change  has  thus 
been  exhibited.  Yet  few  such  changes  are  apparent  on  any  one 
island,  and  these  are  marked  by  decided  characters  not  often  to  be 
mistaken.  It  has  also  been  shown  that  although  fissures  made 
by  volcanic  forces,  may  in  some  cases  have  given  the  direction 
to  valleys,  yet  they  are  by  no  means  necessary  in  order  that  val- 
leys should  commence  to  form. 

With  literal  truth  may  we  speak  of  the  valleys  of  the  Pacific 
Islands,  as  the  furrowings  of  time,  and  read  in  them  marks  of  age. 
Our  former  conclusion  with  regard  to  the  different  periods  which 
have  passed  over  the  several  Hawaiian  Islands  since  the  fires 
ceased  and  wear  begun,  is  fully  substantiated.  We  also  learn 
how  completely  the  features  of  an  island  may  be  obliterated  by 
this  simple  process,  and  even  a  cluster  of  peaks  like  Orohena,  Pito- 
hiti  and  Aorai  of  Tahiti,  be  derived  from  a  simple  volcanic  dome 
or  cone.  Mount  Loa,  alone,  contams  within  itself  the  material 
from  which  an  island  like  Tahiti  might  be  modeled,  that  should 
have  near  twice  its  height  and  four  times  its  geographical  extent. 


♦  See  Hes  Canaries,  p.  2S6. 
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Art.  XL — Remarks  on  ike  Constitution  of  Leucine^  with  criti- 
cal observatiotis  upon  the  late  Researches  of  At.  Wuiz ;  by 
T.  S.  Hunt. 

In  the  American  Journal  for  January,  1848,  p.  123, 1  made  some 
suggestions  as  to  the  true  composition  of  leucine  and  proposed  a 
correction  of  the  formula  which  had  been  deduced  by  M.  Mulder 
from  his  analyses.  After  noticing  the  sulphuretted  alkaloid  thial- 
dine,  lately  discovered  by  Wohler  and  Liebig,  I  remarked  that 
it  corresponded  to  a  normal  species  whose  formula  is  C , ,  H , ,  NO^ ,  * 
which  would  be  a  homologue  of  glycocoll,  "and  very  probably 
no  other  than  leucine."  This  correction  I  ventured  upon  with- 
out having  before  me  the  analytical  results  of  M.  Mulder,  be- 
cause as  I  have  stated,  the  formula  deduced  by  that  chemist, 
C, ,  H , ,  NO^,  was  irreconcilable  with  the  law  which  MM.  Ger- 
hardt  and  Ijaurent  have  announced  as  governing  the  composition 
of  all  azotized  bodies.  My  proposed  formula  on  the  contrary, 
made  this  anomaly  to  disappear,  and  showing  it  a  homologue  of 
glycocoll,  a  substance  formed  at  the  same  time  with  it,  by  the  ac- 
tion of  potash  upon  gelatine,  at  once  explained  the  singular  reac- 
tions of  leucine  with  nitric  acid,  already  described  by  M.  Brac- 
connot  Not  having  it  in  my  power  to  verify  any  farther  my 
view,  I  left  the  matter  to  the  consideration  of  chemists. 

In  the  Comptes  Rendus  de  TAcad.  for  Sept.  4ih,  1848,  there 
appears  a  communication  from  M.  Cahours,  who  had  submitted 
to  analysis  both  leucine  and  aposepedine,  (a  product  of  the  putre- 
faction of  caseine  which  Mulder  had  supposed  to  be  identical 
with  leucine,)  and  found  the  two  substances  to  agree  in  compo- 
sition and  to  have  precisely  the  formula  which  I  had  previously 
assigned.  He  has  found  that  they  form  beautifully  crystalline 
compounds  with  nitric  and  hydrochloric  acids,  and  gives  to  the 
former  the  formula  C , ,  H ,  3  NO ^ ,  NO^  HO.  M.  Cahours  has  also 
pointed  out  the  relation  between  this  body  and  thialdine  and 
their  homology  with  glycocoll.  The  sarcosine  obtained  by  M. 
Liebig,  by  the  action  of  barytic  water  upon  creatine,  has  the  for- 
mula C,  H7  NO^  and  belongs  to  the  same  homologous  series. 

The  Annales  de  Chimie  et  de  Physique  for  Nov.,  W48,  contains 
a  memoir  on  the  same  subject  by  MM.  Ijaurent  and  Grerhardt, 
from  which  it  appears,  that  led  by  the  same  considerations  as  M. 
Cahours  and  myself,  they  have  submitted  leucine  and  its  com- 
pound with  nitric  acid  to  analysis,  and  have  arrived  at  the  same 
conclusions  as  to  its  composition  and  homologous  relations.  None 
of  these  gentlemen  however  have  alluded  to  my  observations 
published  ten  months  previous,  which  appear  to  have  escaped 
their  notice. 

My  formula  requires  C  649,  H  99,  N10  7,  0  24  6.  The 
analyses  of  Mulder  show  on  comparison  with  this,  a  little  defi- 
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ciency  in  the  H  and  N,  but  those  of  M.  Cahours  are  very  close 
approximations.     He  obtained  the  following  numbers : 

Aposepedine.  Leucine. 

Carbon,      .     .     6519      6?04      64-86        6612      64-79 
Hydrogen,  .     .     9-86       1011       10-06        1006       1004 
Azote,\     .     .     10-63       1086       10-89        10  89 
The  first  analyses  of  MM.  Laurent  and  Gerhardt  made  upon 
aposepedine,  showed  a  deficiency  in  the  carbon,  but  by  solution  in 
nitric  acid  and  evaporation,  the  salt  already  described  was  obtained 
in  beautiful  crystalline  needles,  which,  dried  at  212^  F.,  corres- 
ponded exactly  with  the  numbers  calculated  from  the  formula 
C, ,  H ,  3  NO,,  NO,  HO,  or  in  their  notation,  C,  H , ,  NO,,  NHO,. 
This  salt  dissolved  in  a  little  water,  mixed  with  alcohol,  and  pre- 
cipitated while  hot  by  ammonia,  gave  leucine  in  fine  white  scales, 
entirely  inodorous ;  the  analysis  of  this  gave  C  64*6,  H  9'9.  These 
results  establish  beyond  all  doubt  the  new  formula. 

The  hydrochloric  compound  gave  CI  20*6,  which  corresponds 
to  the  formula  C,  H,  ,N0,,  HCI.  The  nitrate,  nitro-leucic 
acid  of  M.  Bracconnot,  forms,  as  that  chemist  had  shown,  crys- 
tallizable  salts  with  lime  and  magnesia,  and  the  authors  have 
described  a  similar  silver-salt.  They  remark  moreover  upon  the 
fact  that  the  three  known  alkaloids  of  this  series  appear  to  be 
derived  from  the  same  parent  substance,  for  the  sarcosine  has  been 
obtained  from  creatine  which  is  without  doubt  a  product  of  the 
transformation  of  the  musculsu*  tissues,  and  they  suggest  that 
sarcosine  and  the  two  homologues  yet  unknown,  between  this 
substance  and  leucine,  may  be  detected  in  the  products  of  these 
transformations  of  the  animal  matters,  which  yield  glycocoU  and 
leucine. 

M.  Laurent  in  a  late  memoir,*  has  shown  that  glycocoU  may  be 
regarded  as  the  amid  of  an  acid  which  is  C^  H,  O^,  and  differs 
from  the  acetate  only  by  two  equivalents  of  oxygen.  For  this 
acid  he  proposes  the  name  of  glycocollic;  glycocoU  will  then  be 
glycolamic  acid.  Mr.  Horsford,  by  the  action  of  chlorine  upon 
a  solution  of  glycocoU,  obtained  a  substance  which  gave  with 
chlorid  of  barium  a  crystallized  salt,  to  which  he  ascribes  the  for- 
mula CjHgOj,  BaO,t  but  as  M.  Gerhardt  has  remarked,  an 
equivalent  of  the  carbon  would  be  retained  by  the  baryta  as 
a  carbonate,  and  that  making  a  correction  for  this,  the  numbers 
obtained  lead  to  C,  H,  O.,  BaC=C,  H,  BaO,  which  is  that  of 
the  barytic  salt  of  glycocollic  acid. 

This  new  genus  is  homologous  with  the  carbonates,  and  sus- 
tains the  same  relation  to  the  acetate,  as  the  carbonic  Cj  H,  O. 
does  to  formic  acid.     Carbonic  acid  is  the  type  of  a  series  of 

♦  AnnaL  de  Chim.  et  de  Phys,,  May,  1848,  p.  111. 
t  AnL  Jour.  ScL,  Nov,  1847,  p.  827 
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acids,  including  the  gly^cocollic  which  are  bibasic ;  the  glycocolls 
are  then  monamids  of  bibasic  acids,  and  while  they  possess  the 
power  of  combining  with  acids,  like  alkaloids,  have  still  an  atom 
of  saline  hydrogen  so  that  they  may  combit>e  alike  with  nitric 
acid  and  nitrate  of  silver.  The  nitrate  of  glycocoll  is  indeed  a 
copulate  of  two  monobasic  compounds,  and  thus  in  accordance 
with  M.  (jierhardt's  law  of  saturation  necessarily  bibasic. 

The  glycocolls  are  isomeric  with  urethane  and  nrethytane,  those 
singular  compounds  discovered  by  M.  Dumas  by  acting  with  am- 
monia and  upon  the  chlorocarbonic  ethers  of  ethylic  and  methyiic 
alcoliol. 

Glycocoll  is  isomeric  with  ureihylane,  and  sarcosine  with  ure- 
thane ;  leucine  corresponds  in  the  same  manner  to  the  unknown 
iiramylane.  The  late  researches  of  Wurtz  upon  the  cyanic  ethers* 
have  made  known  some  other  new  substances  which  sustain  inti- 
mate relations  to  these  bodies.  I  have  shown  some  time  since, 
that  water  is  to  be  regarded  as  the  homologue  of  the  alcohols, 
aiki  that  consequently  the  ethers  are  homologous  with  their  parent 
acidSjf  and  M.  Wurtz  has  found  that  as  cyanic  acid  combines  with 
ammonia  and  produces  urea  C^  H^  NjO,,  a  body  pertaining  to 
the  formic  series ;  the  cyanic  ethers  give  rise  by  the  same  action  to 
two  new  compounds  which  have  the  formulas  C^  H^  N,  O^  and 
Cg  H,  Ng  O,  and  are  the  ureas  of  the  acetic  and  metacetic  series. 

The  action  of  water  upon  the  cyanic  ethers  is  not  less  remark- 
able ;  carbonic  acid  gas  is  disengaged  and  crystalline  substances 
are  formed  which  are  soluble  in  alcohol  and  water.  The  reac- 
tion is  dependent  upon  the  assimilation  of  the  elements  of  water 
and  is  thus  represented, 

2C,  H3  NO, -h2HO=2C03+C,  H,  N,  O, 
2C,H,NO,+2HO=2CO,+C,,H,,N3  0,. 

The  first  of  these  has  the  composition  of  metacetic  urea,  and 
th€  second  that  of  valerianic  urea,  but  the  substance  thus  obtained 
from  the  cyanomethylic  ether  differs  from  the  true  metacetic  urea 
in  its  properties,  and  M.  Wurtz  hence  regards  these  new  bodies 
as  constituting  an  isomeric  group. 

We  have  then  in  the  urethanes  and  the  glycocolls,  the  ureas 
and  the  new  compounds  of  Wurtz,  two  groups  of  isomeric  bodies 
which  present  some  interesting  relations.  If  the  glycocolls  are 
the  monamids  of  their  peculiar  acids,  the  new  compounds  of 
Wurtz  are  equally  their  binamids. 


Acids. 


Glycocolle.      C'(>iiip«,  ol  Wiiit>5.(  1Inaliaii<-8. 


Porniic  series,  C2  H2  Os 
Acetic  "  C^  H4  Og 
Metacetic  "  C^  Hg  Oe 
Butyric  «  .  Cg  Hg  Oe 
VaU,Tiauic "  CioHjoOe 
C>pttHc      **    'CjaHiaOe 


unknown. 
!*    H5    NO4 

unknown. 

CigHi  3NO4 


unknown. 
Cfl   Hg   N2O2 

unknown. 
C10H12N2O2 

unknown. 


C2H4N2O21 

C4HSNO4C4H6N2O2! 

C6H7N04,C6H8N202 

unknown.  I   unknown. 


*  Chem.  Qnzettc,  Oct  I6U1,  from  Comptes  Rendus,  Aug.  28tb,  1848 
t  Thi^  Jour,  March,  1848,  p.  265. 
SECO.ND  Seeueb,  VoL  IX,  No.  25.— Jan.,  1860.  9 
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Tbe  farther  researches  of  Wurtz  uponthe  decompoeition  of  the 
ureas  will,  I  think,  enable  us  to  understand  more  clearly  tbe 
nature  of  these  bodies.  The  formic  urea,  by  the  action  of  a 
solution  of  potash,  is  resolved  into  carbonic  acid  and  two  equiva- 
lents of  ammonia;  acetic  urea,  which  differs  from  it  by  C,  H,, 
is  decomposed  in  a  similar  manner  and  yields  one  equivalent  of 
ammonia  and  one  of  a  new  alkaloid  homologous  with  it,  which 
is  represented  byC,H,N.  The  transformation  maybe  thus 
represented : 

Formic  urea,  C,H,N,0,+2KH0,^C,K,0,+NH,+NH.. 
Acetic  urea,    C,H.N,0,+2KH03=C,K,0,+NH3+C,H3N. 

In  the  same  way  raetacetic  urea  yields  C  ^  H ,  N ;  these  alkaloids 
sustain  to  their  respective  alcohols  the  same  relation  that  ammonia 
does  to  water.  The  action  of  potash  upon  the  cyanic  ethers  has 
enabled  M.  Wiu-tz  to  obtain  two  new  bodies  in  a  state  of  purity  ; 
for  as  the  ureas  consist  of  these  ethers  with  the  addition  of  NH ,, 
we  can  easily  see  that  the  decomposition  of  the  latter  will  give  the 
alkaloids  unmixed  with  ammonia.  The  discoverer  has  described 
them  under  the  names  of  methylamid  and  ethylamid,  but  me- 
thylamine  and  ethylamhie  are  more  consonant  with  the  nomen- 
clature adofUed  for  the  alkaloids.  The  first  is  a  permanent  gas, 
and  the  second  a  very  volatile  liquid,  both  having  a  strong  odor 
of  ammonia,  powerfully  alkaline  and  caustic;  they  precipitate 
metallic  solutions,  and  form  with  acids,  crystaliizable  salts,  which 
are  distinguished  by  their  ready  solubility  in  hot  absolute  alcohol.* 
M.  Dumas  suggests  that  from  their  similarity  of  odor,  they  may 
often  be  mistaken  for  ammonia,  when  evolved  in  organic  trans- 
formations. 

It  now  becomes  important  to  consider  what  will  be  the  results 
of  the  action  of  alkalies  upon  the  isomeres  of  the  ureas,  and  the 
other  bodies  which  we  have  placed  beside  them.  M.  Wurtz,  at 
the  time  when  he  described  the  first,  had  not  discovered  these 
new  alkaloids,  and  in  his  subsequent  memoir  does  not  appear  to 
have  submitted  them  to  experiment.  It  will  probably  be  found 
that  their  decomposition  yields  ammonia  only  and  not  the  new 
alkaloids,  and  that  the  difference  between  metacetic  urea  and 
its  isoraere  is  that  while  the  latter  is  the  binaraid  of  the  acid 
Cg  H,  Og,  the  former  (as  appears  from  the  results  of  its  decom- 
position) is  the  amido-ethylaniid  of  carbonic  acid. 

The  urelhanes  will  probably  be  found  to  yield  methylamine  and 
cthylamine  by  the  action  of  potash,  but  it  is  otherwise  with  their 
isomeres,  the  glycocolls ;  Liebig  has  found  that  leucine  evolves  am- 
monia and  hydrogen  by  the  action  of  hydrate  of  potash  and  forms 
a  valerianile.   Horsford,  on  the  other  hand,  observed  the  evolution 

*  Cbem.  Gazette,  Maroli  Ibih,  from  Compt.  Rend,  Feb.  12lh,  1849. 
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of  ammonia  and  hydrogen  by  that  agent  from  glycocoll,  and 
fonnd  in  the  residue  an  oxalate ;  its  analogy  with  leucine  would 
.  lead  us  to  expect  formic  acid,  but  Peligot  has  shown  that  a  formiate 
when  fused  with  excess  of  potash,  is  converted  with  the  evohition 
of  h]rdrogen  into  an  oxalate,  so  that  the  product  of  Mr.  Horsford's 
experiment  was  the  result  of  a  secondary  action. 

When  thus  regarded,  the  isomerism  of  these  two  classes  of 
bodies  is  already  explained ;  it  is  precisely  that  which  exists  be- 
tween the  acetic  methylic  ether  and  the  formic  ethylic  ether^  two 
bodies  scarcely  distinguishable  but  by  the  action  of  an  alkali, 
which  converts  the  one  into  an  acetate  and  methol,  and  the  other 
iDto  a  formiate  and  alcohol ;  the  number  of  these  isomeres  is  only 
limited  by  the  want  of  the  higher  alcohols.  It  follows  then  that 
there  does  not  exist  a  homologue  of  urea  in  the  first  family,  for 
here  in  this  primitive  species'  the  two  groups  are  confounded,  and 
farther  it  appears,  that  as  we  rise  in  the  scale  the  number  of  pos- 
sible isomeres  is  greatly  increased.  In  the  third  family  we  have 
regarded  the  compound  of  Wurtz  as  the  binamid  of  the  acid  of 
that  family,  while  the  new  urea  is  an  amido*ethylamid  of  the  acid 
of  the  first  family  ;  there  may  equally  exist  a  bimethylamid  of 
carbonic  acid  or  an  amido-ethylamid  of  glycocollic  acid,  all  of 
which  will  be  isomeric  with  metacetic  urea.  The  discovery  of 
these  new  alkaloids  enables  us,  by  combining  the  elements  (CH) 
in  various  ways,  to  increase  tiie  number  of  homologues  and  iso- 
meric substances  to  an  extent  which  is  almost  inconceivable. 

The  action  of  nitrous  acid  upon  urea  is  well  known  to  result  in 
its  conversion  into  nitrogen  and  carbonic  acid,  which  is  at  once 
deconoposed  into  water  and  an  anhydrid,  and  a  similar  process  has 
been  adopted  by  Piria  in  his  beautiful  researches  upon  asparagine  ; 
he  has  demonstrated  that  in  this  way  many  amids  are  readily 
decomposed  into  nitrogen  and  a  non-azotized  body. 

A  similar  process  applied  to  glycocoll,  sarcosine  and  leucine, 
would  probably  enable  us  to  eliminate  the  acids  of  that  series,* 
while  the  decomposition  of  the  urethanes  and  higher  ureas  as 
well  as  the  new  alkaloids  under  its  action,  still  presents  a  curious 
nibject  for  investigation. 

MoD^eal,  May  22d,  1849. 

*  M.  Gahoun  has  obaeryed  in  the  memoir  above  quoted,  that  when  leucine  is 
treated  with  ozrdizing  agents  or  expo8ed  to  the  air  in  solution,  it  is  decomposed  with 
the  evolution  of  a  very  disagreeable  odor,  and  the  formation  of  an  acid  which  he  eup- 
po*es  may  be  a  homologue  of  the  glycocollic,  and  he  suggests  that  sarcosine  by  a 
r  prooees  may  aiibrd  the  lactic  acid.    But  here  he  appears  to  be  in  error,  for  the 


neutral  lactates  are  represented  by  C ,  2  H ,  q  Mj  O  ^  2»  (^e  H ,  0  M2  Oe*  Gerhardt,) 
while  in  the  same  notation,  sarcosine  is  Cq  H7  NO 4.  'fhe  lactic  Ls  consequently  pol- 
ymeric of  the  aarcosie  acid  which  in  M.  Oerhardt's  notation  will  be  C o  Hg  63.  Lactic 
acid  has  hitherto  beoi  described  as  monobasic,  but  Engelhardt  and  Maddsell  in  their 
late  researches  upon  ita  salts,  (Licbig*s  AnnaL,  Ixiii,  p.  88,)  arrive  at  the  conclusion 
that  it  \i  bibasic,  apparenUy  ignorant  that  M.  Gerhardt  had  long  before  announced 
the  same  thing,  (Precis,  tome  ler,  p.  596.)  ^ 
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Art.  XH. — On  Perfect  Musical  Iniimaiion.  and  the  fundamen- 
tal Laws  of  Music  on  which  U  depends,  with  remarks  showing 
the  practicability  of  attaining  this  Perfect  Intonation  in  the 
Organ :  by  Henry  Ward  Poole,  Worcester.  Massachusetts. 

1.  This  paper  will  treat  only  of  one  department  of  the  science 
of  music — ^the  laws  which  fix  the  tune  of  all  musical  scales,  and 
determine  all  musical  intervals.  Any  one,  who  is  at  all  conversant 
with  the  musical  discussions  of  the  last  few  centuries,  will  per- 
ceive that  this  is  but  partly  explored  and  disputed  territory,  where 
eminent  scientific  writers  have  entertained  different  opinions, 
while  aU  have  agreed  in  admitting  the  fact,  that  there  ever  have 
been,  and  still  are,  difficulties  and  imperfections  in  the  musical 
scale,  as  executed  on  organs,  piand  fortes,  &c.,  which  no  one 
has  yet  shown  how  to  overcome.  It  is  with  the  belief  that 
he  has  overcome  these  difficulties  and  is  able  to  throw  light  on 
this  abstruse  and  unsettled  department  of  the  science,  in  a  prac- 
tical point  of  view,  that  the  writer  proposes  to  discuss  it.  Very 
little  on  this  subject  reaches  the  eye  of  the  theoretical  and  prac- 
tical musician.  In  our  elementary  musical  works  it  is  either 
omitted,  or  if  treated,  is  not  understood  ;  indeed  the  writer  is  not 
aware  of  a  treatise  in  which  it  is  fully  or  correctly  discussed. 

2.  It  is  a  singular  fact,  that  while  the  human  ear  delights  in  pure 
harmony,  (as  performed  by  voices,  violins  and  other  instruments 
without  fired  scales f)  and  while  improvement  has  been  made  in 
every  other  science  and  mechanical  art,  the  organ  of  the  present 
day  has  all  the  imperfection  of  intonation  which  pertained  to  that 
instrument,  four  centuries  since.  For  so  long  a  period  has  this 
imperfection  existed,  that  it  has  come  to  bo  considered  as  neces- 
sary, not  only  in  this  instrument,  but  by  many  it  is  believed  to  be 
inherent  in  all  music.  Instead  of  remedying  the  difficulty  by 
introducing  the  sounds  requisite  to  form  the  several  scales  (played 
in)  perfect,  and  inventing  such  mechanism  as  would  bring  these 
sounds  under  the  ready  control  of  the  organist,  resort  has  been 
had  to  "  temperament,"  which  allows  but  one  sound  for  G#  and 
Ab,  which  maizes  the  same  note  answer  for  A,  the  sixth  of  the 
key  of  C,  and  A,  the  key  note  of  three  sharps,  which  flats  every 
fifth,  sharps  every  major  third,  and  leaves  every  musical  interval 
(with  the  exception  of  the  octave)  more  or  less  out  of  tune. 

3.  Various  attempts  have  been  made  during  the  last  three  cen- 
turies to  remedy  the  above  difficulty,  and  to  reduce  the  apparent 
imperfections  of  the  musical  scale  to  a  scientific  and  mathematical 
basis.  Salinas  wrote  on  the  subject  as  early  as  1577,  and  the  folio 
volume  of  Father  Mersenne  was  published  in  French  and  Latin 
in  1648.  These  plans  were  to  be  effected  by  multiplying  finger 
keys,  which  of  course  would  augment  fearfully  the  difficulty  of 
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eorreet  perfornrance.  In  1811,  two  patents  were  taken  mit  in 
England  for  "improyements  in  instruments  with  fixed  scales," 
an  account  of  which,  with  drawings,  will  be  found  in  Lond. 
Phil.  Mag.,  vols.  37,  38  and  39.  These  were  improvements  ia 
temperament  only,  without  aiming  at  perfect  intonation.  Mr. 
Hawkes's  system  had  seventeen  sounds  in  the  octave ;  Mr.  Loesch- 
man's  had  twenty-four  sounds.  There  were  mechanical  as  well 
as  theoretical  diificalties  necessarily  connected  with  these  instriH 
BEieiits,  which  were  fatal  to  their  ever  coming  into  practical  use. 
Rev.  Henry  Listou,  the  learned  author  of  the  article  '^  Music"  in 
the  Edinbiu^h  Encyclopaedia,  has  done  more  in  this  department 
than  any  other  writer.  His  '^  Essay  on  Perfect  Intonation,"  in 
ooe  volume  quarto,  was  published  in  London  in  1812.  He  also 
invented  au  organ  designed  to  give  the  diatonic  scales  in  perfect 
tune,  which  was  built  by  the  eminent  organ-builders,  Flight  and 
Robson,  of  London.  This  was  an  instrument  of  great  ingenuity, 
but  as  the  inventor  was  a  theorist  rather  than  a  mechanician,  there 
were  mechanical  difficulties  which  alone  would  have  been  fatal 
to  it  as  a  practical  instrument  To  enable  one  pipe  to  give  dif- 
ferent sounds,  Mr.  Listou  employed  **shaders,"  which,  arranged 
in  classes  and  worked  by  pedals,  were  brought  over  the  tops  of 
the  open,  and  mouths  of  the  stopped,  pipes,  to  alter  their  pitch. 
It  is  hardly  necessary  to  remark  that  such  mechauism  was  im- 
pcacticable ;  as  its  correct  performance  required  au  accuracy  of 
motion  which  was  incompatible  with  the  material  and  the  nature 
of  the  instrument  Thero  were  also  other  mechanical  difficulties 
io  his  instrument,  as  well  as  errors  and  omissions  in  his  theory, 
(of  which  we  shall  hereafter  speak,)  that  interfere  with  its  claim 
of  being  an  instrument  of  perfect  iniencUion.  Its  harmony,  how- 
ever, was  superior  to  that  of  the  tempered  organs,  and  is  thus 
spoken  of  by  John  Farey,  Sen.,  in  the  London  Phil.  Mag.,  voL 
37,  p.  273. 

"Sir:  In  your  27th  vol.,  206  p.,  I  endeavored  to  call  the  at- 
tention of  Lord  Stanhope  and  other  patrons  of  musical  improve- 
ments, to  the  perfecting  of  an  organ  capable  of  performing  in 
perfect  tune.  *  *  *  It  gives  me  great  pleasure,  therefore,  to  be 
ible  to  state  that  the  above  is  no  longer  a  matter  of  doubtful 
speculatioQ ;  but  that  myself  and  several  others  have  heard  an 
organ  thus  perfected  by  the  Rev.  Henry  Liston ;  the  exquisite 
effects  of  which,  particularly  in  accompanying  vocal  music,  far 
exceeded  all  that  Maxwell  aj|d  myself  had  written  or  perhaps 
conceived  of  the  harmony  of  such  an  instrument.'' 

Mr.  Liston  deserves  great  credit  for  what  he  did  accomplish, 
and  we  feel  much  more  inclined  to  praise  him  for  this,  tha^n  to 
speak  of  what  he  did  not  do.  He  himself  frankly  acknowl- 
edges the  imperfections  of  his  efforts,  and  concludes  his  essay 
as  follows  : 
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"  After  all,  the  subject  is  but  just  begun.  I  have  been  led  to 
travel  in  some  beautiful  regions,  unknown  to  such  as  had  con- 
fined themselves  to  the  highway.  But  larger  discoveries  remain 
yet  to  be  made  by  those  who  shall,  with  more  zeal  and  better 
qualifications,  follow  out  the  track  in  which  it  has  fellen  to  my 
lot  to  go  a  little  way  before  them." 

4.  The  manner  in  which  the  subject  of  the  musical  scale  and 
musical  intervals  is  disposed  of  in  our  elementary  treatises,  is 
discreditable  to  music,  as  claiming  to  be  a  science.  It  is  evident 
that  the  fundamental  basis  of  music  is  not  understood  by  those 
who  attempt  to  teach  the  science.  If  it  were  necessary  to  cor- 
roborate this  statement,  we  could  refer  to  the  blind  and  mysteri- 
ous manner  in  which  "  temperament"  is  treated  by  modern  theo- 
retical writers.  In  this,  which  is  simply  an  arbitrary  substitution 
of  a  false  note  for  two  or  more  true  notes,  some  writers  have  seen 
an  "inexhaustible  fountain  of  variety,"  "awful  grandeur,"  and 
"exquisite  beauty,"  while  an  English  writer  calls  it  an  "  inexplica- 
ble difficulty  which  no  one  has  attempted  to  solve ;  the  Deity 
seems  to  have  left  music  in  an  unfinished  state,  to  show  his  in- 
scrutable power"  !*  Temperament  is  an  arrangement  of  economy 
by  which  a  small  number  of  sounds  (usually  twelve  to  the  oc- 
tave) are  made  to  answer  (imperfectly  of  course)  for  the  much 
larger  number  which  would  be  required  to  give  music  in  tune  in 
the  usual  number  of  keys.  This  arrangement  was  originally 
submitted  to,  merely  for  the  accommodation  of  the  instrument" 
maker  and  the  player.  So  long  as  no  mechanism  had  been  in- 
vented by  which  more  than  twelve  sounds  could  be  managed  by 
the  organist,  temperament  was  necessary  in  instruments  of  this 
class,  but  this  reason  no  longer  exists,  as  we  shall  show  further 
on  in  this  paper.  Temperament  has  always  been  considered,  by 
the  great  masters,  as  an  evil  attendant  upon  the  "  present  imper- 
fect state  of  instrumentation,"!  and  hence  they  preferred  that  their 
instrumental  music  should  be  performed  by  skillful  artists  on  vio- 
lins and  other  instruments  which  admit  of  perfect  intonation ;  and 
these  have  held,  to  the  present  day,  their  rank  as  the  leading  and 
most  important  instruments  in  the  orchestra.  It  would  have  in- 
structed a  composer  like  Beethoven,  or  an  artist  like  Paganini,  to 
have  heard  of  the  scale  of  a  modem  German  theorist,  KoUmann, 
which  he  calls  the  "scale  of  nature,"  consisting  "of  twelve  sounds 
in  the  octave  placed  at  equal  distances,"  on  which  "  wonderful 
compound  of  twelve  diatonic,  chiomatic,  enharmonic  scales  in 
one,"  he  declares  "all  modern  music  depends."  The  somewhat 
voluminous  treatise  of  Gottfried  Weber,  on  "musical  composition," 
has  recently  been  translated  in  this  country,  and  has  been  praised 
as  a  scientific  work.     The  basis  from  which  Weber  attempts  to 

♦  Gardiner's  Music  of  Nature,  p.  483,  Boat,  ed.,  1837.  f  Beethoven. 
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explain  musical  intervals  is  the  key-board  of  a  piano  forte! 
Ao  ioterral  is  the  distance  of  one  piano-key  from  another*  He 
defines  a  fifth  thus:  ''a  fifth  is  an  interval  of  five  places." 
When  we  consider  that  a  common  piano,  with  twelve  notes  in 
the  octave,  is  never  in  tune,  cuad  cannot  bjr  any  possibility  be 
put  in  tone,  the  value  of  such  explanations  is  obvious.  If  be 
had  defined  his  intervals  by  reference  to  the  fumi  or  trumpet,  as 
thus — that  the  interval  between  the  lowest  and  the  second  notes 
given  by  the  horn  is  an  octave-— that  the  interval  between  the 
second  and  third  notes  is  a  perfect  fifth,  and  so  on — ^his  definitions 
could  have  been  depended  on,  as  the  horn  will  always  (if  prop- 
erly blown )  give  its  intervals  exactly  thus.  But  so  far  from  attempt- 
ting  to  establish  his  theory  on  any  scientific  or  mathematical  basis, 
be  distinctly  declares,  ^'  that  it  is  not  susceptible  of  such  an  estab- 
blishment,  or  at  least,  has  thus  far  failed  of  proving  itself  to  be  so." 
5.  The  writer  of  this  paper  is  of  opinion  that  music  is  as  sus- 
ceptible of  a  systematic  and  mathematical  basis  as  chemistry,  as- 
tronomy, or  any  other  science — that  what  are  called  the  ^^  mys- 
teries" and  ''  imperfections"  of  the  musical  scale  contain  in  tbem 
nothing  that  is  mysterious  or  imperfect — that  temperament  is  no 
longer  necessary,  and  would  be  as  useful  applied  to  a  multiplica- 
tion table  as  to  a  musical  scale — that  the  same  sound  can  no 
more  correctly  represent  C^  and  Db,  than  the  number  62  can  cor- 
rectly represent  the  two  products  of  6  into  10,  and  8  into  8 — that 
music  is  much  better  given  in  tune  than  out  of  tune — that  the  fun- 
damental principles  in  this  department  of  the  musical  science  are 
simple,  and  can  be  expressed  in  a  moderately  concise  manner.  The 
writer  is  also  of  opinion,  that  many  theoretical  and  practical  musi- 
cians will  look  with  surprise  and  incredulity  on  these  statements, 
but  he  can  assure  them  that,  if  they  will  follow  him  patiently  and 
candidly  through  this  paper,  their  first  impressions  of  his  opinions 
will  be  essentially  modified.  It  may  be  replied  that  the  mechanism 
of  the  oi^n  is  already  sufficiently  complicated,  without  the  addi- 
tion of  more  sounds  and  more  machinery ;  and  that  however  true 
the  writer's  theory  may  be,  there  are  mechanical  difficulties  which 
render  the  construction  and  playing  of  a  perfect  instrument  im- 
practicable. If  the  writer  was  not  an  organ-builder  by  profession, 
and  had  not  already  overcome  all  difficulties  that  have  or  can  be 
suggested,  he  might  be  confounded  by  such  an  objection  \  but 
since  he  has  not  only  perfected  a  theory,  but  constructed  and  pat- 
ented an  instrument  on  the  basis  of  his  theory,  (which  gives  its 
chords  in  perfect  tune ;  whose  mechanism  is  simple  and  practica- 
hie;  which  has  a  common  key-board  and  can  be  played  by  any 
organist  sufficiently  acquainted  with  his  profession  to  know  what 
smle  or  key  his  music  is  in  :)  he  appeals  with  confidence  to  his 
instrument  to  justify  him  in  the  views  which  he  has  already, 
and  shall  express.  Some  further  reference  to  this  instrument  will 
be  made  in  the  latter  part  of  this  paper. 
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6.  The  writer  would  remark  as  the  conclusioii  of  his  kitrodwc- 
tion,  that  no  one,  in  the  present  unsettled  state  of  the  niusical  sci- 
ence, can  expect  to  become  thoroughly  acquainted  with  ks  funda- 
mental principles,  unless  he  will  experiment  and  think  for  himself. 
He  will  constantly  meet  with  the  errors  of  the  theorists,  and  if 
he  cannot  detect  these  for  himself,  he  will  find  himself  in  per- 
petual darkness.  Reasoning  on  musical  science  is  not  different 
from  reasoning  on  any  other  science.  We  must  interrogate  nah 
ture,  and  follow  where  she  leads  us,  notwithstanding  the  time- 
honored  opinions  of  the  theorists.  As  an  illustration  of  this  we 
may  refer  to  the  "  chord  of  the  seventh,"  which  consists  of  a 
common  chord  with  a  certain  seventh  added.  If  we  inquire 
what  this  seventh  is,  we  are  informed  by  all  the  theorists  that  it 
is  a  fourth  above  the  fourth^  and  that  its  ratio  is  9 :  16.  Upon 
trial,  this  combination  we  find  very  discordant  and  disagreeable. 
If  we  ask  a  good  natural  singer  to  give  the  note,  he  gives  it  most 
readily  and  naturally  4: 7,  a  little  lower  than  the  note  laid  down 
in  the  books,  and  this  note  (4: 7)  we  find  most  natural  and  har- 
monious in  the  chord.  A  theory  should  be  made  from  the  music 
and  not  the  music  from  the  theory. 

7.  We  find  by  experiment  that  if  two  or  more  sounds  heard 
together,  are  in  the  rapidity  of  their  vibrations  in  a  svfficientlff 
simple  ratio,  their  relations  are  perceived  by  the  ear,  producing 
an  agreeable  sensation,  and  this  effect  we  call  harnonv. 

8.  If  we  take  a  series  of  sounds,  the  ratios  of  whose  vibrations 
are  as  the  following  numbers,  1 : 2 : 3 : 4 :  5 : 6 :  7 :  8 : 9 :  lU,  &c., 
we  have  the  notes  which  will  produce  a  series  of  chords,  which 
commencing  with  the  most  simple,  will  gradually  become  more 
and  more  complicated,  until  the  ear  can  no  longer  perceive  their 
relations :  when  this  point  is  reached  they  will  cease  to  produce 
chords  and  harmony.  Any  ratio,  neither  of  whose  terms,  (when 
reduced,)  is  larger  than  10,  will  produce  a  chord  appreciable  by 
the  ear.  The  extent  to  which  the  relations  of  chords  can  be 
perceived,  will  vary  of  course  in  different  persons  according  to 
the  delicacy  of  the  ear,  and  hence  it  may  not  strictly  be  said  that 
there  is  any  absolute  point  where  chords  cease  and  discords  com- 
mence, yet  as  our  written  music  contains  no  chord  whose  ratio  is 
expressed  in  higher  terms  than  ten,  and  as  this  last  ratio  9: 10  is 
certainly  near  the  farthest  limits  of  our  perception,  we  may  prop- 
erly consider  that  all  chords  must  have  the  terms  of  their  ratios 
within  this  limit.  It  may  be  added,  that  though  one  or  both  of 
the  terms  be  larger  than  10,  yet  if  by  dividing  either  or  both  by 
2,  the  quotient  is  brought  within  the  limit  above  mentioned,  they 
will  still  produce  harmony :  e.  g.  the  chord  5 :  12  is  5:6  or  a 
minor  third,  the  highest  note  of  which  is  raised  an  octave. 

9.  We  shall  then  consider  any  combination  of  sounds  which 
are,  each  to  every  other  of  the  combination,  as  the  ratios  ex- 
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pceased  Vy  the  numbers  above,  (viz.,  1:2:3,  &^.,  to  10,)  as  har- 
foonious.  Here  is  the  fouataiQ  head  from  which  an  abundant 
variety  of  harmonies  may  be  drawn,  which  can  be  used  by  the 
composer  at  his  pleasure.  To  all  sounds  used  in  combination, 
which  do  not  come  within  the  class  just  named,  we  give  the 
name  of  discordant.  Whether  such  combinations  shall  be  used, 
is  left  entirely  to  the  taste  of  the  composer ;  we  only  insist  on 
this,  that  we  shall  not  call  them  harmony. 

10.  To  the  chords  produced  by  the  above  ratios  have  been 
given  names  as  follows : 


1:2  —  Octave. 

2:3  — Perfect  Fifth. 

3:4  —  Perfect  Fourth. 

4:5  —  Major  Third. 

5:6  — Minor  Third. 

6:7  —  >  These  two  chords  have 

7:8  —  )  not  been  named.* 

8:9  —  Major  Tone. 

9:10  — Minor  Tone. 


By  combining  these  numbers 
differently  we  obtain  different 
chords,  e.  g. : 

3:5  —  Major  Sixth. 

5:8  —  Minor  Sixth. 

4:9  —  Major  (or  Perfect )  Ninth. 

4 : 7  —'Perfect  Seventh. 

5:7—  ^Chords  derived  from 

7:9   —  >the  Perfect  Seventh, 

7: 10 —  Nand  not  named. 


11.  All  these  chords  are  produced  from  four  prime  numbers^ 
viz.,  2,  3,  5,  and  7.  The  prime  2  produces  the  octave^  the  prime 
3,  the  perfect  fifthy  the  prime  5,  the  major  thirds  and  the  prime  7, 
the  perfed  seventh.  As  no  prime  number  can  be  produced  from 
others,  by  any  multiplication  or  division,  so  no  ehord^  produced 
by  one  prime  number,  can  be  obtained  from  another  chord  pro- 
duced by  a  different  prime — e.  g.,  we  cannot  by  tuning  a  series 
o(  fifths  ever  obtain  the  oe^ar^  of  the  original  note,  neither  by 
tuning  ^A^,  can  we  obtain  a  m^ijcr  third,  nor  from  either  or  both 
of  these  chords  (thirds  and  fifths)  can  we  produce  a  perfect  sefh 
enih,  Ecu:h  are  original,  prime  chords,  not  resolvable  one  into 
the  other.  From  the  neglect  of  these  simple  mathematical  prin- 
ciples result  much  of  the  mystery  and  fallacy  connected  with 
temperament.  It  is  attempted  in  temperament  to  produce  a 
major  third  from  a  series  of  four  fifths,  or  what  is  the  same  thing, 
an  alternate  series  of  ascending  fifths  and  descending  fourths. 


^5 


*  It  is  remarkable  that  scaroelj  any  mention  has  been  made  in  mnsioal  treatises  of 
tiie%  two  beautiful  and  important  chorda.    They  are 
fcood  in  the  chord  of  the  Serenth.    In  this  chord  ap- 
pear C,  £,  6,  Bbt  And  C,  whose  yibrations  are  as  these 

■ombere,  tiz.,    0  E  G  &  C.     Thus  it  will  be  seen 
that  the  ratioa  ofGtoBbiBas6:7  and  the  ratio  of  ~^ 

BiytoCisasltoS.    The  chord  4 : 7  we  have  called  ' 

Omb  Perfect  Seventh,  and  for  the  same  reason  that  the  perfect  fifth  was  so  named. 
We  have  not  caUed  it  the  minor  serenth,  as  the  ratio  of  the  minor  Beventh  has 
always  been  stated  80  £ur  as  we  have  seen  to  be  9 :  16. 
SiocwD  Snuxa»  VoL  IX,  Na  36.— Jan.,  1850.  10 
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B.  g.  that  1 X  }  X I  X I X  J  fc=  J  or  {f »  JJ.  Again  it  is  supposed 
that  a  similar  series  of  twehe  fifths  will  end  upon  the  oc^xve  : 
e.  g,y  that  lx|x|x}xjx|x^x|xixixf x|xi«:i  or 
llf  j}^a|  or  624288  »  53 1441.  But  the  mathematics  cannot  be 
tampered  with  in  this  manner  with  impimity,  neither  can  the 
musical  scale,  which  is  founded  upon  them.  The  result  of  this 
mutilation  is,  (as  might  naturailjr  be  supposed,)  the  destruction  of 
pure  harmony  and  melody  in  the  tempered  music 

12.  The  question  has  been  raised  whether  ratios  which  con* 
tain  the  prime  seven  should  be  considered  ftarmwric  A  standard 
elementary  treatise  before  us  contains  the  following :  ''  Higher 
primes  than  5  enter  into  no  harmonic  ratios:  such  combina- 
tions for  instance  as  1:7,  5:7,  or  6:7,  are  altogether  discord- 
ant. *  *  *  *  The  ear  will  not  endure  them,  and  cannot  rest 
upon  them."* 

The  most  certain  method  of  determining  the  quality  of  any 
harmonic  combination,  is  by  an  appeal  to  the  ear.  The  com- 
binations must  first  be  heard,  and  the  ear  must  decide  upon 
them.  Although  combinations  which  contain  the  prime  7  are 
continually  occurring  in  the  performances  of  good  singers  and 
violin  players,  yet  it  might  be  difficult  for  one  unfamiliar  with 
them  to  know  when  they  occur.  If  it  be  proposed  to  try  them 
upon  an  instrument,  it  must  bo  one  of  perfect  intonation ;  net 
a  common  organ  or  piano-forte,  which  cannot  give  the  chords 
referred  ta  It  is  probable  that  the  writer  quoted  above,  never 
heard  (knowing  when  he  heard  them)  the  combinations  he  con- 
demns. The  writer  of  this  paper  has  special  facilities  for  the 
experiment  in  question,  inasmuch  as  he  has  at  hand  an  instni- 
ioent  of  perfect  intonation,  upon  which  the  effect  of  these,  or  any 
ether  combioatioos  can  be  tried.  On  the  evidence  of  bis  owa 
ears  and  those  of  every  musician  who  has  heard  them,  he  mutt 
pronounce  them  altogether  harmonious  and  pleasing.\ 

♦  Prof.  Benf.  Peirce,  "  On  Soond,"  §  99. 

f  We  have  admitteJ  in  our  system  no  prime  higher  than  deven.  The  qoestioa 
may  be  asked,  why  the  higher  primes,  as  11,  18,  17,  19,  28,  Acx,  shoi:^  be  exclu- 
^af  The  only  an-^wer  is,  that  they  'produce  ratios  too  complicated  for  the  ear 
to  appreciate.  These  primes,  ond  the  combinations  prodncea  by  them,  are  vat- 
doubtedly  natural — they  belong  to  the  extended  iicience  of  music — and  would  be 
useful  were  our  ears  sufficiently  delicate  to  appreciate  them.  But  although  nature'9 
harmonieM  are  iUunitable^  there  iti  a  liiMt  to  human  p«re€ptiwii  of  them.  If  any  one 
is  curious  to  investigate  this  matter,  he  can  satkify  himself  by  attempting  to  tm%e 
one  of  these  remote  primes,  as  the  Uth,  for  instance,  which  will  be  the  easiest  of 
the  whole.  As  this  cannot  be  obtained  from  the  other  more  simple  chorda,  (octaTee, 
fifths,  thirds,  or  sevenths,)  it  must  be  tuned  as  an  eUvmih  at  once  in  a  chord  as  fol- 
lows, 8:11,  9:11  or  10: 11,  dn.  If  it  be  found  impossible  to  tune  it,  it  will  cer- 
tainly be  impossible  to  use  it  in  hannony  or  melody.  If  any  one  uige,  how- 
ever, that  any  of  these  primes,  as  the  11th  for  example,  should  be  used  in  praetieal 
taOBic  for  human  ears,  and  find  that  he  can  appreciate  it,  (or  in  other  words 
fvn«  it»  or  know  when  H  is  ^n  ttme,)  we  wiU  agree  that  it  may  be  used  by  himself 
and  those  who  poaeeaa  equally  delicate  4 
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13.  A  Scale  is  a  series  ef  sounds,  oblaiped  from  tbe  abore  hwpr 
monic  relations,  arrangsd  in  the  order  of  their  acuteness,  and  it 
contains  the  notes  required  for  the  melodies  and  harmonies  of 
the  eomposition  for  which  it  is  used. 

14.  The  niATONic  soai«e  is  composed  of  $even  distinct  notes, 
(the  eighth^  being  the  octave,  is  regarded  as  a  repetition  of  the 
first)  It  is  formed  by  combining  the  chords  of  perfect  fifth, 
(2:3,)  and  major  third,  (4:5,)  and  it  contains  all  the  intervals 
and  chords  which  have  been  named,  with  the  exception  of  those 
derived  from  the  perfect  seventh.  Assuming  C  as  a  key-note, 
this  scale,  in  the  vibrations  of  its  several  notes,  stands  as  follows : 

CD  EP  G  A  BC 

Eey-wic.  Second.  Third.    Fourth.  Fifth.  Bixth.         Seventh.    Octave. 

24       :       27     :     30  :  32       :        36     :     40     :      45   :   48 

Mi^T.  MiikT.         S.  Mi^T.  Mta.T.         Maj.T.  S. 

15.  On  examining  the  relations  of  these  numbers,  we  find 
the  intervals  which  separate  the  several  notes  of  the  soale.  The 
latio  of  24 :  27  or  8 : 9,  gives  the  interval  between  the  first  and 
second  notes,  which  is  called  major  tone.  The  ratio  of  27 :  M) 
or  9: 10,  gives  the  interval  between  the  second  and  third  notes, 
which  is  called  minor  tone.  The  interval  by  which  the  major 
tone  exceeds  the  minor  is  called  comma^  whose  rat  jo  is  80:81. 
The  ratio  of  30 :  32  or  15 :  16,  expresses  the  interval  between  the 
third  and  fourth  of  the  scale,  and  it  is  called  diatonic  semitone  or 
simply  semitone,  diatonic  being  understood.  From  the  fourth  to 
the  fifth,  and  from  the  sixth  to  the  seventh,  is  the  same  as  from 
the  key*note  to  the  second,  i.  e.,  major  tone.  From  the  fifth  to 
the  sixth  is  the  same  as  from  the  second  to  the  third,  i.  e.,  minor 
tope,  and  from  the  seventh  to  the  eighth  is  the  same  as  from  the 
third  to  the  fourth,  i.  e.,  diatonic  semitone. 

16.  Besides  the  diatonic  semitone,  there  are  used  in  composi- 
tion two  others,  resulting  from  taking  the  diatonic  semitone  from 
either  tone.  If  it  be  subtracted  from  the  major  tone,  it  leaves 
what  is  called  the  chromatic  semitone^  and  if  taken  from  the  mim$r 
tone,  there  femains  the  grave  ehretnaiic  semitone,  eomma  less 
than  the  chromatic 

17.  If  from  any  note,  as  key-note,  there  be  taken  a  perfect  Jiftk 
•od  major  third,  the  three  notes  sounded  together  will  produee  a 
cpmmon  chord.  These  notes  are,  in  their  vilNratioas,  as  these  num^ 
bees,  viz.:.  4:5:6.  U  to  this,  thB  perfect  seventh  (4:7)  be  added, 
we  have  the  chord  of  the  seventh,  expressed  thus,  4:5:6:7. 
Adding  the  octave,  the  ch<»^  becomes  4:5:6:7:8.  To  this 
may  be  added  the  major  ninth  (4:9)^  producing  this  chord,  vii:. : 
4:5:6:7:8:9.  Audi  finally,  by  adding  the  tenth,  (or  octave  and 
major  third),  we  obtain  this  chord,  viz. :  4 : 5 : 6 :  7 : 8 : 9 :  10.  By 
adding,  below  the  key-note,  the  donbleHactave,  its  octave  and 
twelfth,  we  have  what  may  be  called  the  fidl  chord  of  the  t^tSk^ 
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viz.:  1:2:3:4:6:6:7:8:9:10.  AH  of  thefte  chords  are  per- 
fectly harmonious,  and  in  all  respects  appreciable  by  the  ear. 
The  last  contains  within  itself  every  musical  chord  and  har- 
mony, that  can  be  obtained  from  ratios  whose  terms  do  not  ex«* 
eeed  ten.     Examples  of  these  chords,  as  written,  we  here  exhibit. 


^g^ 


The  vibrations  in  the  various  ratios  of  the  full  chord  of  the 
tenth  may  be  represented  to  the  eye  by  the  following  diagram. 


E.10  • 

j 

D.  9  i 

i 

C.    8  • 

Bb.7  ' 

{ 

O.   6  i 

J 

t 

S.    5  < 

i 
C.   4  ; 

G.   8  i 


C.  2  i 

c.  li 


«     I     •   .  • 

I      •      • 

«       • 


ilO  J 

;       |>  MiNQH  Toy^ 

1      >  Majoe  Tonk. 
i      ]  Seoond(?) 

I         )  DiMINlSHCD 

I      f  Third  (?) 
•       )  Minor 
j       j"  Third. 

;  6  j  Majoe 
i      IThieo. 

Fourth. 


n 


•A 

I       V  Fifth. 

i      >  Octave. 
i   1  ' 


Assuming  any  length  of  time,  for  a  single  vibration  of  the  lowest 
note,  it  is  evident  that  the  other  several  notes  of  the  chord  will 
in  the  same  time  perform  vibrations,  equal  in  number  to  the  num- 
bers expressing  their  ratios  respectively ;  and  that  at  the  expira- 
tion of  this  time,  the  vibrations  of  every  note  will  coincide  with 
each  other.  There  are  also  points  within  this  assumed  time  in 
which  two,  three,  four  or  more  of  these  notes  will  coincide  in  their 
vibrations.  These  coincidences  are  represented  in  the  diagram  by 
dotted  lines.  By  means  of  the  diagram,  the  vibrations  of  any  other 
chord,  as  the  common  chord,  the  chord  of  the  seventh,  ninth,  &c., 
may  be  examined,  as  they  are  all  contained  in  the  full  chord  of 
the  tenth.  The  difference  in  the  effect  of  the  different  chords  is 
seen  in  the  less  frequent  coincidences  in  the  more  complicated 
chords.    Thus  the  octave  is  much  more  simple  than  the  major 
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tone,  for  the  reason  that  every  Tibration  of  one  of  its  notes,  coin** 
cides  with  every  second  vibration  of  the  other,  while  in  the 
major  tone  it  is  necessary  that  that  one  note  perform  eighty  and 
tfie  other  time  vibrations  before  there  is  any  coincidence.  And 
from  this,  will  appear  the  increased  difficahy  in  tunings  as  the 
chords  become  more  comph'cated. 

18.  Prom  the  introduction  of  the  perfect  seventh  is  obtained 
another  interval,  viz. :  the  difference  between  the  Jburth  of  the 
scale,  and  the  dominant  sevenihj  (i.  e.  the  perfect  seventh  upon  the 
fifth  of  the  scale.)  In  this  ex- 
ample, we  have  a  melody  in 
which  these  two  notes  appear. 
At  a,  Bb  is  the  fourth  of  the 
scale  of  F,  while  at  6,  it  is  the 
perfect  seventh  to  C ;  and  the 
last  Bb  is  lower  than  the  first 
by  aboat  a  comma  and  a  quar- 
ter.    Consequently  in  singing 

the  melody  with  the  accompa-  *  ®       ^  "^ 

niment  as  written,  ihe  voice  will  give  the  second  Bb  lower  than 
the  first  by  that  interval.  It  will  be  found  on  experiment,  that  a 
good  natural  singer,  if  asked  to  sing  the  melody  with  this  accom- 
paniment, will  naturally,  and  no  doubt  unconsciously,  make  the 
distinction  referred  to. 

19.  As  it  has  been  stated  that  musical  ratios,  in  order  to 
be  harmonious,  must  not  exceed  a  certain  limit  of  simplicity, 
the  question  naturally  arises,  shall  no  other  notes  be  heard  to- 
gether in  music  but  those  which  have,  each  to  every  other, 
these  simple  ratios?  Abundant  examples  can  be  selected  from 
the  best  composers,  in  which  notes  are  heard  together,  which 
make  more  complicated  ratios,  and  which  cannot  be  regarded 
as  kanneniaus.  To  illustrate  this  we  take  the  following 
example.  With  the  chord  of  the 
dominant  seventh  as  accompa-  i: 
niment,    are  heard  at  the   same 

time  the  notes  D,  C#,  D  and  D#.  *^-g " — '^' 

The  melody  in  the  first  and  third         Igl  -'(O 

notes  is  in   harmony    with    the 

accompaniment.  But  though  C#  and  D^  appear,  while  the 
chord  is  sounding,  they  can  make  no  harmony  with  it.  Neither 
are  they  discordant.  The  ear  regards  the  progression  of  these 
notes  as  parts  of  the  melody,  and  only  reqnires  that  the  melodic 
intervals  (diatonic  and  chromatic  semitones)  be  given  truly,  with- 
out regarding  the  ratios  which  the  accidentals  make  with  the 
accompanying  chord.  In  other  words,  these  are  passing  notes, 
which  have  nothing  to  do  with  the  harmony,  and  are  to  be 
thrown  out  when  we  would  find  the  notes  which  compose  the 
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chord.    Many  apparently  complicated  combkiatioiii  rtaCf  be  made 
simple,  by  attending  to  this  department  of  passing  noies. 

20.  There  is  a  certain  combination  of  sounds,  which  has  oocii^ 
pied  a  separate  department  of  most  treatises.  It  is  called  the 
^' chord  of  the  diminished  seventh,"  and  is  supposed  to  possess 
some  peculiar  and  extraordinary  (^lities.  It  would,  of  coiuve, 
not  be  treating  this  chord,  which  has  received  so  much  atten- 
tion hitherto,  with  proper  respect,  to  pass  it  over  in  silence.  It  is 
defined  to  be,  and  undoubtedly  is,,  exactly  like  the  chord  of  the 
seventh,  with  the  exception  that  the  lowest  note  (of  the  chord  of 
the  seventh)  is  in  the  '^ diminished  seventh,"  raised  achromatic 
semitone.  It  is  supposed  that  there  exists  in  this  combination  a 
''  Aarfnony"  which  is  peculiar*  and  altogether  different  from  that 
found  in  the  chord  of  g^  ,  £,  ^ 

the  seventh.   In  the  first     ^      «      * 
example,  the  first  chord 
is  the  common  chord  of 
G.     It  is  intended  to 


m^^Mm 


pass  from  this  to  the  minor  chord  of  A.  Now,  althongh  we 
might  pass  from  the  chord  of  G,  directly  to  that  of  A,  it  is  judged 
expedient  to  have  the  melody  of  the  lowest  part,  instead  of  as* 
oending  by  a  whole  tone  at  onco,  ascend  by  two  steps,  viz.,  a 
chromatic  and  diatonic  semitone.  The  G^  introduced,  does  not 
belong  to  the  harmony,  but  is  merely  a  passing  note.  The 
matter  is  very  easily  understood  in  this  first  example.  The  sec- 
ond example  is  precisely  like  the  first,  with  the  exception  that 
the  seventh  has  been  added  to  the  chord,  and  it  would  have  beea 
equally  easy  to  understand,  had  not  the  subject  been  darkened  by 
the  "words  without  knowledge,"  of  the  theorists  who  have 
written  on  the  "diminished  seventh."  For  if  in  the  first  exam«* 
pie,  Gi^'  is  a  passing  note,  why  should  its  effect  be  changed  by 
the  addition  of  the  seventh  to  the  chord  ?  It  is  stated  by  the 
theorists  that  the  root  of  the  chord  at  a  is  G,  but  that  at  b  (when 
G  is  changed  to  G#)  the  root  changes  to  E.  Now,  as  by  the 
root  of  a  chord  is  meant  a  note  with  which  the  remaining  notes 
will  be  in  a  simple  ratio,  and  will  harmonize^  we  will  inquire 
how  this  root^  E,  major  third  below  G#,  will  harmonize  with 
the  other  several  notes  of  the  chord.  The  ratios  of  the  vibra- 
tions of  these  several  notes  will  be  as  follows : 
From  these  ratios  we  see  that     «  ^ix        u        r\        v^ 

E  will  be  discordant  with  F,    ^o  of       qo       -So       a<> 

(making  the  ratio  20:42,  or    ^^  ^^        ^^       -^^       ^^ 

10:21),  and  G#  will  be  discordant  with  D  and  F   (25:36, 


*  Wm.  Gardiner,  in  his  "  Music  of  Nature,**  gives  the  following  as  his  idea 
of  this  chord.  "  If  foiu*  minor  tliirds  (I)  be  combined,  they  form  the  chord  of  tlie 
extreme  Sat  wventh,  which  excites  in  ns  fear  and  alarm,  beeau»e  it  is  a  clatter  of 
06un«b  indicatiDg  rage  and  ferocity.  These  tones  escape  us  in  the  ebullitions  of  our 
worst  passions,  and  4ire  heard  in  tJie  savage  murmurs  of  wild  bea.st*.'* 
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uid  95:43),  making  aitogett^r  not  very  harmowieHs  ^'har- 
mony."  Indeed,  the  difficulty  of  treating  the  chord  in  this 
manner  has  caused  considerable  dtseussion,  which  some  have 
endeavored  to  surmount,  by  calling  it  a  '*  dissonant  chord,"  or 
** dissonant  harmony  P^  It  is  stated,  (and  with  reason,)  that 
"this  root  B  must  not  be  heard  in  the  chord,  as  it  is  disciord- 
ant.'*  It  is  certainly  remarirable  if,  in  this  chord  alone,  the  root 
does  not  happen  to  be  in  harmony  with  the  other  members  of  tht 
chofd.  But  if  Git  be  considered  as  a  paaeing  note,  we  shall  at 
once  be  sure  as  to  what  the  chord  is.  The  root  will  be  6,  and  every 
note  (with  the  exception  of  G#,  the  passing  note,  which  must 
be  thrown  out  when  we  reckon  the  harmony,)  is  in  perfect 
tune  with  it,  in  a  simple  and  harmonious  chord,  viz.,  4:5:6:7. 
And  this  Gr#  appears  to  us  as  plainly  to  be  a  passing  note,  through 
which  the  mdody  of  the  lowest  part  passes  from  G  to  A,  (ror 
after  this  note  we  always  have  A,)  as  that  D^H^  is  a  passing  note 
from  D  to  B,  in  the  example  given  in  (19.)  In  this  example,  in 
the  chord  at  a,  it  would 

probably    be     admitted   -^2 — ^ — TZT — "^n     i€    ""fj 
without  dispute  that  G#  "*"     ■  "     '    "       -       '^^ 

was  merely  a  passing 
note ;  and  why  it  should 
be  considered  as  any 
thing  else,  when  it  ap- 
pears at  ft,  could  not,  we 
think, .  easily  be  made 
manifest.  We  shall  there- 
fore consider  that  there  is  no  different  harmomf,  in  what  has 
been  called  the  '<  chord  of  the  diminished  seventh,"  than  exists 
in  the  ''chord  of  the  seventh ;"  and  for  this  reason,  that  all  the 
harmony  it  contains  is  derived  from,  and  found  in,  the  chord  of 
the  seventh. 

21.  Among  the  many  mistakes  and  incongruities  into  which 
the  theorists  have  been  led  by  the  temperament  of  the  scale,  and 
their  constant  habit  of  referring  all  omnbinations  to  the  key-board 
of  the  piano-forte  or  organ,  is  the  following  idea  in  regard  to  tnis 
"diminished  seventh."  It  is  supposed  that  a  chord  of  the  di- 
minished seventh  contains  the  sounds  which  belong  to  four  di^ 
ferent  and  remote  scdes,  and  thus  connects  them  together.  Here 
are  examples  of  four  of  these  chords  in  the  keys  of  C,  Eb,  A, 
and  F# ;  they  are,  as  will  be  seen,  the  chords  of  the  dominant 
sevenths  of  those  keys,  with  the  lowest  notes  raised  a  chromatic 
semitone. 
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It  is  supposed  that  each  of  these  Ibar  choids  containB  the 
same  identical  sotinds :  and  on  the  piano-forte,  it  is  impossible 
to  obtain  any  other  than  the  same  sounds,  in  the  four  different 
keys.  These  four  chords  have  therefore  been  allowed  to  be 
one  and  the  same  thing.  Mention  is,  indeed,  made  of  the 
'^enharmonic  chang^^  of  G#  to  Ab,  F  to  Eff,  D  to  C+,  &c.  J 
but  as  on  the  piano  forte  it  is  impossible  to  make  any  change — 
that  instrument  having  but  one  sound  to  answer  for  the  two  or 
more,  which  appear  in  the  written  music — the  idea  has  prevailed 
that  the  change  is  merely  imaginaryj  and  that  the  alteration 
in  the  mode  of  writing  the  note,  is  made  only  to  prevent  one 
key  from  being  mistaken  for  another,  in  the  appearance  of  the 
written  music  to  the  eye.  But  the  truth  is,  that  in  per/eci  inr 
Umation^  an  enharmonic  change  always  means  the  alteration 
of  a  note  by  a  small  interval.  And  not  only  are  enharmonic 
changes  made  when  the  written  music  shows  a  shxtrp  changed 
to  a  J?a/,  and  vice  vers&j  but  changing  the  signature  will  often 
produce  an  enharmonic  change.  This  point  will  be  more  fully 
illustrated  when  we  have  spoken  of  transposition  and  modulation, 
and  explained  our  system  of  notation.* 

22.  As  musical  composition  would  be  very  limited  in  variety, 
if  confined  to  a  single  scale  or  key,  other  scales  have  been  con- 
structed on  new  key-notes,  separated  one  from  the  other  by  inter- 
vals of  perfect  fifths,  and  from  these  key-notes,  the  remaining 
notes  of  each  scale  are  placed  at  the  same  intervals  which  were 
adopted  in  the  construction  of  the  original.  If  we  take  the  fifth 
of  any  scale  as  the  key-note  of  a  new  scale,  aud  complete  it  with 
^e  same  intervals  as  the  first,  we  shall  find  that  two  sounds  will 
be  introduced  which  were  not  found  in  the  original  scale.  We 
take  for  example  the  diatonic  scale  of  C,  and  assuming  its  fifth 
G  as  key-note,  complete  the  scale  of  G.  •  The  second  of  this 
scale  will  be  A,  and  from  G  to  A,  or  the  first  to  the  second,  must 
be  a  major  tone^  ( 15. )  On  examining  the  scale  of  C,  ( 14)  we  find 
that  the  A  of  that  scale  is  but  a  minor  tone^  from  G.  We  must 
therefore  introduce  a  new  A,  a  comma  higher  than  the  first,  and 
a  major  tone  from  G.  Every  other  note  of  the  C  scale  is  correct 
for  the  G  scale  with  the  exception  of  F,  which  must  be  raised  a 
chromatic  semitone  to  F#,  to  form  the  seventh  of  the  scale  of  G. 
In  general,  the  scale  may  be  transposed  to  any  extent  by  the  fol- 
lowing rules. 

*  The  writer  has  been  led  ioto  this  di^^ressioti  cm  the  subject  of  the  **  diminished 
seventh,"  from  the  fact,  that  it  has  been  treated,  as  be  considers  erronoously,  in  all  the 
scientific  musical  works  that  have  fallen  under  his  observation,  and  it  has  been  urged 
as  an  objection  to  a  sjstem  of  perfect  intonation.  Since  the  article  was  in  type,  a 
friend  of  extensive  musical  study  informs  him,  that  such  views  as  Weber  and  oth- 
ers have  ei^reseed  on  the  diminished  neventh,  have  been  rejected  by  Yogler  and  the 
best  Qerman  theorists. 
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23.  T9  trauBfOBe  the  weak  to  the  ^^ih  cAaoe;  the  sixth  muet 
he  raised  a  comma,  and  the  fourth  a  ohbomatic  skmitone  te 
form  the  sbcoho  and  seventh  of  the  new  acale. 

And  to  transpose  it  to  the  fifth  below,  the  proceae  must  be  re* 
versed :  i.  e. :  the  second  must  be  lowered  a  comma,  and  the  sev- 
enth a  chromatic  semitone,  to  form  the  sixth  and  fourth  of 
the  new  scale. 

24  By  this  system  of  transposition  we  obtain  two  or  more 
different  notes  expressed  by  the  same  letter — two  A's  for  in- 
stance, as  we  have  shown  above.  To  make  it  obvious  to  the 
eye,  which  of  several  notes  of  the  same  letter  belongs  to  any  re- 
quired scale,  we  have  adopted  the  following  system  of  notation. 
Every  note  of  the  diatonic  scale  of  C,  we  mark  with  a  figure  2 ; 
9s  thus:  CS  D«,  E«,  F%  G»,  A%  B^  0^  When  in  transposi- 
tion  one  of  these  notes  is  raised  a  comma,  enharmonically,*  it 
is  marked  with  the  higher  number  3 ;  and  when  it  is  lowered  a 
comma  it  is  marked  with  1.  Thus  A'  will  signify  a  note  a 
comma  higher  than  A',  the  A  of  the  C  scale ;  and  D*,  a  note  a 
comma  lower  than  D'.  The  sharps  and  flats  will  also  be  marked 
2,  when  they  first  appear  in  transposing  from  C  to  the  keys  above 
and  below.  We  now  exhibit  the  scales  of  C,  and  of  G  and  F, 
whose  key-notes  are  the  fifths  above  and  below  C,  with  the 
names  of  the  notes  of  each,  and  their  intervals.  It  will  be  seen 
that  the  order  of  the  intervals  from  the  key-note  is  vmde  the 
same  in  each,  by  the  alteration  of  the  two  notes  in  each  adjoin^ 
iog  scale. 


Scale  of 
G.  1« 

.4 

6 

6 

t 

Key. 

2           3 

.rl".  1  MinorT.  | 

4 

1  Maj»' 

r.   iMnorT.  1  Major  T.  | 

S.    1    Majo 

S.    1 

c» 

D» 

E» 

f#« 

G' 

5 

A» 

6 

B» 

7 

C» 

Scale  of 
C.  H 

.Eet. 

2 

3 

4 

8 

1   Major' 

T.   1  MinorT.  1 

S.    1  Majoi 

•T.  1  Minoi 

rT.|    Major  T.   | 

s.  1 

Fs 

G« 

C» 

Scaled 
P.  lb 

.5 

6 

7 

Ket. 

2 

3 

4 

6 

1  MinorT.  |   Majoi 

■T.  1 

a    1  M>qor 

T.|  MinorT.  1     S 

I.    IMajo. 

rT.  1 

c» 

D' 

E» 

F' 

G» 

A' 

BD» 

c» 

25.  The  following  table  exhibits  the  diatonic  scales  from  five 
flats  to  five  sharps.  The  table  might  have  been  extended  both 
above  into  more  sharps,  and  below  into  flats  without  limit ;  and 
any  number  of  signatures  might  have  been  thus  obtained ;  but 
we  have  here  given  but  eleven  of  those  most  frequently  used. 

*  Ad  Enharmonie  change  is  a  change  by  any  interval  smaller  than  a  chromatic 
or  diatoaic  interval,  as  for  instance,  the  difference  between  the  major  and  minor 
tam— between  Q#  and  A^ — the  fourth  of  a  scale  and  its  dominant  seventh,  die 
llieee  enharmonic  changes  are  not  usually  expressed  in  notation,  except  by  the 
tiputure,  but  they  are  necessary  to  perfect  intonation,  to  brinff  the  music  '*into 
harauay,'*  whidi  is  implied  in  the  derivation  of  the  term,  tv  and  apfiovlo^ 

Swon  Snun,  Yd.  IX,  Na  26.— Jaa,  1860.  11 
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In  addition  to  the  diatonic  scales,  we  haire  added  three  colarnns, 
▼iz.,  the  leading  notes  or  sevenths  of  the  fninar  scales — the  perfect 
sevenths — and  the  dominant  sevenths,  (or  the  perfect  sevenths 
upon  the  dominants.) 


Bignatam. 

1 

K«Y   1  Miyor 

1 

tSS,. 

H 

IJ 

P«rfeet 
Fourtbt. 

Perfect 
Fifths 

1, 

Major 
SiztkiL 

1^ 
^1 

Hijor 
•atk. 

1 

5  Sharps. 

B»     C#9 

m' 

E7    jEa 

F#3 

P+»G#« 

AT 

A*» 

B» 

4  Sharps. 

E»    F#8 

G*» 

A7      A3 

B»     B#>C+f2 

DT 

D#2 

E» 

3  Sharps. 

A»     B« 

c#» 

D7     D2 

E3       E#VF#3   07 

G#» 

A» 

2  Sharps. 

D»    'E» 

F#' 

G7    iG2 

A3      'a#»B2       C7 

c#» 

G» 

1  Sharp. 

G*    |A» 

B» 

CT    C 

D2   yi,E2  ;P7 

F#» 

Natural. 

Ca     Y)a 

E" 

FT      F» 

G2    G#HAa 

Bbr 

Ba 

C» 

1  Flat. 

F«     \G' 

A" 

B^'Bb* 

C« 

c^i|Di 

fibT 

E» 

F» 

Bb» 

Eb« 

2  Flats. 

B\,'>  C 

D» 

Eb7,Eb» 

F2 

F#lG» 

AbT 

A* 

3  Flats. 

Eb»  \F' 

G> 

A^TlAb" 

Bb^JB*     C»       D»>7 

D> 

4  Flats. 

Ab»  Bb« 

C> 

Dl>TDb* 

Eb^  E*    IF*      Gt>7 

G> 

Ab» 

5  Flats, 

Db»  Eb» 

F' 

Gb7 

Gb^ 

Ab'L^   iBbHcb^l 

C> 

bb» 

In  the  above  table,  the  colnmn  marked  ^*  major  sixths,"  con- 
tains also  the  key-notes  of  the  minor  scales.  These  key-notes, 
as  will  be  seen,  are  a  comma  lower  than  the  notes  of  the  same 
letter,  which  are  key-notes  of  major  scales^  e.  g.,  the  key-note  of 
C  minor  (being  the  relative  minor  of  Eb,  in  the  scale  of  three 
flats)  is  C *,  comma  lower  than  C».  the  key-note  of  C  major ^  in 
the  natural  scale.  Consequently  the  leading  notes  of  the  minor 
scales  (which  are  diatonic  semitone  below  their  key-notes,  and 
major  third  above  the  major  third  of  the  relative  major  scale,)  are 
lower  than  the  key-notes  of  the  major  scales  by  the  same  inter- 
val, viz.,  a  comma.  In  the  column  of  ^'  perfect  sevenths,"  and 
'^  dominant  sevenths,"  the  figures  are  attached  to  the  letters  arbi- 
trarily, and  not  according  to  the  system  adopted  for  the  others, 
(24)  Being  derived  from  a  prime  different  from  the  notes 
of  the  diatonic  scale,  they  will  not  vary  from  them  by  even  com- 
mas. They  are  marked  7,  and  their  pitch  is  about  a  comma  and 
a  quarter*  below  that  of  the  letters  of  the  same  name  in  the' col- 
umn of  ^'  perfect  fourths,"  and  each  is  always  used  (as  a  seventh 
only)  in  one  chord  and  no  other. 

26.  Having  explained  our  system  of  notation,  and  having  before 
us  a  table,  which  contains  the  exact  relative  pitch  of  every  note, 
in  eleven  major,  and  eleven  minor  scales,  we  are  prepared  to  re- 
cur to  the  illustration  we  gave  concerning  the  *'  diminished  sev- 


*  The  ratio  of  this  interyal  is  S8 :  64,  and  oonseqaently  Uurger  than  the  comma, 
SO -.81. 
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enth,"  (21.)  We  again  give  the  ej:am(de,  and  also  place  below 
the  notes,  as  given  in  the  table.  It  will  be  seen  that  each  of  the 
chords  is  entirely  different — that  not  a  note  found  in  any  one  of 
the  chords,  is  found  in  any  other. 


J-#-<s> 


pr 


rgqi-feziz: , 


ICI#. 


:g: 


CMxioiL 

G* 


B« 
Ga 


zr±z: 


:t 


^ 


27.  We  find  it  stated  in  certain  theoretical  treatises,  "  that  the 
major  and  minor  keys  of  the  same  letter,"  (as  C  major,  and  C 
minor)  "  are  nearly  related,  inasmuch  as  the  two  tonic  chords  are 
alike,  with  the  exception  of  the  third,  and  both  have  the  same 
dominant  chord."  We  will  write  the  tonic  and  dominant  chords 
of  C  major  (in  the  natural  scale,)  and  of  C  minor  (in  three  flats,) 
and  from  the  table,  ascertain  the  notes  of  each.  We  find  the  notes 
of  the  two  keys  entire- 
ly different,  and  conse- 
quently C  major  is  not 
related  to  C  minor,  ex- 
cept in  the  fourth  de- 
gree, through  the  fol- 
lowing keys,  viz. :  F, 
Bb,  Eb,  and  C  minor. 
As  upon  the  keyed  instruments,  it  has  been  necessary  to  use  the 
same  sounds  in  C  major  and  C  minor,  the  writers,  referred  to, 
were  led  to  make  the  statement  we  have  quoted.* 

(To  be  emtmuetL) 


CMlNOB. 

Eba 


G» 


Akt.  XnL — AnaUpes  of  several  Minerals  ;  by  William  Fisher. 

The  following  analyses  were  performed  in  the  Laboratory  of 
Pirof.  Booth,  whose  guidance  in  their  performance  I  acknowledge 
with  pleasure. 

L  Oreen  sand  ftom  New  Jersey,  a  few  miles  southeast  of  Phila- 
delphia. It  is  blueish  green,  soft  and  adhesive  when  moist,  in 
large  and  hard  grains  when  dry,  and  containing  a  trifling  admix- 
ture of  quartz  sand.    The  analysis  was  performed  in  the  usual 

*  A  description  of  the  Euharmonic  Organ  is  neoeesarily  postponed  to  the  next 
Dumber  of  the  JoumaL  The  instrument,  however,  in  a  few  days,  will  be  set  up  in 
Boston,  and  wiU  be  eidiilnted  with  pleasure,  to  those  who  are  interested  in  the  pro- 
pm^  oi  mumalwcMoee.    The  writer  will  be  finmd  at  No.  18,  North  BufsellstreeU 
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manner  of  a  soluble  silicate,  the  soda  and  potassa  being  separated 
by  chlorid  of  platinum.  Phosphoric  acid  was  careftiUy  sought 
for  by  several  processes  and  by  repeated  trials  without  success. 
The  following  are  the  results : 

Silica, 63-26 

Alumina, 3*85 

Protoxyd  of  iron, 24*15 

Magnesia, 1*10 

Lime, 1-73 

Soda, 1-60 

Potassa, 6-36 

Water, 1012 

10112 

2.  Vivianite  from  the  green  sand  of  Delaware,  about  four  miles 
west  of  Cantweirs  Bridge.  The  beauty  of  the  crystals,  and  the 
similarity  of  some  of  the  specimens  with  Thompson's  mullicite 
induced  me  to  iuvestigate  them.  The  mineral  is  perfectly  crys- 
tallized in  oblique  rhombic  prisms,  with  several  terminal  planes, 
and  a  brilliant  cleavage  parallel  to  a  lateral  end  plane.  Although 
the  prismatic  planes  reflect  a  good  image,  yet  their  intervening 
edges  are  rounded  like  the  apatite  from  Rossie,  N.  Y.  When 
first  obtained  from  the  green  sand,  the  crystals  were  perfectly  col- 
orless, but  in  the  course  of  some  weeks  changed  to- a  light  green 
color,  still,  however,  retaining  their  transparency.  The  phos- 
phoric acid  was  separated  both  by  sulphuret  of  ammonium  and 
by  fusion  with  potassa,  and  the  state  of  oxydation  of  the  iron 
was  ascertained  by  solution  in  muriatic  acid  apart  from  the  air 
and  by  carbonate  of  baryta.     The  results  are  : 

Phosphoric  acid, 27*17 

Protoxyd  of  iron,         .        .        .        .  4410 

Water,    .......  27-95 

Silica, 010 

The  analysis  shows  that  the  formula  is  that  given  to  vivianite. 
In  a  late  number  of  his  Annual  Report,  Berzelius  calculated  a  diflfer- 
ent  formula  from  a  partial  peroxydation  of  the  iron ;  but  the  above 
well  crystallized  specimen  indicated  only  a  slight  amount  of  oxy- 
dation, and  the  change  in  color  of  the  mineral  after  removal  from 
the  green  sand,  indicated  this  oxydation.  The  true  formula  is 
therefore  3FeO,  PO,  -I-8H0. 

3.  Oamety  from  Pranconia,  New  Hampshire.  Part  of  the 
specimen  exhibited  the  usual  characters  of  colophonite,  but  the 
projecting  points  of  some  of  the  coarse  grains  showed  the  crys- 
tallization of  garnet  in  a  combination  of  the  24-hedron,  and 
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with  carbonate  of  soda,  gare : 

Silica,     .        .        .        .        .        .        .    38-86 

Peroxyd  of  iron,                           .        .        28-15 
Lime, 3200 

It  therefore  agrees  with  the  purest  lime-iron*gamet,  and  its 
formula  is  30aO,  SiO, +Fe,  O3,  SiO,. 

4  ChondrodUey  from  New  Jersey.  Some  very  dark  red  speci- 
mens appearing  to  indicate  the  presence  of  oxyd  of  zinc,  which 
occurs  so  abundantly  in  that  mineral  district,  the  analysis  was 
chiefly  undertaken  to  determine  this  point.  The  fluohydric  acid 
was  determined  by  fusion  with  carbonate  of  soda,  and  by  subse- 
quent treatment  of  the  aqueous  solution  by  oxyd  of  zinc,  sal-am- 
nioniac,  ammonia  and  chlorid  of  calcium.  The  results  corres- 
ponded with  one  of  Rammelsberg's  analyses  and  the  absence  of 
zinc  was  fully  proved.    The  analysis  gave : 

Silica, 33-36 

Magnesia, 6306 

Protoxyd  of  iron, 6-60 

Fluorine, 7-60 

99*50 
The  formula  is  therefore  MgF+2  (3MgO,  SiO,),  in  which  a 
portioD  of  the  magnesia  is  replaced  by  protoxyd  of  iron. 


Art.  XIV. — Memorials  of  John  Bariram  and  Humphry  Mar^ 
fhallj  with  notices  of  their  Botanical  Contemporaries,  by  Wm. 
Dablington,  M.D.,  LL.D.,  pp.  686,  8vo.    Philad.,  1849. 

It  is  pleasant  to  see  these  memorials  of  our  two  patriarchs  in 
natural  history,  the  two  earliest  native-bom  and  self-taught  Amer- 
ican botanists.  And  fit  it  is  that  the  dutjr  of  rescuing  these  re- 
mains from  oblivion  and  flist  approaching  decay  should  have  fallen 
to  the  lot  of  one  who  has  such  a  genuine  fondness  for  these  old 
records,  and  to  whom  the  task  of  deciphering  and  editing  them 
is  truly  a  labor  of  love.  Dr.  Darlington,  the  pupil  of  Barton,  who 
flowished  one  fiill  generation  after  Bartram  and  Marshall,  now 
lanks — 80  rapid  is  the  flight  of  time — among  the  oldest  of  our 
surviving  botanists,  though  with  eye  undimmed  and  natural  force 
unabated,  still  ready  for  every  good  work. 

In  the  Reliquia  Baldwiniana^  he,  several  years  ago,  paid  a 
fitting  tribute  to  the  memory  of  the  friend  and  companion  of  his 
youth ;  the  leisure  hours  of  the  last  year  and  more  have  been  de- 
voted to  collatiog,  copying  with  his  own  hands,  and  editing  the 
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mouidering  and  often  hardly  legible  correspondence  of  these 
earliest  cultivators  of  his  favorite  science  in  his  native  state,  and, 
we  believe,  the  earliest  indigenous  botanists  of  the  new  world. 

Instead  of  elaborating  anew  the  materials  for  a  biography  of 
the  elder  Bartram,  Dr.  Darlington  has  reproduced  the  meagre 
sketch  which  was  prepared  by  his  son  William,  and  published  in 
Barton's  Medical  and  Physical  Journal  in  the  year  1804,  as  in 
the  main  more  reliable  than  any  other.  Its  incompleteness,  how- 
ever, may  be  gathered  from  the  fact,  that  it  does  not,  nor  does 
any  other  pubUshed  biography,  mention  the  name  of  Bartram's 
fitther,  ''  nor  could  any  of  his  descendants,  enquired  of  by  the 
editor,  furnish  that  name,  neither  could  they  give  the  exact  date 
of  the  botanist's  birth!"  These  desiderata  are  now  supplied, 
through  Dr.  Darlington's*  diligence,  and  the  kindness  of  a  friend 
who  obtained  them  from  the  ancient  records  of  Darby  Monthly 
Meeting.  It  appears  that  he  was  born  "  near  the  village  of  Darby, 
in  Delaware  (then  Chester)  County,  Pennsylvania,  on  the  twenty- 
third  day  of  March,  1699 ;  that  his  great-grandfather,  Richard 
Bartram,  lived  and  died  in  Derbyshire,  England ;  leaving  an  only 
son,  John,  who  married  in  Derby,  lived  for  some  years  in  the 
town  of  Ashbom,  and  in  1682 — the  year  in  which  the  city  of 
Philadelphia  was  founded — emigrated  to  Darby,  Pennsylvania, 
with  three  sons,  two  of  whom  died  unmarried.  The  third,  Wil- 
liam, was  the  father  of  John  Bartram  the  botanist. 

The  latter  received  such  scanty  education  as  the  country 
schools  of  the  colony  furnished ;  and  he  appears  to  have  obtain* 
ed,  through  his  own  endeavors,  some  elementary  acquaintance 
with  Latin  and  Greek ;  but  not  until  his  taste  for  natural  history 
was  developed,  which,  however,  must  have  been  early  in  life. 
For  he  was  still  a  young  man  when  he  removed  from  the  farm  he 
had  inherited  from  his  uncle,  and  purchased  a  piece  of  ground  on 
the  Schuylkill,  near  Philadelphia,  for  the  establishment  of  the 
well  known  garden  that  bears  his  name,  and  built  with  his  own 
hands  (A.  D.  1731)  the  large  and  comfortable  house  of  hewn 
stone  which  is  still  standing,  and  which  Dr.  Darlington  has  de- 
picted in  a  large  wood-cut  which  forms  the  frontispiece  of  his 
volume.  To  him  is  attributed,  we  believe  justly,  the  credit  of 
having  been  ''  the  first  Anglo-American  who  conceived  the  idea 
of  establishing  a  botanical  garden  for  the  reception  of  the  various 
vegetables,  natives  of  the  country  as  well  as  of  exotics ;  and  of 
travelling  for  the  discovery  and  acquisition  of  them."  He  cer- 
tainly established  the  first  garden  of  the  kind  in  this  country,  and 
filled  it  with  our  choicest  plants  and  trees,  then  in  great  part  novel 
to  botanists.  It  was  not  his  fault  that  it  was  not  the  nucleus  of 
a  public  institution,  endowed  through  the  wealth  and  spirit  of  a 
prosperous  metropolis,  inst^  of  sloping  into  neglect  and  becom- 
ing the  site  of  a  coal-yard. 
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''  He  began  bis  trarels  at  bis  own  expense.  His  vmriotis  ex* 
enrsioiis  fewarded  his  labors  with  the  possession  of  a  great  variety 
of  new,  beautiful  and  useful  trees,  shrubs  and  herbaceous  plants. 
His  garden  at  length  attracting  the  visits  and  notice  of  noany 
virtuous  and  ingenious  persons,  he  was  encouraged  to  persist  in 
his  labors."  This  naturally  led  to  a  correspondence  with  the 
naturalists  of  Europe.  His  earliest  and  his  principal  corres- 
pondent was.  Peter  Collinson,  the  London  merchant,  and  member 
of  the  Royal  Society,  a  most  amiable  man,  dear  old  gossip,  who 
loved  above  all  things  to  receive  novelties  and  accounts  of  curi- 
ous things  from  distant  parts  and  to  share  them  with  the  savans 
of  the  day.  He  is  well  known  by  his  correspondence  with 
Linnaeus,  published  by  Sir  James  E.  Smith,  and  with  Franklin, 
published  in  President  Sparks's  collection  of  the  philosopher's 
writings  and  correspondence ;  and  a  portion  of  his  characteristic 
letters  to  Cadwallader  Coldeu  may  be  remembered  by  the  readers 
of  this  Journal.*  His  letters  to  Bartram  occupy  more  than  half  the 
bulk  of  the  correspondence  now  published,  and  exhibit  the  good 
London  merchant  in  a  very  pleasing  light.  They  cover  the 
whole  period  from  1734  to  CoUiuson's  death  in  1768,  a  period  of 
thirty-four  years ;  and  the  earliest  of  the  series  found  among  the 
Bartram  papers  evidently  does  not  commence  the  correspondence. 
The  originals  of  the  letters  addressed  by  Bartram  to  Collinson  are 
probably  not  extant.  Those  here  published  are  from  copies  or 
original  draughts  preserved  by  the  writer.  The  first  of  the  series 
is  dated  Blay,  1738 ;  so  that  we  have  none  in  reply  to  those  of 
Collinson  during  the  four  eariier  years,  which  is  much  to  be  re- 
gretted. 

In  the  second  letter  here  published,  the  good  Collinson  initiates 
John  Bartram  into  the  art  and  mystery  of  preparing  dried  speci- 
mens of  plants.  The  botanist  of  the  present  day  may  be  some- 
what surprised  to  learn  that  a  "  quire  of  whited-brown  paper"  was 
thought  amply  sufficient  to  hold  a  year's  collection. 

*  London,  January  24th,  1785. 
^  My  good  friend,  John  Bartram  : — I  am  very  much  obliged  to  thee 
for  thy  two  choice  cargoes  of  plants,  which  came  very  safe  and  io 
good  conditioD,  and  are  very  curious  and  rare,  and  well  worth  my  ac« 
ceptaoce.  I  am  very  sensible  of  the  great  pains,  and  many  tiresome 
steps  to  collect  so  many  rare  plants  scattered  at  a  distance.  I  shaH 
not  foi^t  it ;  but  in  some  measure  to  show  my  gratitude,  though  not 
io  proportion  to  thy  trouble,  I  have  sent  thee  a  small  token  :  a  calico 
gown  for  thy  wife,  and  some  odd  liule  things  that  may  be  of  use 
amongst  the  children  and  family.  They  come  in  a  box  of  books  to 
my  worthy  friend,  Joseph  Breintnall,  with  another  parcel  of  waste 
paper,  which  will  serve  to  wrap  up  seeds,  6ic.    But  there  u  two  quires 

*  Selections  from  the  edentific  conreepondeDoe  of  Oadwallader  Ooldeo,  toL  zUt, 
pi  85, 1843. 
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qS  bfown,  and  ooe  of  wbitvd- brown  paper,  wkich  I  propoae  fer  thit  use 
and  porpote,  and  will  aave  tkee  a  great  deal  of  trouble  in  wrilkig :  that 
ia>  when  thee  observes  a  curious  plant  in  flower,  or  when  thee  gathers 
seed  of  a  plant  thee  has  an  intention  to  convey  me  a  description  of,  od 
both  these  occasions,  thee  has  nothing  more  to  do  than  to  gather 
branches  or  sprigs  of  the  plants,  then  in  flower,  with  their  flowers  on, 
and  with  their  seed-vessels  fully  formed ;  for  by  these  two  characteris- 
tics, the  genus  is  known  that  they  belong  to.  Then  take  these,  and 
spread  them  between  the  sheets  of  brown  paper,  laying  the  stems 
straight  and  leaves  smooth  and  regular ;  and  when  this  is  done,  put  a 
moderate  weight  on  a  board  the  size  of  the  paper.  In  two  days  re- 
move the  specimens  into  the  other  quire  of  brown  paper,  keeping  the 
weight  on ;  and  then  in  a  week  or  two,  being  pretty  well  dried,  eoevey 
them  thence  into  the  quire  of  whited*brown  paper.  Thus,  when  now 
and  then  thee  observes  a  curious  plant,  thee  may  treat  it  in  this  manner, 
by  which  thee  will  convey  a  more  lively  idea  than  the  best  descriptioo ; 
and  when  thee  gathers  seeds,  mark  ihie  same  number  on  the  seeds  as 
thee  marks  in  the  sheet  where  the  specimen  is,  only  writing  under  it  the 
country  name.  So,  once  a  year,  return  me  the  quire  of  whited-browo 
paper,  with  the  dried  specimens  tied  fast  between  two  broad  boards ; 
and  then  I  will  send  some  more  in  their  room.  When  the  sheet  of 
paper  will  hold  it,  put  one,  two,  or  three  specimens  of  the  same  plant 
m  the  same  sheet,  so  they  will  but  lie  smooth  by  each  other. 

*^  Besides,  what  I  have  further  to  propose,  per  this  method,  is,  thy 
own  improvement  in  the  knowledge  of  plants  ;  for  thou  shalt  send  me 
another  quire  of  duplicates  of  the  same  specimens ;  I  will  get  thena 
named  by  our  most  knowing  botanists,  and  then  return  them  again, 
which  will  improve  thee  more  than  books ;  for  it  is  impossible  for  any 
one  author  to  give  a  general  history  of  plants.  Let  the  specimens  b« 
of  the  length  of  the  paper. 

^'  Thee  canst  not  think  how  well  the  little  case  of  plants  came,  being 
put  under  the  captain^s  bed,  and  saw  not  the  light  till  I  went  for  it ;  but 
then  Captain  Wright  had  a  very  quick  passage ;  and  it  was  put  on 
board  in  a  right  month,  for  when  plants  are  down  in  the  ground,  and 
in  the  winter  months,  they  may  be  stowed  anywhere  ;  but  it  must  not 
be  attempted  any  time  this  side  Christmas.^^ 

•  •••••• 

^*  I  wish,  at  a  proper  season,  thee  would  procure  a  strong  box,  two 
feet  square,  and  about  fifteen  or  eighteen  inches  deep, — but  a  foot  deep 
in  mould  will  be  enough  ;  then  collect  half  a  dozen  laurels,  and  half  % 
dozen  shrub  honeysuckles,  and  plant  in  this  box  ;  but  be  sure  make  the 
bottom  of  the  box  full  of  large  holes,  and  cover  the  holes  with  tiles, 
or  oyster-shells,  to  let  the  water  drain  better  off.  Then  let  this  box 
stand  in  a  proper  place  in  thy  garden,  for  two  or  three  years,  till  the 
plants  have  taken  good  root,  ami  made  good  shoots ;  but  thee  must  be 
oarefoi  to  water  it  in  dry  weather. 

^*  I  wish  that  thee  would  not  foil  to  put  three  or  four  specimens  of 
tiie  sprigs  of  the  laurel,  with  the  flowers  fully  blown  (for  I  long  to  see 
it)  in  the  paper,  transferring  them  from  one  to  another,  as  I  have  di- 
rected. As  my  design  is  not  to  give  thee  more  trouble,  so  a  few  speci- 
mens will  content  me. 
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^  I  have  Amher  to  raquest  thee  to  put  np  a  Ktile  box  of  plants 
(yearly)  hi  earth,  sucb  as  tbou  fiada  in  the  woeda,  that  are  odd  and  uo- 


**  What  thee  olwenrea  of  the  froat,  to  be  sure,  had  the  effect  thee  de^ 
acribes.  I  once  remember  one  like  it  in  England ;  but  the  eflfoola 
were  not  so  severe.  I  hope,  next  year,  thee  will  be  able  to  make  some 
seleotiooa  that  may  make  thee  some  returns.  * 

'^The  White  Flowering  Bay  [Magnolia  glauea^  L.]  is  ^  phint  that 
grows  in  moist  places ;  the  leares  are  long,  of  a  bay  shape,  and  of  a 
silver  color  on  the  back  of  the  leaves.  It  bears  a  fine  large  white 
flower,  like  the  water  lily,  of  a  fine  perfumed  smell,  which  is  succeeded 
with  a  aeed-vessel  of  a  cone-like  figure.  1  have  a  plant  that  fiowera 
finely,  in  my  garden*  It  is  in  abundance  of  places,  in  Maryland ;  but 
whether  it  ia  found  more  northward,  I  can't  say.  It  is  a  fine  plant  to 
adorn  thy  own  garden.  But  give  thyself  no  trouble  about  it :  and,  as 
the  fir  and  cypress  cones  are  not  found  near  thee,  we  will  wait  for  some 
more  favorable  opportunity  to  collect  them.  Send  first  those  seeds  that 
are  near  thee. 

**  The  box  of  seeds  came  very  safe,  and  in  good  order.  Thy  re* 
narks  on  them  are  very  curious ;  but  I  think  take  up  too  much  of  thy 
time  and  thought  I  would  not  make  my  correspondence  burdensome  ; 
bot  muet  desire  thee  to  continue  the  same  collections  over  again ;  and 
to  prevent  trouble,  only  number  the  papers,  and  give  the  country  name 
•^or  any  name  thee  may  know  it  by  again ;  then  keep  a  list  of  them 
by  thee,  with  the  number  to  the  names,  and  when  they  come  here, 
those  that  do  not  come  up,  we  have  only  to  write  to  thee  for  the  aam^ 
teed  to  such  a  number,  to  send  over  again.  As  I  design  to  make  a 
present  of  part  of  these  seeds  to  a  very  curious  person  [Lord  Petre,1 
1  hope  to  procure  thee  some  present  for  thy  trouble  of  collecting.  I 
am  thy  very  sincere  friend.  P.  Collinson." — pp.  63-65. 

This  letter  proves  that  it  was  Collinson's  forethought  and  care 
which  raggested  the  plan  for  making  Bartram's  collections  afford 
some  reimbursement,  and  furnish  the  means  for  new  joumies  and 
explorations.  A  paragraph  in  a  succeeding  letter  shows  that  he 
had  interested  Lord  Petre  in  the  undertaking. 

"'LoDdoo,  March  Ist,  1196. 

^  Kind  friend,  John  Babtram  : — I  am  now  just  returned  to  town 
from  paying  a  visit  to  a  noble  lord,  my  most  valuable  and  intimate 
friend.  One  of  my  proposals,  I  sent  thee  last  year,  to  collect  the  seeds 
of  your  forest  trees,  was  for  him,  as  he  is  a  universal  lover  of  plants. 
I  presented  him  with  a  share  of  the  seeds  thou  sent  last  year,  which 
was  very  acceptable.  As  be  is  a  man  of  noble  and  generous  spirit, 
he  very  rationally  considered  thy  pains  and  trouble  in  collecting  them, 
aod  desired  to  make  thee  some  returns,  and  lef^  it  to  me.  I  thought  a 
good  suit  of  clothes,  for  thy  own  wear,  might  be  as  acceptable  as  any* 
thbg,  so  have  sent  thee  one,  with  all  appurtenances  necessary  for  its 
making  op,  which  I  hope  will  meet  with  thy  approbation,  and  help  in 
some  measure  to  compensate  for  thy  loss  of  time. 

^ooNii  Sbum,  Vcl  IX,  Ka  86.— Jan.,  1660.  12 
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^^  My  noble  frieod  desires  tbee  to  contiBue  the  sane  collecUoM. 
Send  the  same  sorts  over  again,  and  what  new  ones  happens  in  thy 
way,  and  sent  at  the  same  time  o*  year,  and  in  the  same  manner,  will 
do  very  well.  Please  to  look  io  my  other  letter  for  my  further  remarks 
on  this  bead.  •  •  •  • 

^^  As  our  noble  friend  will  be  always  grateful,  I  hope  it  will  encour- 
age  thee  to  go  on  ;  but  yet  1  would  have  thee  so  proceed  as  not  to  in* 
terfere  with  thy  private  business.  Indeed,  the  forest  tree  seeds  I  hope 
will  bring  money  into  thy  pocket ;  so  the  time  spent  in  making  the  col- 
lection cannot  be  said  to  be  lost  or  misspent  *  * 

^^  I  hope  thee  hath  mine  per  Captain  Richmond ;  with  a  parcel  in  the 
Library  Company's  trunk,  and  a  box  of  seeds,  in  sand,  per  Richmond. 
I  heartily  wish  thee  and  thine  health  and  prosperity,  and  am 

Thy  real  friend,  P.  Collinson. 

•'  Pray  give  nobody  a  hint,  how  thee  or  thy  wife  came  by  the  suit  of 
clothes.  There  may  be  some,  with  you,  may  think  they  deserve  some- 
thing of  that  nature. 

'^  If  thee  observes  any  curious  insects,  beetles,  butterflies,  dec.,  they 
are  easily  preserved,  being  pinned  through  the  body  to  the  inside  of  a 
little  box.  When  it  is  full,  send  it  nailed  up,  and  put  nothing  within  it, 
and  they  will  come  very  safe.  Display  the  wings  of  the  butterflies  with 
pins,  and  rub  off  the  down  as  little  as  possible.  When  thee  goes 
abroad,  put  a  little  box  in  thy  pocket,  and  as  thee  meets  with  them  put 
them  in,  and  then  stick  them  in  the  other  box  when  thee  comes  home. 
I  want  a  Terrapin  or  two.  Put  them  in  a  box  with  earth,  and  thev 
will  come  safe.    They  will  live  a  long  while  without  food.'' — pp.  69,70. 

We  must  make  room  for  a  part  of  the  preceding  letter,  evi- 
dently in  reply  to  one  in  which  Bartram  had  reproached  Ifis  cor- 
respondent for  not  sending  him  the  English  seeds  and  plants  he 
had  asked  for. 

^'  I  have  procured  from  my  knowing  friend,  Philip  Miller,  gardener 
to  the  Physic  Garden  at  Chelsea,  belonging  to  the  Company  of  Apothe- 
caries, sixty- nine  sorts  of  curious  seeds,  and  some  others  of  my  own 
collecting.  This,  I  hope,  will  convince  thee  I  do  what  I  can ;  and  if  I 
lived,  as  thou  does,  always  in  the  country,  I  should  do  more  ;  but  in 
my  situation  it  is  impossible.  Besides,  most  of  the  plants  thou  writes 
for,  are  not  to  be  found  in  gardens,  but  growing  spontaneously  a  many 
miles  off,  and  a  many  miles  from  one  another.  It  is  not  to  be  expected 
I  can  do  as  thou  does.  My  inclination's  good,  but  1  have  affairs  of 
greater  consequence  to  mind ;  and  as  I  have  observed  to  thee  before, 
afiairs  of  this  nature  should  not  interfere  with  business,  and  I  do  request 
thee  not  to  suflTer  anything  thee  does  for  us  to  interfere  with  thine. 
Indeed,  for  the  cargo  thou  sent,  there  was  some  reason  for  thy  making 
it  thy  business,  because  thee  will  have  some  gratification ;  but  in  thy 
other  curious  collections,  which  is  done  purely  to  oblige  us,  pray  give 
thy  business  the  preference ;  but  if,  in  the  course  of  that,  without  neg- 
lecting it,  thou  can  pick  up  what  thou  thinks  will  be  acceptable,  we 
shall  be  obliged  to  thee,  and  study  some  requitaL  So  for  the  future, 
no  more  censure  me  for  not  sending  the  one-sixth  part  thee  wrote  for, 
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for  the  reaBODs  abore ;  but  yet  tmnsimt  me  yeartj  what  theu  wants, 
aod  any  thing  in  my  power,  er  my  friend  Mitier*s,  wilt  be  always  at 
thy  service ;  and  if  I  send  thee  the  same  thing  two  6r  three  times  over, 
thee  must  excuse  it,  and  place  it  to  the  multiplicity  of  afiairs  that  fill 
my  thoughts,  and  not  suspect  my  care  ;  and  then  thee  will  deal  kindly, 
and  friendly,  and  lovingly,  by  P.  Collinson." — pp.  68, 69. 

The  next  letter  informs  Bartram  that  his  collection  of  seeds  of 
forest  trees  had  brought  £18  135.  3d.  from  Lord  Petre,  who  also 
promised  an  annual  subscription  of  ten  guineas  to  aid  him  in 
making  further  discoveries. 

*^  Lord  Petre  is  very  willing  to  contribute  very  handsomely  towards 
it  He  will  be  ten  guineas,  and  we  are  in  hopes  to  raise  ten  more. 
This  we  think,  will  enable  thee  to  set  apart  a  month,  two,  or  three,  to 
make  an  excursion  on  the  banks  of  the  Schuylkill,  to  trace  it  to  its 
fountain.  But  so  great  an  undertaking  may  require  two  or  three  years, 
aod  as  many  journeys,  to  effect  it,  so  we  must  leave  that  wholly  to 
thue.  But  we  do  expect,  that  after  harvest,  and  when  the  season  is 
that  all  the  seeds  of  trees  and  shrubs  are  ripe,  thou  will  set  out;  and 
them  that  happen  not  to  be  ripe  when  thou  goes,  they  may  have  at- 
tained to  maturity  when  thou  connes  back.  We  shall  send  thee  paper 
for  specimens  and  writing,  and  a  pocket  compass, — expect  thee*ll  keep 
a  regular  journal  of  what  occurs  every  day,  and  an  exact  observation 
of  the  course  of  the  river,  which,  with  a  compass  thee  may  easily  do.^' 
—p.  12. 

Again,  the  next  letter. 

^'  I  have  now  the  pleasure  to  tell  thee  that  I  have  got  subscribed 
twenty  guineas,  to  encourage  thee  to  undertake  thy  intended  expedi- 
tion ;  and  as  our  gentlemen  find  encouragement,  it  will  be  continued 
annually.  This  Is  a  pretty  sum  in  sterling  money,  which  I  hope  will 
enable  thee  to  supply  thyself  with  necessaries  from  hence  ;  or,  if  more 
for  thy  profit,  thou  may  draw  for  it  when  we  have  received  thy  car- 
goes. This,  I  believe,  thee  will  think  reasonable,  that  the  gentlemen 
i^ould  first  see  what  they  have  for  their  money.  This  I  can  assure 
thee,  that  thee  has  to  do  with  people  that  are  not  unreasonable  in  their 
expectations.*^ — ^p.  75. 

An  excursion  to  llaryland  and  Virginia  being  planned  for  the 
socceeding  autumn,  Collinson  sends  him  particular  instructions, 
and  letters  of  introduction,  <'  which  letters  come  to  J.  Logan  to 
save  thee  postage,"  commending  him  to  his  friends  in  those  parts, 
to  Robert  Ghver^  Col.  CustiSj  Col  Boyd,  Isham  Rand4)lph,  &c. 
Anxious  that  his  protege  should  make  a  favorable  impression,  he 
adds  a  few  words  of  exhortation  as  to  dress. 

^One  thing  I  must  desire  of  thee,  and  do  insist  that  thee  oblige 
me  therein :  that  thou  make  up  that  drugget  clothes,  to  go  to  Virginia 
io,  aod  not  appear  to  disgrace  thyself  or  me  ;  for  though  I  should  not 
esteem  thee  the  less,  to  come  to  me  in  what  dress  thou  will, — ^yet  these 
Virginians  are  a  very  gentle,  well-dressed  people — and  look,  perhaps, 
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wno€%  at  a  maD^s  outside  tban  bis  iaaide.  For  then  aod  edier  reaacNM, 
pray  go  very  cleans  naat,  and  haodaonaly  drateed,  to  Yirgtnia.  Nev«r 
inbd  thy  clothes  y  I  will  send  more  another  year.^*— p.  69. 

The  following  postscript  to  a  later  letter  leads  one  to  infer  that 
the  plant  collector  hardly  needed  this  advice. 

*^  One  thing  I  forgot  to  mention  before,  and  what  very  mtwh  surprises 
me,  to  find  thee,  who  art  a  philosopher,  prouder  than  I  am.  My  cap, 
it  is  true,  had  a  small  hole  or  two  on  the  border ;  but  the  lining  was 
new.  Instead  of  giving  it  away,  I  wish  thee  had  sent  it  to  me  back 
again.  It  would  have  served  me  two  or  three  years,  to  have  worn  in 
the  country,  in  rainy  weather.'* — p.  114. 

The  following  reminds  us  of  a  similar  and  equally  explicit  let- 
ter of  Collinson's  to  Linnseus  himself,  published  in  the  Linnaean 
Correspondence. 

**The  Sifstema  Natmra  w  a  curious  performance,  for  a  young  roan 
[Linneus ;]  but  his  coining  a  set  of  new  names  for  plants  tends  but  to 
embarrass  and  perplex  the  study  of  botany.  As  to  his  system,  on 
which  they  are  founded,  botanists  are  not  agreed  about  it.  Very  few 
like  it.  Be  that  as  it  will,  he  is  certainly  a  very  ingenious  man,  and  a 
great  naturalist.  As  these  were  not  in  our  mother  tongue,  was  the 
only  reason  I  did  not  send  them  to  thee.  I  hope  not  to  be  forgetful  for 
the  future."— p.  106. 

It  would  seem  that  Gollinson  was  the  first  to  send  the  Ameri- 
can CHnseng  to  Chincu 

^*  I  sent  some  Ginseng  roots  to  China.  If  they  sell  well,  a  good 
profitable  trade  may  be  carried  on.  In  the  mean  time  sow  the  seed, 
and  raise  a  stalk  to  furnish  my  friend,  when  he  returns.  Keep  that  a 
secret,  and  raise  what  thee  canst :  for  I  have  an  opinion  it  will  turn  to 
account,  if  my  friend  manages  it  rightly." — p.  125. 

^^  I  am  well  assured  it  will  prove  a  profitable  commodity  to  China, 
who  value  it  above  anything.  I  have  compared  yours  with  the  Chinese, 
and  find  them  in  all  respects  the  same.  Your  proprietor  was  so  kind 
to  send  me  a  considerable  parcel,  and  I  have  trusted  a  pariicuiar  friend 
with  it,  to  carry  to  China,  to  see  how  they  approve  of  it,  and  to  find 
what  price  it  bears ;  but  my  friend  is  under  promise  not  to  discover  that 
it  is  American ;  for  if  they  know  that,  they  are  so  fanciful  it  may  not 
be  so  good  as  their  own." — p.  127. 

The  next  year  brings  Bartram  another  remittance. 

^*  1  could  not  omit  sending  thee  the  above-mentioned  £^  10«.  by 
Captain  Wright,  who  is  a  most  obliging  man,  and  he  knows  thee,  and 
perhaps  may  give  the  carriage,  though  I  shall  not  receive  the  money 
this  twelvemonth,  nay,  I  have  now  some  standing  two  years ;  for  It  is 
▼ery  hard  getting  money  of  great  people,  though  I  give  them  my  labor 
and  pains  mto  the  bargtin.  They  are  glad  of  the  cargo,  but  are  apt 
to  forget  all  the  rest  They  give  good  words,  but  that  will  not  always 
do ;  IM  for  thy  sake,  aad  if  it  will  but  coDtiibate  to  keep  thee  in  thy 


Digiti 


zed  by  Google 


oj  Jakn  B^Oirmm  and  Sumphrp  Marshall.  93 

cneimiBteiioeft,  I  gladly  will  do  all,  and  much  more,  if  it  will  but  be  of 
service  to  thee,  aod  eacourage  thy  iogeouity.  #  #  # 

^^  It  ia  very  entertaiaiiig  to  survey  the  great  variety  of  moseee  that 
there  is  with  you,  as  weil  as  with  us«  I  have  sent  mine  down  to  the 
Doctor,  who  admires  at  thy  diligence.  He  observes  paper  is  scanty, 
so  has  desired  roe  to  send  thee  half  a  ream  of  writing  paper,  which 
corees  io  a  parcel  per  Captain  Wright,  with  some  paper  for  specimens. 

^*'  The  books,  Tournefort,  are  a  present  from  Lord  Petre,  which  1  hope 
will  make  thee  easy.^^ — pp.  140,  141. 

Lord  Petre  was  one  of  the  most  enterprising  and  successful 
jJanters  of  that  day.  How  largely  Bartram's  collections  enabled 
him  to  raise  American  trees,  may  be  learned  from  the  following 
eztracL 

^*  The  trees  and  shrubs  raised  from  thy  first  seeds,  are  grown  to 
great  maturity.  Last  year  Lord  Petre  planted  out  about  ten  thousand 
AraericaBs,  which,  being  at  the  same  time  mixed  with  about  twenty 
thousand  Europeans,  and  some  Asians,  make  a  very  beautiful  appear- 
ance;— great  art  and  skill  being  shown  in  consulting  every  one^s  par- 
tkuilar  growth,  and  the  well  blending  the  variety  of  greens.  Dark 
green  being  a  great  foil  to  lighter  ones,  and  bluish  green  to  yellow  ones, 
aod  those  trees  that  have  their  bark  and  back  of  their  leaves  of  white, 
er  silver,  make  a  beautiful  contrast  with  the  others. 

"The  whole  is  planted  in  thickets  and  clumps,  and  with  these. mix- 
tures are  perfectly  picturesque,  and  have  a  delightful  efiect.  This 
will  just  give  thee  a  faint  idea  of  the  method  Lord  Petre  plants  in, 
which  has  not  been  so  happily  executed  by  any :  and,  indeed,  they  want 
the  materials,  whilst  his  lordship  has  them  in  plenty. 

**  His  nursery  being  fully  stocked  with  flowering  shrubs,  of  all  sorts 
that  can  be  procured, — with  these,  he  borders  the  outskirts  of  all  his 
plantations;  aod  he  continues  annually,  raising  from  seed,  and  layer^ 
iog,  budding,  graAing — that  twemy  thousand  trees  are  hardly  to  be 
miaeed  out  of  his  nurseries.^^ — p.  145. 

The  next  year,  however,  an  aflfecting  letter  of  Collinson's  an- 
nounces to  Bartram  the  death  of  his  noble  patron,  of  the  small 
pox,  in  the  thirtieth  year  of  his  age ;  and,  with  a  fine  tribute  to 
his  memory,  adds :— "  All  our  schemes  are  broke.  Send  no  seeds 
for  him  nor  the  Duke  of  Norfolk ;  for  now  he  that  gave  motion 
is  motionless ; — all  is  at  an  end."  Other  subscribers,  however, 
were  found,  and  Bertram's  operations  were  continued.  In  the 
following  extract,  for  Owegos  read  Oswego,  Bartram  had  made 
a  journey  through  the  northern  part  of  Pennsylvania  and  the 
country  of  the  Five  Nations  to  Oswego,  an  account  of  wiiich 
was  soon  after  published. 

*M  thank  thee  for  thy  curious  present  of  thy  map,  and  thy  draught 
of  the  fall  of  the  river  Owegos  [?].  I  was  really  both  delighted  and 
surprised  to  see  it  so  naturally  done, — and  at  thy  ingenuity  in  the  per- 
formance. Upon  my  word,  friend  John,  I  can't  help  admiring  thy 
abilities  in  so  many  instances.    I  shall  be  sparing  to  say  what  more  I 
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think.  A  man  of  thy  prudence  will  place  this  to  a  right  aeoovmt,  to 
encourage  thee  to  proceed  gently  in  these  curious  things,  which  belong 
to  a  man  of  leisure,  and  not  to  a  man  of  business.  The  main  chance 
must  be  minded.  Many  an  ingenious  man  has  lost  himself  for  want  of 
this  regard, — by  devoting  too  much  of  his  time  to  these  matters.  A 
hint  thee  will  take  in  friendship :  thy  obliging,  grateful  disposition,  may 
carry  thee  too  far.  I  am  glad,  and  delight  much  in  all  these  things— 
none  more :  but  then  I  would  not  purchase  them  at  the  expense  of  my 
friend's  precious  time — to  the  detriment  of  his  interest,  and  business 
(now,  dear  John,  take  me  right). — I  showed  them  to  Sir  Hans.  He 
was  much  pleased.  Lord  Petre  deservedly  much  admires  them  ;  and, 
indeed,  does  every  one  that  sees  them,  when  they  are  told  who  was  the 
performer. 

"  All  this  is  writ  by  rote,  or  from  memory,  for  I  dare  not,  nay,  I  can- 
not look  into  thy  letters ;  for  I  have  no  time  to  add  more,  but  to  tell 
thee — in  the  trunk  of  the  Library  Company,  thecal  I  find  a  suit  of 
clothes  for  thyself.  This  may  serve  to  protect  thy  outward  man, — 
being  a  drugget  coat,  black  waistcoat,  and  shagg  breeches.  And  now, 
that  thou  may  see  that  I  am  not  thoughtless  of  thy  better  part,  I  send 
thee  R.  Barclay's  Apology  to  replenish  thy  inward  man.  So  farewell. 
Success  attend  thee  in  all  thy  expeditions.  The  first  leisure,  will  con* 
sider  all  thy  letters.'  They  are  all  carefully  laid  up.  The  chrysalises 
are  all  in  fine  order.  I  am  in  hopes  of  some  new  beauties.  I  can  now 
add  no  more,  but  that  I  am  thine. 

P.  CoLLiifsoH."— pp.  158,  1S8. 

Bartram  was  bom,  educated,  and  married  in  the  Society  of 
Friends,  and  was,  we  believe,  still  a  member  of  the  Society  at 
this  date  ( 1742).  His  letters  show  a  very  independent  and  phi- 
losophizing turn  of  mind,  and  we  may  have  occasion  to  cite  here* 
after  some  unqnakerly  remarks  of  his  on  the  subject  of  war.  It 
is  hardly  to  be  wondered  at,  therefore,  *'  that  the  views  which  he 
entertained  had  led  to  his  exclusion  from  the  Society  so  early  as 
the  year  1758."  To  take  fully  the  point  of  his  decidedly  ungra- 
cious reception  of  the  Quaker's  text-book  which  the  London 
Friend  had  so  kindly  presented,  it  should  be  mentioned  that  Bar- 
tram  had  asked  Collinson  to  purchase  for  him  Tournefort,  and 
other  botanical  works;  to  which  bis  considerate  correspondent 
had  replied  that  they  were  rather  costly. — "  Now  1  shall  be  so 
friendly  to  tell  thee  that  I  think  this  is  too  much  to  lay  out. 
Besides,  now  that  thee  has  got  Parkinson  and  Miller,  I  would  not 
have  thee  puzzle  thyself  with  others ;  for  they  contain  the  an- 
cient and  modem  knowledge  of  botany.  Remember  Solomon's 
advice :  in  reading  (?)  of  many  books  there  is  no  end."  Still  the 
good  Collinson  always  contrived  in  the  end  to  have  all  these 
books  sent  to  him,  as  presents. 

"July  the  601,1742. 
'^  A  few  hours  past,  I  received  thy  letters  of  March  the  dd,  and  20th, 
and  April  the  25th,  1742. 
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^^Yesterdaj  the  ship  arrived,  which  our  dear  friend  Captain  Wright 
tuled  io  from  LoDdon,  but  alas!  hath  left  her  captain  asleep  in  Nep- 
tooe^s  boeom  :  and  now,  such  a  mortal  sickness  is  on  board,  that  she 
is  ordered  to  ride  quarantine  below  the  town.     No  goods  can  be  got  off. 

^*  I  heartily  thank  Sir  Hans  Sloane  for  his  kind  remembrance  of 
me.  I  long  to  see  his  History  ;  and  particularly  M.  Catesby's  books,  to 
see  what  birds  he  hath  figured,  before  I  set  out  next  week  for  a  journey 
akmg  our  sea-coast,  where  I  believe  there  are  many  birds  which  he 
omitted  to  draw — which  I  shall  be  very  particular  to  observe  their  di- 
mensions, shape  and  colore,  if  I  can  compel  them,  by  the  charms  of 
ralphur  and  nitre  and  lead,  to  let  me  dispose  of  them  as'  I  think  most 
tuitable. 

**  I  shall  endeavor  to  procure  Lady  Petre  a  humming-bird's  nest,  and 
eggs,  as  soon  as  possible.  I  have  not  heard  of  any  being  found  this 
year.  They  commonly  build  their  nest  upright  upon  a  limb  of  a  tree, 
and  a  little  shake  with  the  fall  of  the  tree  separates  them.  The  fine, 
downy  composition,  is  gathered  from  the  stalks  of  our  fern.  The 
bladdera  of  balm,  which  I  sent  thee,  I  gathered  on  the  Balm  of  Gilead 
tree,  on  the  Katskill  Mountain, — a  delicate,  fragrant  liquor,  as  clear  as 
water. 

^*I  design,  next  month,  to  go  myself  and  gather  some  seed  for  you, 
which  I  hope  will  be  as  much  pleasure  to  you,  as  fatigue  and  charge  to 
me  to  get  them.  There  is  no  more  trust  in  our  Americans,  than  curi- 
osity. Colonel  Salisbury,  who  lives  near  them,  sent  me  last  winter,  a 
very  loving  letter,  affirming  he  did  what  he  could  to  procure  them, 
leaving  ordere,  when  he  went  to  York,  to  gather  them  ;  but  at  his  re« 
tora,  there  is  none  gathered.  He  sent  a  man  on  purpose  to  the  moun- 
tains, to  gather  them ;  but  he  said  the  birds  had  picked  all  the  seed  out, 
being  very  fond  of  them. 

''l  am  glad  my  map  and  draught  were  acceptable,  although  clum- 
sily done, — having  neither  proper  instruments  nor  convenient  time ; 
being,  most  of  them,  in  part  of  a  firet  day,  or  by  candle-light, — having 
DO  whole  original  but  nature,  nor  time  to  take  a  copy, — being  hurried 
in  gathering  or  packing  of  seeds. 

•*  I  am  greatly  obliged  to  thee  for  thy  necessary  present  of  a  suit  of 
clothes,  which  just  came  in  the  rieht  time ;  and  Barclay's  Apology^  I 
shall  take  care  of,  for  thy  sake.  It  answere  thy  advice,  much  tetter 
than  if  thee  had  sent  me  one  of  Natural  History,  or  Botany,  which  I 
should  have  spent  ten  times  the  houra  in  reading  of,  while  1  might  have 
labored  for  the  maintenance  of  my  family.  Indeed,  I  have  little  res- 
pect to  apologies  and  disputes  about  the  ceremonial  parts  of  religion, 
which  often  introduce  animosities,  confusion,  and  disorders  in  the  mind 
— and  sometimes  body  too ;  but,  dear  Peter,  let  us  worship  the  one 
Almighty  Power,  in  sincerity  of  heart,  with  resignation  to  His  divine 
will,---doing  to  othere  as  we  would  have  them  do  to  us,  if  we  were  in 
their  circumstances.  Living  in  love  and  innocency,  we  may  die  in 
hope."— pp.  158,  159. 

Bartram,  at  Collinson's  request,  had  gathered  some  mosses,  &c., 
for  Dilleoius,  who  in  turn  sent  him  a  copy  of  his  Hisioria  Mus- 
corum.  This  is  acknowledged  by  Bartram,  in  the  following  ex- 
tract, and  also  to  Dillenius  himself^  in  a  letter  printed  on  pp.  31(1-1 1. 
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^  I  received  thy  kind  letter  of  June  the  16tb,  and  the  seeds  and  book 
of  Doctor  Dillenius,  last  night.  I  take  it  to  be  the  completest  of  that 
kind  that  ever  was  wrote ;  for  we  donU  read  that  Solomon  wrote  of 
any  plants  of  humbler  growth  than  the  hyssop :  so  I  conclude  he  knew 
as  tittle  of  mosses,  as  he  did  of  the  plants  that  grew  beyond  Mount 
Lebanon,  or  in  America." — p.  161. 

The  subjoined  extracts  are  from  a  letter  of  CoUinson,  in  1743-4. 

"  Friend  John  : — The  prices  of  microscopes  are  advanced  to  a  guinea ; 
so  I  have  only  sent  thee  one,  for  thyself,  and  desire  thy  acceptance  of 
it,  with  a  book.  •  •  At  present,  can  give  thee  no  assurance  of  any 
new  contributors,  only  the  Duke  of  Richmond  and  P.  Miller  continue, 
— who  love  new  things;  but  whether  so  small  a  subscription  will  coun- 
tervail thy  going  among  the  saints^  in  New  England,  I  must  submit  to 
thy  consideration.  •  •  •  Dr.  Dillenius  has  writ  thee  a  letter ; — is 
greatly  delighted  with  the  last  seeds,  they  are  so  good  ;  says  that  thou 
art  the  only  man  that  ever  did  things  to  the  purpose.  The  curiosities 
for  Dr.  Gronovius  are  gone  for  Holland,  with  the  specimens.  I  have 
writ  both  to  him  and  Linncetis,  not  to  forget  the  pains  and  travel  of  in- 
defatigable John  Bartram, — but  stick  a  feather  in  his  cap,  who  is  as  de- 
serving as  the  rest." — p.  171. 

That  is,  to  keep  in  mind  a  genus  Bartramia,  The  geDus 
dedicated  to  him  by  Linnaeus,  in  the  Flora  Zeylanica,  however, 
proved  to  be  only  a  species  of  Trinmfetta ;  and  the  name  was 
subsequently  given  by  Hedwig  to  a  fine  genus  of  mosses. 

Bartram  and  Collinson  occasionally  m^e  themselves  merry  at 
the  expense  of  Dr.  Witt,  of  Germantown,  a  remarkable  character 
in  his  day,  who  dabbled  in  divination  as  well  as  botany,  and  was 
a  little  touched  with  quasi-Swedenborgianism,  as  would  seem 
from  the  first  part  of  the  following  extract.  The  latter  part  tes- 
tifies to  Bartram's  accuracy  of  observation  about  the  pine-cones. 

"  I  received  the  nails,  calico,  Russia  linen,  and  the  clothes  for  my 
boys  :  all  which  are  very  good  and  well  chosen,  and  give  great  satisfac- 
tion. The  only  thing  that  gives  me  any  uneasiness,  is,  that  thee  hath 
sent  more  than  what  is  my  due. 

*^  Now,  though  oracles  be  ceased,  and  thee  hath  not  the  spirit  of  di- 
vination,— yet,  according  to  our  friend  Doctor  Win,  we  friends  that 
love  one  another  sincerely,  may,  by  an  extraordinary  spirit  of  sym- 
pathy, not  only  know  each  other^s  desires,  but  may  have  a  spiritual 
conversation  at  great  distances  one  from  another.  Now,  if  this  be  truly 
so, — if  I  love  thee  sincerely — and  thy  love  and  friendship  be  so  to  me 
— thee  must  have  a  spiritual  feeling  and  sense  of  what  particular  sorts 
of  things  will  give  satisfaction ;  and  doth  not  thy  actions  make  it  man- 
ifest ?  for,  what  I  send  to  thee  for,  thee  hath  chosen  of  just  such  sorts 
and  colors  as  1  wanted.  Nay,  as  my  wife  and  1  are  one,  so  she  is  ini- 
tiated into  this  spiritual  union ;  for  thee  has  sent  her  a  piece  of  calico  so 
directly  to  her  mind,  that  she  saith  that  if  she  had  been  there  herself, 
she  could  not  have  pleased  her  fancy  better.  *     .     *  * 
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"  lo  opooiBg  th€M  fine  cooes  of  Cluster  Pioe,  I  observed  how  close 
the  scales  adhered,  which  is  coDtrary  to  all  our  pioes  and  firs  (except 
ooe  species  of  the  three-leaved  piue) ;  which,  before  they  are  well 
dried,  spring  open  and  shed  all  the  seed  out,  which  makes  them  the 
difficuhest  to  gather.  One  may,  in  the  beginning  of  the  week,  see  the 
cooes  green — and  before  the  latter  end,  all  the  seed  that  is  cood  will 
be  shed  out,  especially  the  five-leaved,  which  you  are  so  fond  of— and 
which  it  is  not  possible  for  me  to  gather  any  great  quantities  thereof,  as 
I  wrote  to  thee,  last  year.  1  design  to  get  what  I  can,  yearly ;  but,  as 
I  cao't  be  in  three  or  four  hundred  distant  places  in  three  or  four  days' 
time^  I  eaoH  procure  great  quantities ;  and  if  I  depend  upon  others' 
assistance,  I  am  sure  of  being  deceived. 

"  As  our  friend  Miller  seems  to  question  my  account  of  our  pines,  I 
now  tell  thee  I  generally  take  care  to  speak  truth^-eVen  to  those  that 
I  think  will  bestow  no  more  pains  of  examination,  than  to  tell  me  it  is 
not  so, — to  whom  silence  suits  better  than  arguments — as  ignorance 
doth  to  their  capacity  ;  but,  as  I  have  a  great  opinbn  of  Miller's  learn- 
ing and  judgment,  I  am  engaged  in  duty  and  friendship  to  inform  him 
the  best  1  can,  at  present. 

^  All  our  pine  cones  are  two  summers  and  one  winter,  from  their 
first  appearance  to  their  perfecting  and  casting  their  seed,  but  this  one 
species, — which  open  not  till  the  second  or  third  year  after  they  seem 
perfectly  ripe.  I  have  been  much*  surprised  at  observing  these  trees 
have  npon  one  branch  all  the  cones  of  three,  four,  or  five  years'  growth, 
at  once."— pp.  174,  175.  ^* 

An  allusion  to  Franklin's  discovery  occurs  in  a  letter  frotn  Col- 
linson,  dated  January  11th,  1763,  while  writing  of  the  great  dif- 
ference between  the  climate  of  England  and  North  America. 

^*  I  have  heard  thunder  but  once  this  year,  and  that  at  a  distance, 
whilst  you  have  had  it  so  terrible  all  over  your  continent,— as  our  friend 
Ctaytoo  writes  roe  from  Virginia;  and  we  have  had  scarcely  sufficient 
to  make  our  ingenious  friend  Franklin's  experiment.  *  *  I  gathered 
such  a  nosegay  on  Christmas  day,  would  have  delighted  thee  to  have 
seen  it.  In  £ngland,  vegetation  may  be  said  never  to  cease ;  for  the 
spring  flowers  tread  so  on  the  heels  of  the  autumn  fiowers,  that  the  ring 
J8  carried  on  without  intermission." — p.  189. 

Bartram  is  apt  to  complain,  whenever  his  letters  and  commis- 
sions are  not  very  promptly  attended  to.  This  calls  forth  from 
CoUinson  the  following  mild  rejoinder. 

^*  If  my  friend  John  Bartram  knew  better  my  affairs,  my  situation  in 
life,  my  public  business,  my  many  engagements  and  incumbrances, — 
instead  of  being  in  a  pet,  that  I  answer  not  the  letter  he  sends  by  one 
ship  by  the  next  that  sails — he  would  wonder  I  do  so  well  as  I  do, 
though  he  thinks  it  so  ill.  *  *  He  should  never  suspect  his  friend, 
until  he  has  better  foundation  for  so  doing.  To  serve  him,  I  oAen  neg- 
lect my  own  business.  His  surmises  are  well  meant ;  yet  they  arise 
from  want  of  experience  and  not  knowing  me,  and  the  share  I  have  in 
the  busy  world,  so  well  as  I  could  wish  ;  then  he  would  not  think  me  so 

Skoiid  Skeos,  VoL  IX,  No.  25.— Jan.,  1850.  13 


Digiti 


zed  by  Google 


98  DarKngtm^s  Memorials 

bad  a  correspondent.  And  I  dare  venture,  now  I  have  given  bim  tbese 
friendly  hints,  he  will  not  think  me  so  again ;  but  continue  his  friendly 
and  informing,  as  well  as  his  entertaining  correspondence.  *  *  I 
thought  he  had  known  m^  better  than  to  think  anything  he  sends  me 
either  lost  or  neglected.  •  •  •  • 

*^  The  cranberry  thrives  wonderfully,  and  is  in  blossom  ;  every  way 
agreeing  with  ours,  but  much  larger.  •  •  • 

^*  Pray  give  my  thanks  to  Moses,  for  bis  two  letters.  In  the  box, 
with  the  other  things,  I  have  sent  two  fine  Cedar  of  LebaiKn  oones,  just 
come  from  thence.  •  •  •  •  • 

**  There  is  a  little  token,  in  a  box,  for  Billy,  whose  pretty  perfor* 
mance  pleases  me  much. 

^  Thy  account^f  the  frogs  is  very  humorous ;  but  would  it  not  be 
more  so,  to  import  a  cargo  of  them  ?  And  had  I  a  park,  or  place  in- 
closed, I  would  wish  it  But  as  it  is,  strolling  people  and  boys  would 
destroy  them.  A  bull-frog  would  surprise  the  whole  village ;  but  then 
it  would  be  certainly  killed."— pp.  192,  19a 

On  more  than  one  occasion,  Bartram  alludes  to  a  theory  in  re- 
^)ect  to  petrifactions  and  the  formation  of  limestone,  which  he 
l)^  commimicated  to  Dr.  Fothergill.  Ck)Ilinson  seems  not  to 
have  quite  comprehended  it;  but  Bartram  writes, — '^My  dear 
worthy  friend,  thee  can't  bang,  me  out  of  the  notion  that  lime- 
stofie  and  marble  were  originally  mud,  impregnated  by  a  marine 
^,  which  I  take  to  be  the  original  of  all  our  terrestrial  soils." 
p.  210.  And  Ck)llinson  afterwards  writes,  "  What  shall  we  say 
to  the  strata  abounding  with  fossil  sea-shells,  d&c.  ?  Yery  prob- 
ably, as  thou  conceives,  the  sea  flowed  higher,  or  once  oveiflowed 
all."— p.  237. 

Quite  characteristic  are  Bartram's  remarks  in  the  subjoined  ex- 
tract from  a  letter  in  January,  1757. 

^^  Many  birds,  in  their  migrations,  are  observed  to  go  in  flocks, — as 
the  geese,  brants,  pigeons,  and  blackbirds  ;  others  flutter  and  hop  about 
fVom  tree  to  tree,  or  upon  the  ground,  feeding  backwards  and  forwards, 
interspersed  so  that  their  progressive  movement  is  not  commonly  ob- 
served. Our  blue  or  rather  ash-colored,  great  herons,  and  the  white 
ones,  do  not  observe  a  direct  progression,  but  follow  the  banks  of  rivers 
— sometimes  flying  from  one  side  to  the  other,  sometimes  a  little  back- 
wards, but  generally  northward,  until  all  places  be  supplied  sufficiently 
where  there  is  conveniency  of  food  ;  for  when  some  arrive  at  a  partic- 
ular place,  and  find  as  many  there  before  them  as  can  readily  find  food, 
some  of  them  move  forward,  and  some  stay  behind.  For  all  these  wild 
creatures,  of  one  species,  generally  seem  of  one  community;  and 
rather  than  quarrel,  will  noove  still  a  farther  distance,  where  there  is 
more  plenty  of  food — like  Abraham  and  Lot ;  but  most  of  our  domes- 
tic animals  are  more  like  their  masters :  every  one  contends  for  bis 
own  dunghill,  and  is  for  driving  all  ofi*  that  come  to  encroach  upoo 
Ibem."— pp.  211,212. 

Here  is  a  curious  letter  of  CoUinson's,  p.  229,  in  which  he  re- 
proves Bartram  for  ^'grumbling  and  complaining,  making  no 
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idlowances  for  accidents,"  d&c.,  and  ending:  '^ Really,  friend 
John,  complain  on.  I  am  now  so  used  to  that  1  shall  not  mind  it 
for  the  future.  But,  as  thou  canst  write  diverting  and  curious 
observations,  in  this  manner  I  expect  to  be  entertained  for  tbs 
future,  which  will  always  give  pleasure  to  thy  old  friend,  P. 
Collinson."  The  very  next  letter  from  Bartram,  despatched, 
however,  before  he  could  have  received  his  friend's  homily,  suffi- 
ciently illustrates  the  fault  which  poor  CoIIinson  so  amusingly 
deprecates  : 

"August  the  Uth,  1761. 

^^  Dear  Pbteb  : — I  have  ju9t  now  received  two  letters  that  came  by 
the  pocket. 

•  •  "My  Yellow  Slipper  improves  well ;  but  the  White  declioes. 
'  Send  double  boxes  for  Pine  and  Powel  and  Williamson.^  Who  is  this 
Fine  ?  *  Powel  and  Eddy  desire  but  half  the  quantity  of  walnuts,'^ 
Who  is  this  Eddy  ?  *  But  all  desire  new  things ;  they  are  tired  of  old 
ones,"*  Do  they  think  I  can  make  new  ones  ?  1  have  sent  them  seeds 
of  almost  every  tree  and  shrub  from  Nova  Scotia  to  Carolina ;  very 
few  are  wanting :  and  from  the  sea  across  the  continent  to  the  lakes, 
h^s  very  likelv  ignorant  people  m%y  give  strange  names  to  tickle  your 
ears  withal ;  bat,  as  I  have  traveled  through  most  of  these  provinces, 
and  have  specimens  sent  by  the  best  hao<k,  I  know  well  what  grows 
there.  Indeed,  I  have  not  yet  been  at  the  Ohio,  but  have  many  speci- 
meos  from  there.  But  in  about  two  weeks  I  hope  to  set  out  to  search 
myself,  if  the  barbarous  Indians  don't  hinder  me  (and  if  I  die  a  msrtyr 
to  botany,  God's  will  be  done ; — His  will  be  done  in  all  things).  They 
domineer,  threaten,  and  steal  most  of  the  best  horses  they  can.  None 
could  have  worse  luck  than  I  with  your  roots  sent  last  fall  and  this 
spring.''— pp.  231,  292. 

The  following  touches  upon  politics. 

*<  London,  May  8Sd,m2. 

^  Whilst  my  dear  John  is  in  a  melancholy  mood  for  the  loss  of  Pitt,  I 
keep  myself  in  equal  poise ;  but  the  success  in  one  scale,  and  his  two 
rash  French  expeditions,  on  their  coasts,  in  the  other ,  in  which  he 
wantonly  sacrificed  so  many  brave  Englishmen,  to  answer  no  purpose 
but  his  vain-glory.  Had  they  been  sent  then  to  Martinico,  some 
millions  had  l^en  the  difference  to  England.  If  we  consider  the  num- 
ber of  our  ships  taken,  and  their  rich  cargoes,  the  men  useless,  and  the 
vast  produce  of  that  island  kept  from  us,  so  all  things  put  together  (for 
this  is  a  short  sketch),  I  don't  find  any  cause  to  lament  his  abdication. 
We  go  on  full  as  well  without  him.  So  prithee,  my  dear  John,  revive 
and  don't  sink,  and  be  lost  in  doleful  dumps  under  so  terrible  an  event, 
which  portends  no  harm  that  I  can  see  ;  for  we  have  a  brave  Kins,  and 
good  men  at  the  helm.  Never  fear:  we  shall  keep  Canada,  and  have 
a  good  peace  ;  and  Pitt  is  as  well  pleased  with  his  mercenary  pension 
of  .£3000  per  annum,  and  a  title  in  reversion  ;  and  has  cleverly  slipped 
his  neck  out  of  the  collar,  when  it  most  became  him  to  keep  in,  to  serve 
his  country,  but  he  preferred  serving  himself  before  it. 
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**  From  one  melancholy  story  we  come  to  another ; — the  loss  of  so 
many  fine  plants,  which  affects  me  more  than  the  loss  of  Pitt. 

**  It  is  a  fair  probation,  how  far  the  principles  of  vegetation  may  be 
maintained  when  removed  from  a  warn»er  latitude  to  a  colder.  Art 
will  assist  nature.  There  are  many  fine  plants  that  grow  on  this  side 
the  Tropics,  if  we  will  bestow  a  south  wall  on  them,  will  thrive  and 
flower  well  in  our  northern  climate. 

•  #  •  •  •  • 

^'  I  cannot  advise,  for  I  am  fearful  thy  grand  expedition  to  the  lakes 
will  be  too  much  to  undertake  without  suitable  companions,  for  acci- 
dents may  happen  in  so  long  a  journey.  But  if  it  was  thy  resolution, 
my  advice  will  come  too  late.    So,  my  dear  John,  farewell. 

P.  CoLLiNsoN."— pp.  235,  236. 

There  are  three  letters  from  Bartram,  written  in  the  autumn  of 
1763,  after  his  visit  to  Carolina  and  Georgia,  expressing  a  strong 
desire  to  explore  the  country  of  Canada  and  Louisiana  for  natural 
productions,  adding,  "  But  this  would  alarm  the  Indians  to  the 
highest  degree.  All  the  discoverers  would  be  exposed  to  the 
greatest  savage  oruelty,  the  gun,  tomahawk,  torture,  or  revengeful 
devouring  jaws.  Before  this  scheme  can  be  executed,  the  Indians 
must  be  subdued,  or  drove  above  a  thousand  miles  back.  No 
treaty  will  make  discovery  safe." — p.  224.  And  again — ^^  The 
most  probable  and  only  method  to  establish  a  lasting  peace  with 
the  barbarous  Indians  is  to  bang  them  siotUly^  and  make  them 
sensible  that  we  are  men,  whom  they  for  many  years  despised  for 
women.  Until  then  it  is  only  throwing  away  blood  and  treasure 
to  make  peace  with  them." — p.  255.  And  in  the  same  strain  is 
the  next  letter. 

"November  nth,  1763. 

"  Dear  worthy  Peter  : — I  have  received  my  dear  friend^s  letter  of 
August  23d,  1763. 

*^  I  think  most  of  our  people  here  look  upon  all  our  boasted  acquisi- 
tions in  North  America  to  be  titular,  and  that  only  of  short  duration,  as 
the  French  still  claim  all  one  side  of  the  Mississippi,  and  part  of  our 
side.  They  will  draw  the  chief  of  their  fur  trade  near  them,  and  will 
always  be  setting  the  Indians  against  us,  suppose  we  do  keep  possession 
of  the  lakes.  But  unless  we  bang  the  Indians  stoutly,  and  make  them 
fear  us,  they  will  never  love  us,  nor  keep  peace  long  with  us.  They 
are  now  got  so  cunning,  they  will  not  sell  their  land,  and  stand  so  to 
their  bargain  as  to  let  the  people  live  quietly  upon  it.  But  when  they 
want  goods,  it  is  but  rob  the  traders,  steal  horses,  plunder  and  insult 
the  back  inhabitants,  and  instead  of  us  calling,  them  to  account  for 
their  mischief,  we  sue  to  them  for  peace,  and  give  them  great  presents 
to  kill  no  more  white  people  for  three  or  four  years.  By  such  pro- 
ceedings, they  have  us  in  the  greatest  contempt,  believing  they  may  do 
us  all  the  mischief  they  please,  and  we  are  ready  at  any  time  to  buy  a 
peace  with  them  for  a  few  years,  under  great  insults.  *        * 

"  The  variety  of  plants  and  flowers  in  our  southwestern  continent,  is 
beyond  expression.     Is  it  not,  dear  Peter,  the  very  palace  garden  of 
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old  Madam  Flora  t  Oh  I  if  I  could  but  speod  six  montha  on  the  Ohio, 
MiaBtasippif  and  Florida,  in  health,  I  believe  I  could  find  more  cuiioai- 
ties  than  the  English,  French  and  Spaniards  have  done  in  six  score  of 
jears.  But  the  Indians,  instigated  by  the  French,  will  not  let  us  look 
at  so  much  as  a  plant,  or  tree,  in  this  great  British  empire.'' — p.  256, 

To  all  this  the  benevolent  Collinson  replies  in  a  more  Clua- 
kerly  way. 

**  Ridge  way  House,  December  6, 1768. 

*'  I  am  here  retired,  all  alone,  from  the  bustle  and  hurry  of  the  town, 
meditating  on  the  comforts  I  enjoy ;  and  whilst  the  old  log  is  burn- 
ing, the  fire  of  friendship  is  blazing — warms  my  imagination  with  re- 
fleeting  on  the  variety  of  incidents  that  hath  attended  our  long  and 
agreeable  correspondence.  •  •  •  • 

^  My  dear  John,  thou  does  not  consider  the  law  of  right,  and  doing 
to  others  as  we  would  be  done  unto. 

*^  We,  erery  manner  of  way,  trick,  cheat,  and  abuse  these  Indians 
with  impunity.  They  Were  notoriously  jockeyed  and  cheated  out  of 
their  land  in  your  province,  by  a  man^s  walking  a  track  of  ground  in 
one  day,  that  was  to  be  purchased  of  them. 

^  Your  Governor  promised  the  Indians  if  they  wt)uld  not  join  the 
French,  that  when  the  war  was  over,  our  troops  should  withdraw  from 
Pittsbui^.  They  sent  to  claim  his  promise  but  were  shuffled  ofil 
They  resented  it,  as  that  fortress  was  situated  on  their  hunting  country. 

**  I  could  fill  this  letter  with  our  arbitrary  proceedings,  all  the  colo- 
nies through ;  with  our  arbitrary,  illegal  taking  their  lands  from  them, 
making  them  drunk,  and  cheating  them  of  their  properly.  As  their 
merciless,  barbarous  methods  of  revenge  and  resentment  are  so  well 
known,  our  people  should  be  more  careful  how  they  provoke  them. 
*  "  Let  a  person  of  power  come  and  lake  five  or  ten  acres  of  my 
friend  John^s  land  from  him,  and  give  him  half  price,  or  no  price  for  it, 
bow  easy  and  resigned  he  would  be,  and  tamely  submit  to  such  usage  I 
But  if  an  Indian  resents  it  in  his  way,  instead  of  doing  him  justice, 
and  making  peace  with  him,  nothing  but  fire  and  faggot  will  do  with 
my  friend  John  !  He  does  not  search  into  the  bottom  of  these  insur- 
rections. They  are  smothered  up,  because  we  are  the  aggressors. 
But  see  ray  two  proposals^  in  the  October  Gentleman's  Magazine,  for  a 
peace  with  the  Indians. 

^  My  dear  John,  I  am  glad  thou  art  so  happily  recovered  from  that 
cruel  complaint ;  and  that  our  good  Colonel  escaped  those  terrible  fel- 
lows. I  hope  such  prudent  measures  will  be  taken  as  will  put  a  stop  to 
their  ravages,  and  establish  a  lasting  peace. 

^  The  peace  that  thou  art  so  merry  with,  in  your  mock  mourning,  is 
only  glorious  by  comparison  ;  I  mean  by  comparing  it  with  that  peace 
that  Pitt  would  have  made  (but  thanks  lo  our  enemies  could  not). 
Then  you  must  have  beeu  thankful  to  him  and  the  French,  that  they 
would  allow  you  to  keep  your  own  narrow  strip  of  land  ;  but  now  your 
bounds  are  so  extensively  enlarged,  how  ungrateful !  how  unthankful 
you  are !  for  ever  grumbling,  never  pleased.  I  refer  thee  to  the  pre- 
liminary of  Pittas  peace,  and  Bute's.  Facts  speak  louder  than  fac- 
tKHi.  We  all  know  here  what  Pitt's  peace  would  have  been,  and  what 
Bute's  is.  •••••• 
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**  What  a  glorious  ncene  is  opened  in  that  rich  country  about  Pensa* 
cola — if  that  despised  country  is  worthy  thy  visitation.  But  because 
Pitt  did  not  get  it,  thou  canst  not  renture  there  on  any  pretence  I  All 
beyond  the  Carol inas  is  forbidden  ground.  They  are  none  of  thy  dar- 
ling Pitt's  acquisition ! 

^^  But  thy  son  John  may  go  with  a  good  grace.  I  am  glad  to  find 
the  spirit  of  Elijah  rests  upon  him.  •  •  • 

^*  1  hope  what  I  have  writ  will  be  read  with  candor.  Our  long  friend- 
ship will  allow  us  to  rally  one  another,  and  crack  a  joke  without  offence, 
as  none  was  intended  by  thy  sincere  friend, 

P.  CoLLiNSON."— pp.  257-259. 

Again.  "  I  donU  wonder  they  should  be  jealous  of  the  invasion  of 
their  property.  Every  man  is  tenacious  of  his  native  rights ;  and  if 
you  invade  their  rights  you  must  take  the  consequences.  Let  those  be 
well  h€Mged^ — I  may  say  well  hanged — that  by  tbeir  unjust  proceed- 
ings provoked  the  Indians  to  hostilities,  knowing  beforehand  tbeir  cruel 
resentments." — p.  260. 

In  1765,  when  in  his  sixty-sixth- year,  Bartram  was  appointed 
the  King's  Botanist  in  America,  to  explore  the  newly  acquired 
country  of  Florida,  &a  The  appointmeot  was  announced  by 
Collinson,  in  a  letter  dated  April  9th,  1765. 

'^  I  have  the  pleasure  to  inform  my  good  friend,  that  my  repeated 
solicitations  have  not  been  in  vain  ;  for  this  day  I  received  certain  in- 
telligence from  our  gracious  King,  that  he  had  appointed  thee  his  bota- 
nist, with  a  salary  of  fifty  pounds  a  year ;  and  in  pursuance  thereof, 
I  received  thy  first  half-year's  payment  of  thy  salary,  being  twenty- 
five  pounds  to  Lady  day  last,  which  I  have  carried  to  thy  account         « 

^^  Now,  dear  John,  thy  wishes  are  in  some  degree  accomplished,  to 
range  over  Georgia  and  the  Floridas.  As  this  is  a  great  work,  and 
must  be  accomplished  by  degrees,  it  must  be  leA  to  thy  own  judgment 
how  to  proceed." — p.  268. 

^  John,  thou  knows  nothing  what  it  is  to  solicit  at  court  any  favor  ; 
nay,  though  it  is  for  their  own  interest,  they  are  so  taken  up  with  public 
afikirs,  little  things  slip  through  their  fingers.  For  all  I  can  do,  I  can- 
not get  thee  letters  of  recommendation  to  any  of  the  Governors. 

^^  All  I  can  at  present  do,  is,  our  good  friend  Ellis,  who  is  appointed 
to  an  office  in  the  Floridas,  has  writ  to  the  Governors  in  thy  favor.  I 
aend  one  here  enclosed,  and  will  send  the  other  by  next  ship.  *  * 
So  thou  must  make  the  best  of  it,  and  do  what  seems  most  agreeable 
to  thy  own  inclination.  Thou  may  think  the  appointment  not  enough. 
I  did  not  expect  any  thing.^  So  thou  may  use  it,  or  refuse  it,  as  thou 
likes  best,  or  search  as  far  as  the  salary  will  go  to  support  it.  In  this 
case,  I  cannot  advise  thee. 

"  As  thou  grows  in  years,  thou  will  do  well  to  consider  if  thy  present 
constitution  and  habii  of  body  can  undergo  the  fatigue  of  such  expe- 
ditions. •  •  •  •  • 

^'  Our  good  friend  B.  Franklin,  grows  fiatt  and  jolly.  There  is  hope 
of  accommodation."— pp.  269, 270.  •  •  • 
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Next,  ^^  It  was  hi^hij  acceptable  to  me  to  bear  of  my  dear  Mm*^ 
mfe  arrival  id  Carolina,  and  to  fiod  bit  botanic  genius  began  to  exert 
itself  in  new  discoveries,  I  wish  tbou  may  temper  tby  zeal  wiih  pru* 
dence,  but  I  do  not  think  it  an  instance  of  it  when  thou  and  Mrs.  Lrfim- 
boll  rambled  in  the  intense  heat  of  a  midday  sun^  Perhaps  it  was  to 
procure  thee  a  seasoning.^' — p.  270. 

^  Dr.  Solander  is  a  strange,  idle  man.  I  eapnot  get  thy  spring  spe- 
cimens from  him,  is  the  reason  tbou  hears  nothing  from  me  about 
them."— p.  271. 

But  there  is  no  room  to  continue  these  extracts,  nor  to  detail 
the  misfortanes  of  Billy,  (William  Bertram,)  who  would  be  a 
phnter  upon  the  St  John's  River,  and  so  get  into  trouble ;  nor 
to  advert  to  some  curious  bits  of  early  information  of  '^  seme  vast 
creatures,  with  the  long  teeth  or  tusks  of  elephants,  but  with 
great  grinders,  belonging  to  some  animal  not  yet  known." 

Gollinson's  last  letter  to  John  Bartram  ii  dated  July  6th,  1768. 
lliere  is  one  to  his  son,  Wm.  Bartram,  relating  his  continued  ex- 
ertions for  his  benefit,  dated  the  18th  of  the  same  month  ;  and 
he  died  on  the  11th  of  August,  in  the  75th  yest  of  his  age. 
Bartram  himself  nearly  reached  his  79th  year,  and  died,  as  Dr. 
Darlington  has  aseertained,  on  the  22d  of  Sep^mber,  1777. 

There  is  a  .correspondence  with  Dr.  Fothergill,  beginning  in 
1744,  and  contiiraed  to  1774.  This  distinguished  physician  and 
most  benevolent  man,  took  a  lively  interest  in  the  Bartrams,  fiither 
and  son,  especially  after  the  decease  of  Collinson.  A  single  ex- 
tract from  a  letter  of  his,  in  1769,  has  some  interest  from  its  men- 
tion of  a  name  afterwards  so  distinguished. 

"This,  perhaps,  will  be  delivered  by  Dr.  Rush^  a  young  man,  who 
has  employed  his  time  with  great  diligence  and  success  in  prosecuting 
his  studies  here  ;  who  has  led  a  blameless  life,  so  far  as  I  know ;  ana 
it  seems  but  just  that  those  who  have  endeavored  to  deserve  a  sood 
character,  should  have  it  when  it  may  be  of  use  to  them.'' — p.  341. 

Two  diort  letters  to  Lonnadus  are  printed  from  Bartram's 
draughts,  one  of  which  refers  to  a  letter  recently  received  from 
tile  Swedish  botanist.  ''  The  letters  from  Linnseus  to  Bartram 
are  all  missing." 

In  (me  of  t^ose  addressed  to  the  Rev.  Jared  Eliot,  of  Eitting- 
wortb,  Connecticnt,  Bartram  gives  him  a  detailed  account  of  hie 
mode  of  splitting  rocks,  even  seventeen  feet  long,  with  wedges ; 
— in  the  very  manner  now  practiced. 

There  are  few  letters  from  Franklin,  between  1757  and  1777. 
In  one  of  them,  dated  January  7,  1769,  he  sensibly  ui^es  Ber- 
tram to  tmdertake  no  more  long  and  dangerous  peregrinations,  at 
his  advanced  age,  but  to  devote  his  leisure  hours  to  <*  a  work  that 
is  much  wanted,  and  which  no  one  besides  is  so  capable  of  per- 
forming— ^I  mean  the  writing  the  natural  history  of  our  country* 
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I  imagine  it  wonld  prove  profitable  to  you,  and  I  am  ture  it  woold 
do  70U  honor.'' — p.  403.  Repeating  the  same  adrice  in  a  later 
letter,  Franklin  adds  in  the  Poor  Richard  vein : — 

^^  It  is  true,  many  people  are  fond  of  accounts  of  old  buildings,  mon- 
uments, &c. ;  but  there  is  a  number  who  would  be  much  better  pleased 
with  such  accounts  as  you  could  afford  them ;  and  for  one  I  confess, 
that,  if  I  could  find  in  any  Italian  travels,  a  receipt  for  making  Parme* 
san  cheese,  it  would  give  me  more  satisfaction  than  a  transcript  of  any 
inscription  from  any  old  stone  whatever." — p.  403. 

The  correspondence  of  Bartram  occupying  a  greater  number  of 
pages  than  was  expected,  the  editor  felt  obliged  to  restrict  very 
much  his  selections  from  the  correspondence  of  Marshall,  the  au- 
thor of  Arhusiuffh  Americanum, 

Humphry  Marshall,  the  founder  of  the  second  botanic  garden 
in  this  country,  and  the  author  of  '*  the  first  truly  indigenous 
botanical  essay  published  in  this  western  hemisphere,"  was  bom 
in  West  Bradford,  Chester  County,  Pennsylvania,  on  the  10th  of 
October,  1722.  His  father  was  a  native  of  Gratton,  in  Derby- 
shire, England,  who  came  to  Pennsylvania  about  the  year  1697, 
and  settled  near  Darby,  but  afterwards  removed  to  the  forks  of 
the  Brandywine.  Humphry,  who  was  the  eighth  of  nine  chil- 
dren, '^  used  often  to  state,  that  he  never  went  to  school  a  day 
after  he  was  twelve  years  of  age,  and  consequently  he  was  in- 
structed only  in  the  rudiments  of  the  plainest  English  education. 
He  was  employed  in  agricultural  labors  until  he  was  old  enough 
to  be  apprenticed  to  the  business  of  a  stone-mason,  which  trade 
he  followed  for  a  few  years,  and  until  his  marriage,  after  which 
he  took  charge  of  his  father's  farm.  In  1764,  he  built  with  his 
own  hands  a  brick  addition  to  the  paternal  dwelling,  when  he 
also  erected  a  green-house  adjoining  it,  "  doubtless  the  first  con- 
servatory of  the  kind  ever  seen,  or  thought  of,  in  the  county  of 
Chester."  From  the  second  story  he  projected  a  little  observa- 
tory, in  which  to  indulge  his  fondness  for  astronomical  observa- 
tions. Prom  the  letters  of  his  correspondents,  the  good  Dr.  Fotb- 
ergill  and  Dr.  Franklin,  we  find  that  the  latter  ordered  a  reflect^ 
ing  telescope  for  Marshall,  to  which  the  former  added  a  microscope 
and  a  thermometer,  and  paid  far  the  v>hole!  And  a  later  letter 
from  Franklin  acknowledges  the  reception  of  Marshall's  '^  oAmt- 
vatUms  on  the  spots  of  the  ^un,"  which  he  commimicated  to  the 
Royal  Society,  where  they  were  highly  spoken  of,  and  a  portion 
was  printed  in  the  Philosophical  Transactions,  vol.  64,  p.  194. 
In  1773,  he  purchased  a  tract  of  land  adjoining  the  site  of  the 
present  village  of  Marshallton,  where  he  built,  like  Bartram,  with 
his  own  hands  the  house,  of  which  the  editor  has  given  a  picto- 
rial representation.  At  the  same  time  he  laid  out  the  botanical 
garden  which  he  long  sustained,  and  which  "  soon  became  the 
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lecipieDt  of  the  most  interesting  trees  and  shrabs  of  our  country^ 
together  with  many  curious  exotics,  and  also  a  numerous  collec* 
tion  of  herbaceous  plants.''  In  1785,  his  account  of  our  forest 
trees  and  shrubs,  a  12mo  volume  of  about  800  pages,  was  pub- 
lished. He  attained  the  age  of  79  years,  but  with  a  partial  loss 
of  sight  during  his  later  years ;  and  died  on  the  6th  of  No- 
vember, 1801.  He  was  born  in  the  Society  of  Friends,  and  lived 
and  died  an  exemplary  member  of  that  fraternity. 

It  was  only  while  engaged  in  collecting  and  editing  the  bio- 
graphical materials  of  this  interesting  volume,  that  Dr.  Darling- 
ton ascertained  that  our  two  botanical  patriarchs  were  not  only 
men  of  kindred  minds  and  pursuits,  "  but  that  they  were  actually 
coiisins-german,  the  sons  of  two  sisters.  James  Hunt  of  King- 
sessing,  in  the  county  of  Philadelphia,  had  the  happiness  to  call 
thoee  ladies  his  daughters,  and  the  rare  privilege  of  enumerating 
two  of  the  earliest  and  most  distinguished  botanists  of  Pennsyl- 
vania among  his  grandchildren."  His  cousin  Bartram  ]Hrobably 
awakened  hts  enthusiasm  for  horticulture  and  botany,  and  pro- 
moted his  efforts.  Fitly  are  their  names  and  memorials  here  as- 
sociated, and  heartily  do  we  acknowledge  our  obligations  to  Dr. 
Darlington  for  the  unwearied  editorial  labors  which  have  given 
us  the  interesting  volume  that  we  have  now  so  inadequately  no- 
ticed,— a  volume  which  every  where  abounds  with  curious  and 
important  facts  for  the  naturalist  and  the  historian,  and  which  res- 
cues from  obUvion  so  many  memorable  particulars  of  the  lives 
and  times  of  our  earliest  devotees  to  science. 

Besides  the  notes  scattered  through  the  work,  the  editor  has 
given,  in  a  preface,  a  brief,  but  very  accurate  survey  of  the  pro^ 
gross  of  botany  in  North  America, — of  whieh  science  he  is  him- 
self one  of  the  most  sedulous  and  successfid  votaries.        A.  Gb. 


Abt.  XV. — Vibrations  of  Trevefyan^s  bars  by  the  OatvoHie 
Current;  by  Prof.  Chas.  G.  Pace,  Washragton,  D.  C. 

The  vibration  of  Trevelyan's  bars  by  the  motion  of  heat  is  an 
experiment  more  interesting  than  familiar,  and  one  which  has 
been  variously  and  vaguely  explained  by  most  authors.  It  will 
not  be  necessary  for  me  to  recapitulate  the  several  descriptions 
and  solutions  of  this  phenomenon,  as  the  novel  experiment  about 
to  be  detailed  will  embrace  substantially  the  whole  subject. 

About  a  year  since,  while  exhibiting  to  a  class  the  vibration  of 
Aese  bare  by  heat,  it  became  inconvenient  to  prolong  the  experi- 
ment, as  the  vibration  ceases  as  soon  as  the  temperature  of  the 
bar  is  somewhat  reduced,  and  I  was  induced  to  seek  for  some 
Hiethod  by  which  the  vibratory  motion  could  be  produced  and 

Bmxm>  Seeies,  YoL  IX,  Na  26r-Ja]i.,  1850.  14 
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continued  at  pleasure  wilhoot  the  trouble  of  reheating  the  bars 
for  each  trial.  After  various  fruitless  efforts  I  obtained  a  most 
beautiful  result  by  using  the  heating  power  of  a  galvanic  current. 
Fig.  1  shews  the  mode  of  performing  the  experiment  with  the 


battery.  A  and  B  are  the  two  forms  usually  given  to  Trevelyan's 
bars  which,  when  to  be  vibrated  by  the  action  of  heat,  are  made 
of  brass,  and  weighing  from  one  to  two  pounds,  and  after  being 
sufficiently  healed,,  are  placed  upon  a  cold  block  of  lead  as  seen 
in  fig.  2.      The  two  bars  2. 

may  be  placed  upon  the 
same  block  though  the  vi- 
brations are  apt  to  interfere 
when  two  are  used.  When 
the  bars  are  to  vibrate  by 
the  galvanic  current,  they 
may  be  of  the  same  size 
and  form  as  above,  and  of 
any  kind  of  metal, — ^brass  or 
copper  or  iron,  however,  seeming  to  be  most  convenient.  One 
or  both  of  the  bars  may  be  placed  at  once  without  reference  to 
temperature  upon  the  stand,  as  in  fig.  1,  the  bars  resting  upon  me- 
tallic rails,  E,  F,  which  lattor  are  made  to  communicate  each  with 
the  poles  of  a  galvanic  battery  of  some  considerable  heating 
power.  Two  pairs  of  Daniell's,  of  Smee's,  or  of  Grove's  battery 
of  large  size  are  sufficient.  The  battery  I  employ  consists  of  two 
pairs  of  Grove's  with  platinum  plates  four  inches  square.  The 
vibration  will  proceed  with  great  rapidity  as  long  as  the  galvanic 
current  is  sustained. 

In  fig.  2,  one  pole  of  the  battery  is  connected  with  the  metallic 
block  and  the  other  pole  with  mercury  in  a  little  cavity  in  the 
centre  of  the  vibrating  bar.  The  experiment  succeeds  much  better 
with  the  rails,  as  in  fig.  1,  and  quite  a  number  of  bars  may  be 
kept  in  motion  by  increasing  the  number  of  rails  and  passing  the 
curjpent  from  one  to  the  other  through  the  bars  resting  upon  them. 
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The  rails  are  best  made  of  bnsB  wire  or  a  strip  of  sheet  brass, 
though  other  metals  will  answer,  the  harder  metals  which  do  not 
ozydate  readily,  however,  being  preferred.  A  soft  metal  like  lead 
is  not  so  favorable  to  the  vibrations  in  this  experiment,  although 
ia  Trevelyan's  experiment  lead  seems  to  be  almost  the  only 
metal  that  will  answer  to  support  the  bar  which  is  usually  made 
of  brass. 

Prof.  Graham  and  other  authors  have  attributed  the  vibration 
of  Trevelyan's  bars  to  the  repulsion  between  heated  bodies,  and 
others  have  classed  the  phenomenon  with  the  spheroidal  state  of 
heated  bodies.  I  do  not  consider  that  any  repulsive  action  is 
manifested  or  necessary  in  either  of  these  cases,  nor  do  I  know  of 
any  instance  in  which  a  repulsion  has  been  proved  between  heat- 
ed bodies.  It  is  obvious  some  other  solution  is  required  for  this 
curious  {rfienomenon,  and  it  appears  to  me  that  the  motion  is  due 
to  an  expansion  of  the  metallic  block  at  the  point  of  contact,  and 
npon  this  supposition,  it  appears  plainly  why  a  block  of  lead  is 
leqaired.  That  is,  a  metal  of  low  conducting  power  and  high 
expansibility  is  necessary,  and  lead  answers  these  conditions  best 
lo  a  future  communication  I  will  anlayze  this  matter  and  explain 
more  fnlly. 

The  size  of  the  bars  may  be  very  much  increased  when  the 
galvanic  current  is  employed,  and  some  curious  motions  are  ob- 
served when  long  and  large  cylinders  of  metal  are  used.  If  they 
are  not  exactly  balanced,  which  is- almost  always  the  case,  they 
commence  a  slow  rolling  back  and  forth  until  finally  they  roll 
entirely  over,  and  if  the  rails  were  made  very  long  they  would 
go  on  over  the  whole  length.  An  inclination  of  the  rails  is  re- 
quired in  this  case,  but  it  may  be  so  slight  as  not  to  be  percepti*- 
ble  to  the  eye. 

8. 


T^ ^ 

If  along  rod  of  some  weight  be  placed  across  one  of  the  bars, 
as  shown  in  fig.  3,  the  vibrations  will  become  longer,  and  by  way 
of  amnsement,  I  have  illustrated  this  with  a  galvanic  see  saw  as 
it  may  be  termed. 
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It  is  w«U  known  that  where  mere  contact  (withont  metallic 
eontinuity)  is  made  by  metals  conveying  the  galvanic  current, 
the  metals  become  most  heated  at  the  points  of  contact,  and  if 
the  current  be  frequently  broken,  the  heat  at  these  points  is  still 
more  augmented  It  is  for  this  reason  we  are  able  to  use  various 
kinds  of  metals  for  the  experiment,  without  reference  to  their 
conducting  powers  and  expansibilities. 

Waahiogtoo,  D.  C^  Dec  8d,  1849. 


Abt.  XVI. — On  four  new  species  of  Hemiptera  of  the  generm 
Ploiariay  Chermes^  and  Aleurodes,  and  two  new  Hymen/oplenij 
parasitic  in  the  last  named  genus;  by  S.  S.  Halpeman. 

Ploiaria  MACUI.ATA,  HoU.  1847.  Proceed.  Acad.  Nat  Sc.  3, 15 1- 
Brown,  darker  beneath,  above  whitish  sericeous ;  liead  subglobu* 
lar  posteriorly,  eyes  black  and  prominent,  a  transverse  impression 
between  them :  antennae  and  feet  annulate  with  brown  and  white: 
mesonotum  fulvo-sericeous,  with  an  obbng  marginal  dark  brown 
macula;  base  transversely  rectilinear  between  the  wings,  with  a 
pale  medial  elongated  spine  directed  backwards  between  the 
closed  wings:  superior  wings  pale  gray  covered  with  whitish 
reticulations  and  pale  brown  maculae ;  apex  and  a  larger  marginal 
triangle  towards  the  base,  dark  brown,  divided  by  pale  reticula- 
tions, which  leave  a  series  of  large  spots  around  the  apex. — % 
lines  long.  Pennsylvania  in  June  and  July :  rare.  This  species 
is  the  analogue  of  the  European  P.  vagabunda^  to  which  it  bears 
a  close  resemblance.  The  first  description  was  taken  from  a  mu- 
tilated specimen. 

C HERMES  CASTANEJE.  Flavous,  thorax,  pectus,  and  eyes  black ; 
wings  translucent,  inner  half  of  the  stigma  scarcely  discolored  ; 
1st  and  3d  transverse  nervure  normal ;  2d  arising  from  the  middle 
of  the  1st  and  terminating  in  the  normal  position;  posterior 
wings  without  nervures :  feet  and  antennae  pale  fuscous.  The 
wingless  individuals  are  entirely  flavous,  with  the  eyes  rufous. 
Inhabits  both  sides  of  the  leaf  of  the  chestnut,  forming  lines 
along  the  midrib,  and  causing  the  leaf  to  curl.  Pennsylvania 
in  August  and  September. 

Aleurodes  abutilonea.  White,  body  pale  flavous,  with  a  tinge 
of  greenish :  wings  each  with  a  single  nervure,  the  superior  ones 
with  two  irregular  obscure  bands  across  them,  and  a  circular 
apical  spot :  eyes  black,  double  upon  each  side,  inferior  ones  large 
and  prominent :  thorax  above,  with  large  irregular  fuscous  spots ; 
abdomen  with  3  or  4  transverse  lines  of  the  same  color :  rostrum 
as  long  as  the  head,  2-articulate,  apex  black :  antennae  with  the 
basal  articulation  robust :  feet  with  short  hairs,  slender,  dimeroii& 
^  lin.  long. 
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Larma  oval,  plaoe  above  and  beneath,  elevation  about  one 
third  the  length,  periphery  vertical ;  pale  ffaivous,  the  larger  indi-* 
Tidoals  with  a  conspicuocis  dark  dorsal  vitta. 

Found  upon  the  lower  surface  of  the  leaves  of  Sida  (Abutilen) 
abutilon,  to  which  the  larva  is  immovably  attached.  It  is  some* 
times  so  abundant  that  there  are  from  50  to  100  in  half  an  inch 
square,  causing  the  leaf  to  curl  and  die.  The  perfect  insect  is 
very  active,  walking  and  flying  readily,  and  leaping  from  1  to  1^ 
inches.  It  seems  nearest  alUc^d  to  A.  bifasciatus,  Stepk,  When 
the  imago  first  appears  the  wings  are  more  translucent  and  the 
dark  fasciee  are  entirely  wanting,  so  that  it  might  be  taken  for  a 
distinct  species. 

Burmeister's  figure  of  A.  proletelia,  Liit.,  exhibits  2  nervures, 
probably  because  the  wings  were  in  contact  when  drawn,  which, 
on  account  of  their  translucency,  would  allow  the  nervures  of 
both  to  be  seen  at  the  same  time.  Found  in  Pennsylvania  from 
August  to  the  middle  of  October. 

A.  cosNL  Size  and  general  appearance  of  A.  abutilonea :  body 
pale  flavous:  eyes  black;  wings  pure  white,  without  bands. 
Pennsylvania  in  September  and  October ;  the  larva  and  imago  on 
the  inferior  surface  of  the  leaves  of  Cornus  sericea. 

Larva  flavous,  the  disc  of  the  larger  individuals  dark  brown : 
the  margin  is  ciliate  with  white.  A  great  many  are  destroyed  in 
the  larva  state  by  Amitiis  corni,  Haid.,  a  minute  parasitic  hyme- 
Dopterous  insect. 

Ajhtus,  (a  new  genus.)  Minute,  robust,  head  transverse,  eyes 
with  distinct  facets ;  palpi  0.  AntennsB  shorter  than  the  body, 
filiform,  geniculate;  in  the  i  densely  verticillate  from  the  3d  ar- 
ticulation, 10-articulate,  scapus  somewhat  curved,  thickened  to- 
wards its  apex,  nearly  as  long  as  the  3  following  ;  2d  short  and 
thick,  subfiisifarm,  its  apex  truncate ;  3d  as  long  as  the  2d  but 
thinner,  and  obconic ;  4th  nearly  as  long  as  the  2d  and  3d  united, 
lobust  towards  its  apex:  5-9  cylindrical  and  subequal,  but  be- 
coming shorter  to  waids  the  apex:  apical  artic.  elongate  conical 
with  its  apex  acute :  in  the  ^  8-articulate,  shorter  than  in  the 
male,  with  the  fusiform  apical  articulation  longer,  exceeding  the 
2  preceding  ones ;  the  2d  artic.  is  robusij  and  longer  than  in  the 
g.  Thorax  robust  and  elevated,  mesonotum  with  an  entire  trans* 
verse  impression.  Wings  covered  with  scattered  hairs ;  about  as 
long  as  the  entire  body,  the  greatest  width  of  the  anterior  ones 
eqiialling  one-third  their  length ;  widely  ciliate  from  the  apex  to 
Aeir  middle  on  the  posterior  side:  entirely  t£?f/Aou^  nervures; 
anterior  ones  with  the  radial  margin  obtusely  concave  ;  posterior 
ones  nearly  as  long  as  the  anterior  ones,  and  id  of  their  width, 
middle  of  their  anterior  margin  slightly  advanced  and  provided 
with  2  hooks  for  attachment  to  the  anterior  pair.  Abdomen  ses- 
sile, movable,  depressed,  eonvex  above  and  below,  subcordate, 
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fully  as  wide  as  the  thorax,  but  longer,  basal  aegment  eoatposing 
§  of  the  whole,  besides  which  there  are  4  small  segments  ( $  ) ; 
ovipositor  not  exserted.  Feet  {Si)  slender  elongate,  pentame- 
rous,  posterior  femora  incrassated,  anterior  tibia?  with  an  inferior 
apical  bifid  spine  curved  beneath  the  basal  artic.  of  the  tarsus, 
which  is  concave  beneath,  and  armed  with  a  dense  pectkiiform 
series  of  bristles  as  in  Cineius. 

The  chief  sexual  distinction  is  that  (in  addition  to  the  scapus) 
in  the  ^  the  2d  and  4th  articulations  of  the  antennae  are  incras- 
sated,  and  in  the  i  only  the  2d,  which  is  moreover  one  of  the 
longest  in  the  ^  and  one  of  the  shortest  in  the  <^.  Their  eloth* 
ing  is  also  distinct,  being  long,  rigid,  and  curved  forward  in  the  <^, 
and  short  and  straight  in  the  $.  The  antennae  have  no  pedi- 
cellus,  although,  from  their  translucency  at  the  joints,  the  round 
base  of  the  2d  articulation  moving  in  the  first,  bears  some  re* 
semblance  to  one. 

The  want  of  palpi  and  the  ciliaie  wings  would  place  this  genus 
in  Mr.  Westwood's  subfamily  Mymarides,  the  wings  however, 
are  not  narrowed,  and  there  is  no  vestige  of  a  nervure,  so  that  I 
prefer  considering  it  as  a  distinct  type  under  the  name  Amitides. 
The  name,  from  a,  ftivog  {a  thread,)  is  in  allusion  to  the  absence 
of  nervures. 

A.  ALEURODiMus.  Polishcd  back,  clothed  with  minute  white 
hairs ;  a  transverse  impression  above  the  mouth ;  antennae  rufous, 
apex  brownish ;  anterior  feet  and  all  the  trochanters  and  tarsi,  pale 
rufous ;  posterior  tarsi,  the  final  joint  of  the  others,  and  the  base 
of  the  anterior  femora,  discolored.  }  millim.  long,  or  1^  to  the 
end  of  the  wings  in  repose. 

Parasitic  in  the  larva  of  Aleurodes  corni,  Hald.,  of  which  it 
destroys  a  great  many.  I  found  it  with  that  insect  beneath  the 
leaves  of  Cornus  sericea,  on  the  margin  of  a  water  course.  It 
leaps,  walks  and  flies  with  facility,  and  when  touched,  simulates 
death.  The  antennae  are  kept  in  a  constant  state  of  vibration. 
I  have  kept  them  a  week  or  more,  living  in  confinement.  The 
ova  (crushed  from  the  ovaries)  are  fusiform,  rounded  at  one  ex- 
tremity and  produced  at  the  other  like  the  neck  of  a  flask. 

Two  mutilated  specimens  of  another  species  of  parasite  were 
raised  with  the  preceding  and  imperfectly  examined.  The  color 
is  pale  flavous;  the  wings  have  a  subcostal  nerve  not  quite 
straight,  ending  in  a  short  stigmal  branch  about  the  middle,  the 
wings  in  all  other  respects  as  in  Amitus ;  feet  slender  and  ap- 
parently pentamerous ;  eyes  black,  covered  with  numerous  short 
erect  bristles,  more  distinct  than  in  Chelontis :  head,  thorax  and 
abdomen  closely  united,  thorax  large,  abdomen  with  the  sides 
parallel  and  the  apex  obtusely  rounded,  in  one  specimen  (il)  the 
abdomen  seems  but  half  the  width  of  the  thorax,  and  in  the 
other  its  sides  form  straight  lines  with  it ;  antennce  (see  aimexed 
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figure)  5-«rticuIale,  shorter  than  the  body,  scapus  narrowed  to- 
mrds  its  apex,  2d  articulation  obconic,  3d  and  4th  very  short, 
5th  oar*^haped,  (whence  the 
generic  name,)  loDger  than  all 
the  preceding  united,  widened  C! 
towards  the  apex,  which  is  ob- 
tusely rounded.  It  may  possibly  be  parasitic  in  the  larva  of  the 
AnUtus  described  above,  as  it  is  somewhat  less  in  size.  I  pro- 
pose to  name  the  ^enus  Ebetmocerus,  and  the  species  E.  corni. 

CcdniBbia,  Pa,  Dec,  1849. 


SCIENTIFIC     INTELLIGENCE. 

I.   CfiEMISTRY  AND  PbTSICS. 

1.  Oil  the  comparative  Cost  of  making  various  Voltaic  Arrangements  ; 
by  Mr.  W.  S.  Waeo,  (Proc.  Brit.  Assoc.,  1849,  in  AiheD.,No.  1142.) 
—-The  author  staled  that  a  series  of  calculations  founded  on  data,  pro- 
duced to  the  Chemical  Section  at  Swansea,  showed  the  efficient  power 
of  three  generally  used  forms  of  battery  known  as  Smee^s,  DanielPs^ 
and  Grovels,  would  be  equal  when  100  pairs  of  Smee^s,  55  pairs  of 
Darnell's  or  34  pairs  of  Grove's  were  used,  and  that  (he  expense  of 
working  such  batteries  as  regards  a  standard  of  60  grains  of  zinc  in 
each  cell  per  hour,  would  be  about  6£^.,  lid.  and  Sd.  respectively. 

This  communication  led  to  conversations  on  the  economy  of  the  elec- 
tric light  and  electro-magnetic  engines,  in  which  Dr.  Faraday,  Mr. 
Shaw,  Mr.  Hunt,  Mr.  Elkington  and  other  gentlemen  joined.  Dr.  Far- 
aday remarked  on  the  imperfect  character  of  the  electric  light,  and  its 
inapplicability  for  the  purposes  of  general  illumination  ;  all  objects  ap- 
pearing dark  when  the  eye  was  embarrassed  by  the  intensity  of  the 
electric  arc. — Mr.  Shaw  and  Dr.  Percy  instanced  the  magneto- electric 
machines  which  are  employed  at  Birmingham  for  electro-plating,  in 
which  the  current  cost  of  the  motive  power— viz.,  a  steam-engine  to 
put  the  magneto-electric  machine  in  action,  was  the  only  working  cost. 
— Mr.  Elkimgtom  stated  that  they  had  never  been  induced  to  abandon 
the  voltaic  battery  which  they  employed  in  their  manufactory,  finding  it 
more  economical  than  the  magneto-electrical  machine  of  which  he  was 
the  patentee.  He  also  stated  the  remarkable  fact  that  a  few  drops  of 
the  sulphuret  of  carbon  added  to  the  cyanid  of  silver  in  the  decompo- 
sing cell,  had  the  property  of  precipitating  the  silver  perfectly  bright, 
instead  of  bein((  granulated  so  dead  as  it  is  when  thrown  down  from 
the  solutions  ordinarily  employed. 

2.  Researches  on  Wax;  by  Benjamin  Collins  Brodib,  (Phil.  Mag* 
for  Oct.,  1849,  p.  244.) — In  this  Journal  for  May,  1849,  we  have  givea 
an  abstract  of  the  first  and  second  memoirs  of  the  author  upon  this  sub- 
ject ;  -the  present  is  a  continuation  of  the  same  investigation,  and  we 
can  bestow  upon  it  no  higher  praise,  than  to  say  that  it  is  throughout 
characterized  by  the  ability  and  conscientious  accuracy  which  com- 
mended the  previotis  memoirs  to  the  confidence  of  chemists.    In  these 
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it  will  be  rmnembered  be  has  describsd  cerime^  the  pert  of  ordinary 
wax  soluble  in  boiliog  alcohol ;  which  cooeiatfl  eeeeoiially  of  cerotic 
acid  in  a  free  staie.  The  Chinese  wax  was  found  to  be  a  compound 
ether,  analogous  to  spermaceti,  which  by  fusion  with  potash  is  resolved 
into  a  cerotate  and  cerotol^  the  latter  the  alcohol  of  this  series  (C^^). 

The  portion  of  ordinary  wax  which  remains  after  repeated  treatment 
with  boiling  alcohol,  is  generally  designated  as  myricine ;  it  is  greenish, 
uncrystal line,  and  melts  at  64^  C.  Dilute  potash  has  no  action  upon  it,  but 
it  is  saponified  by  boiling  with  a  concentrated  solution,  or  fusion  with  hy- 
drate of  potash.  The  result  is  a  mixture  of  potash  sahs  with  neutral 
bodies  analogous  to  cerotol ;  but  the  separation  of  these  is  very  difficult 
and  tedious ;  by  decomposing  the  soap  by  an  acid,  and  treating  the 
mixture  with  alcohol,  the  greater  solubility  of  the  acids  effects  a  par* 
tial  separation.  The  neutral  waxy  matter  thus  obtained,  yields  by  re- 
peated crystallizations  from  ether,  or  better  from  coal  naphtha,  a  highly 
crystalline  body  of  a  satiny  lustre  and  a  fixed  melting  point  of  85^  C. 
This  substance  which  constitutes  the  greater  portion  of  the  myricine  is 
a  new  alcohol  which  yields  by  analysis  the  formula  C^^,  Hg^  Oj  (C^^ 
He2  O) ;  to  this  the  author  gives  the  name  of  melissine^  but  for  rea^ 
sons  given  in  speaking  of  the  alcohol  of  cerotic  acid,  melissol  would 
be  preferable.  By  fusion  with  potash  lime  it  yields  melissic  acid  C^^ 
Hg^O^  (C3Q  Hg^jOj),  which  resembles  the  preceding  wax  acid  but 
f^ses  at  88°-— 89®  C.  The  action  of  chlorine  upon  melissol,  a  chlorin- 
ized  aldehyde,  chlor-melal  (melUsal) ;  its  action  with  sulphuric  acid  is 
also  precisely  similar  to  cerotol,  a  coupled  acid  being  formed.  By  heat, 
part  distils  unchanged,  and  part  is  converted  into  water  and  a  hydro- 
carbon. 

The  principal  acid  resuhing  from  the  saponification  of  myricine,  is 
one  which  when  purified  from  accompanying  acids  still  more  fu&ible, 
has  a  fixed  melting  point  of  62®  C.  This  was  found  by  its  analysis 
and  by  that  of  its  silver  salt,  to  be  the  palmitic  or  ethalic  acid  C32  H32 

The  distiuation  of  myricine  gives  a  mixture  of  acids  and  hydro-car- 
bons ;  the  first  part  of  the  distillate  consisting  almost  entirely  of  acids 
and  the  final  portions  of  the  hydrocarbons ;  an  odor  of  butyric  acid  is 
observed  during  the  process.  The  whole  product  was  saponified,  and 
the  acids  resulting,  when  purified  by  repeated  crystallization,  gave  pure 
palmitic  acid. 

Among  the  hydrocarbons  is  one  which  from  the  examination  of  Ett- 
ling,  was  supposed  to  be  identical  with  the  parafine  of  Reichenbach 
and  isomeric  with  defiant  gas.  Mr.  Brodie^s  analyses  confirm  those  of 
Ettling,  but  the  fusing  point  of  the  hydro-carbon  from  waj^,  when  pu- 
Hfied  by  pressing  in  blotting  paper,  repeated  crystallization  from  ether, 
distillation  from  potassium,  and  re-crystallization  from  ether,  is  raised  to 
62®  C,  while  the  paraffine  of  Reichenbach  melts  at  43®*5  C.  The 
analyses  of  this  substance  show  that  it  is  one  of  the  hydro-carbons  rep- 
resented by  (C2  ^2)^  (^  ^^  ^'  ^erhardt^s  notation,)  and  as  the  differ- 
ence between  its  fusing  point  and'  that  of  melissol  is  the  same  as  exists 
between  cerotene  and  its  corresponding  alcohol,  the  author  regards  this 
as  the  hydrocarbon  Cg^,  Hg^  (C30  Hg^,)  and  designates  it  as  melene 
(better  melistene). 
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Bj  careful  cryttallizntion  from  ether  or  a  mixture  of  ether  and 
naphtha,  a  highly  cryataliine  substance  may  be  obtained  from  crude 
royricioe,  (fusing  at  64®  C.)i  which  has  a  melting  point  of  72""  C.  The 
Dombers  obtained  by  its  combustion  correspond  very  closely  with  the 
formula  0^2  H93  O^,  which  is  that  of  the  palmitic  ether  of  melissol ; 
this  compound  is  regarded  by  the  author  as  the  origin  of  the  alcohol 
and  acid  obtained  by  the  saponification  of  myncine. 

The  other  products  of  the  saponification  are  neutral  bodies  of  lower 
fosing  points  than  melissol,  which  by  the  action  of  potash  and  lime 
yield  acids  apparently  belonging  to  the  type  On  B  (C  H)n  O^,  but 
they  have  not  yet  been  obtained  sufficiently  pure  to  be  well  character- 
izad.  Associated  with  the  palmitic  acid  is  another  acid,  soA,  very  sol- 
able  and  of  a  low  melting  point;  but  its  separation  from  the  palmitic 
acid  is  very  difficult.  A  specimen  of  beeswax  from  Ceylon,  fusing  at 
65'*5  C,  was  found  to  contain  not  cerotic  acid,  but  to  possess  all  tbe 
characters  of  the  crude  myricine  from  ord'mary  wax,  yielding  by  sapo- 
nification melissol  and  palmitic  acid.  T.  S.  Hunt. 

^  On  the  PhosphoAc  Ethers;  by  F.  Voobli. — (Compt.  Rend,  des 
Trav.  de  Chemie,  March,  1849,  p.  85,  from  Pogg.  Anal.,  t.  Ixxv,  p.  282.) 
When  phosphoric  anhydrid  is  exposed  to  the  vapor  of  ether,  it  absorbs 
it  and  becomes  liquid  ;  this  liquid  diluted  with  water  and  saturated  with 
carbonate  of  lead,  yields  a  precipitate  of  phosphate  of  lead  with  the 
ipariogly  soluble  phosphovinate  PO^,  C^  H^  O,  2PbO;  the  solution 
eraporated  at  a  low  temperature,  yields  first  iaminee  of  the  latter  salt, 
sad  finally  groups  of  needles  of  a  new  compound,  which  the  author 
calls  biethereophosphate  of  lead,  PO5, 20^  H^  O,  Pb  O.  This  salt  fu- 
ses at  356**,  and  at  a  higher  temperature  is  decomposed  into  phosphate 
and  phosphovinate  of  lead,  with  the  evolution  of  white  vapors  which 
condense  into  a  neutral  colorless  liquid,  miscible  with  ether,  alcohol, 
tod  even  with  water.  This  M.  Vogeli  regards  as  the  phosphoric  ether 
POjfSC^H^O.  Phosphoric  anhydrid  with  absolute  alcohol  likewise 
fbraishes  the  two  acids ;  and  ether  dissolves  in  syrupy  phosphoric  acid^ 
bm  produces  only  the  ordinary  phosphovinate. 

[These  new  vinids  illustrate  beautifully  M.  Grerhardt's  views  of  the 
fboctions  of  polybasic  acids,  and  his  law  of  basicity.*  The  phosphoric 
acid,  which  is  tribasic,  has  hitherto  been  known  to  yield  but  one  com^ 
pound  with  alcohol,  the  phosphovinic  acid,  which  being  the  product  of 
its  reaction  with  but  one  equivalent  of  alcohol,  is  necessarily  bibasic. 
The  new  acid  containing  the  elements  of  two  equivalents,  is  monobasic, 
while  tbe  third  compound  with  three  equivalents  of  the  vinic  elements 
is  in  accordance  with  the  same  law,  neutral.  In  relation  to  phosphoric 
acidPHjO^  (P^O^fSHOin  the  Berzelian  notation),  these  are  deri- 
ved from  its  reaction  with  respectively  one,  two,  and  three  atoms  of  alco- 
hol, C3  Hg  O,  and  the  elioHnation  of  a  corresponding  number  of  atoms 
of  water.  The  first  acid  being  already  known  as  the  phosphovinic^  the 
new  acid  may  be  appropriately  called  the  pho$phodU>iniCy  and  the  neu- 
tral ether,  phosphotrimmd  or  phosphovinid.  Their  formulas  in  the  no- 
ineoelature  of  M.  Grerhardt  will  be 

*PrM3  de  Chim.  Org^  tom.ler,  p.  102.    Abo  this  Journal,  S^>i.,  1847,  p.  177, 
ad  July,  1849,  p.  89,  ^  9eq. 
Smxmh)  Ssans,  VoL  IX,  Ka  26.--Jaa,  I860.  16 
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Phosphate,         ....        P(H3)04 
Phospbovroale,  .         .        .         P(H2,C2  H^  O)  O^ 

PhosphodiTioale,        .         .         .        P(H,2C2  H^  O)  O^^ 
PhosphoiriviDid,         .         .         .         P(8C2  H.  O)  O..] 

T.  S.  H. 

4.  On  the  Estimation  of  NUrout  aeid;  by  H.  Schwarz. — (Liebig's 
Annalen,  April,  1849. )-*-Thi8  process  is  foufided  oo  the  decomposition 
of  urea  by  nitrous  acid  into  carbonic  acid  and  oitrogeo,  noticed  by  M. 
Mtllon,  knd  employed  by  him  in  the  estimatioft  of  urea.  (See  this 
Jour,,  vol.  vi,  p.  256.) 

The  well  known  twin  flask  apparatus  of  Will  and  Fresenius  is  used ; 
in  one  flask  sulphuric  acid  is  employed  as  usual — in  the  other  a  solu* 
tion  of  urea  and  the  nitrite  to  be  analyzed.  The  apparatus  is  weighed, 
sulphuric  acid  is  drawn  over,  and  when  the  reaction  is  finished,  a  suffi- 
cient quantity  of  air  is  passed  through  the  flasks,  and  a  second  weighing 
gives  the  loss  of  CO^  and  N.  A  loss  of  i -00  answers  to  -76  of  nitrous 
acid.  *         G.  C.  Schjbffkr. 

5.  N9»  mode  of  preparing  Nitrogen  ;  by  B.  Corbnwindrb. — (Ann. 
de  Chim.  et  de  Phys.,  July,  1849.) — No  former  process  for  obtaining 
pure  nitrogen  is  both  easy  and  expeditious.  The  author  employs  the 
remarkable  decomposition  of  nitrite  of  ammoala  by  heat,  into  nitrogen 
and  water — but  instead  of  the  salt  formally  prepared,  he  makes  use  of 
solution  of  nitrite  of  potash  and  hydrochlorate  of  ammonia.  Through 
a  solution  of  caustic  potash,  sp.  gr.  1*38,  is  passed  nitrous  gas  (obtain- 
ed from  the  reaction  of  starch  1  pU  and  nitric  acid  10  pts.)  until  the 
product  is  acid,  the  solution  is  then  made  alkaline  by  caustic  potash, 
and  may  be  preserved  in  this  state  without  change.  To  prepare  nitro* 
gen,  add  to  1  vol.  of  this  solution  3  vols,  of  very  strong  solution  of  hy- 
drochlorate of  ammonia,  and  beat  moderately  in  a  small  flask — the  gas 
is  disengaged  very  soon,  and  the  decomposition  goes  on  very  regularly. 
To  remove  the  small  quantity  of  ammonia  set  free  by  the  slight  excess 
of  caustic  potash,  the  gas  must  be  passed  through  water  acidulated  with 
sulphuric  acid.     The  nitrogen  thus  obtained  is  said  to  be  perfectly  pure. 

[An  economical  substitute  for  the  solution  of  the  nitrite  prepared 
as  described  above,  would  be  found  in  the  nitrite  of  potash  obtained 
by  cautiously  heating  nitre — io  this  case  there  would  be  sufllcient  excess 
of  alkali  to  ensure  the  stability  of  the  salt  in  solution.]  G.  C.  S. 

6.  New  Proceeefor  detecting  Iodine  and  Bromine ;  by  M.  A.  Ret- 
voso. — (Compies  Kendiis,  April,  1849.) — To  avoid  the  well  known 
difficulties  in  the  use  of  chlorine,  it  is  proposed  to  employ  peroxyd  of 
hydrogen  to  set  free  the  iodine  or  bromine.  A  fragment  of  binoxyd 
of  barium  is  put  into  a  test  tube,  and  water,  hydrochloric  acid  and 
starch  paste  are  added — when  we  wish  to  test  for  iodine,  as  soon  as  bub- 
bles arise,  the  liquid  to  be  tested  is  poured  in.  In  testing  for  bromine, 
ether  most  be  substituted  for  starch  paste. 

When  sulphurets,  sulphites,  or  hyposulphites  are  present,  on  account 
of  the  absorption  of  oxysen  to  form  sulphates,  d&c.,  more  than  the 
usual  quantity  of  peroxyd  of  hydrogen  is  required.  The  sulphate  of 
baryta  formed,  retards  the  action  unless  the  mixture  is  agitated,  and  in 
fact  it  is  better  in  all  cases  to  do  so  to  hasten  the  evolution  of  the  peroxyd 
of  hydrogen.  This  process  is  said  to  indicate  the  presence  of  less  thaa 
1  part  of  iodide  of  potessium  in  100,000  of  water.  G.  C.  S. 
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1.  Onikt  ammmi  of  Ammonia  eomUtmed  iH  the  Atmosphere ;  by  M. 
FftBSENius. — The  quantitative  determtoauon  of  the  ammonia  in  the  at- 
moBphere,  by  M.  Grager,  gave  0-828  grros.  ammonia  or  0-^88  carb. 
anun.  in  ifiOOfiOO  grm.  of  air.  In  this  determination,  the  quantity  id 
ammonia  already  existing  in  the  chlorid  of  platinum,  (used  to  precipi- 
Uite  the  ammonia  collected  from  the  air,)  was  not  determined.  In  an 
experiment  made  by  Dr.  Kemp,  8*68  grms.  of  ammonia,  or  10*87  car- 
bonate of  ammonia  were  obtained.  In  this  case  the  ammonia  was  ab> 
lorbed  by  a  solution  of  corrosive  sublimate,  and  the  quantity  estimated 
from  the  white  precipitate  formed. 

The  very  great  discrepancies  in  tbese  experiments,  led  M.  Presenilis 
to  renew  the  investigations.  1'wo  gasometers  of  10,000  cub.  oentim»*> 
trss  (610  cub.  in.  or  about  11  qts.)  each,  were  arranged  so  as  to  fill 
one  in  the  day,  the  other  at  night.  To  each  of  these  there  was  at* 
tacbed  a  collecting  apparatus  of  two  small  flasks  connected  together 
and  containing  dilute  hydrocfaloric  acid  (1  pt.  acid  sp.  gr.  1*12,  and  20 
ptt.  water).  For  forty  days  the  air  was  passed  through  the  apparatus. 
The  quantity  passed  by  day  was  345^^50  cub.  cent,  (about  12*2  cub* 
fL)  by  night  344,250  cub.  cent,  (about  121  cub.  A.) 

The  usual  precautions  in  estimating  ammonia  by  chlorid  of  platimun 
were  observed.  The  ammonia  already  existing  in  the  chlorid  of  plati- 
Bum  was  estimated,  making  use  of  the  same  quantity  as  that  employed 
io  the  two  experiments.  The  ash  of  the  filters  was  also  very  carefully 
determined. 

The  air  which  passed  during  the  day  and  night  gave  respectively 
-0027  and  -0029  of  platinum  and  ash,  from  which  -00064  and  -00067 
were  to  be  deducted  for  the  ash,  and  -00182  for  platinum,  from  deter- 
mjoation  of  ammonia  previously  existing  in  the  chlorid.  The  remain- 
ders were  -00024  and  -00041  platinum.  From  this  it  would  result  that 
1,000,000  grros.  of  air  contain  during  the  day  *098  grm.  of  ammonia,  or 
'283  carb.  amro.— during  the  night  -169  ammonia,  or  -474  carb.  amm. 

The  author  presents  these  results  as  an  approximation,  the  quantity 
of  ammonia  obtained  being  too  small  for  accurate  results,  as  any  error 
io  weighing  or  determining  the  ash,  would  produce  an  enormous  diier- 
eoce  in  the  results.  G.  C.  S. 

S.  On  the  varieliee  of  Chloroform ;  by  MM.  Soubbiran  and  Mi- 
ALHi. — (Joum.  da  Pharm.,  July,  1849.)«-Chloroform  is  obtained,  as  is 
known,  both  from  common  and  methylic  alcohol  (pyroxyltc  spirits) — 
the  products  although  generally  considered  as  identical  in  composition, 
bsTe  such  diflerent  properties  as  to  render  an  investigation  very  de- 
sirable. 

The  methylic  chloroform  differs  from  the  alcoholic  in  having  an  em- 
pyreomatic  aod  nauseous  odor,  a  lower  specific  gravity  and  a  lower 
boiling  point,  while  its  effects  upon  the  system  are  disagreeable,  produ- 
eiog  Mckness  and  heaviness  in  the  bead.  The  properties  are  commu- 
nicated by  a  substance  which  could  be  separated  by  repeated  rectifica- 
tkm  over  chlorid  of  calcium,  the  salt  retaining  it  By  washing  with 
water,  an  oil  was  separated,  lighter  than  water,  with  a  boiling  point  ri- 
liog  from  185^  to  271^,  and  possessing  a  peculiar  and  very  strong  em- 
pyreimiatic  odor.  Chlorine  is  a  constituent.  Sulphuric  acid  was  found 
to  be  the  most  suitable  substance  for  destroying  this  impurity  of  the 
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ohiofoibrm,  wbiek  wms  then  found  to  be  in  every  respect  identical  with 
that  obtained  from  common  alcohol. 

This  impurity  amounted  in  some  commercial  chloroforms  to  6  per 
cent.  Chloroform  from  common  alcohol,  furnished  a  very  small  quan- 
tity of  an  oil  containing  chlorine,  but  differing  from  that  before  de- 
Boribed. 

The  authors  consider  these  oils  as  chlorinated  compounds  intermedi- 
ate between  chloroform  and  one  of  the  chlorids  of  carbon.  They  also 
advise  that  the  preparation  from  met  hylic  alcohol  should  not  be  used 
for  inhalation,  even  that  from  common  alcohol  needing  a  redistillation, 
as  the  residue  obtained  will  be  found  to  produce  in  a  remarkable  degree 
headache  and  giddiness. 

The  authors  have  also  noticed  the  curious  fact  that,  when  chloroform 
is  poured  upon  a  double  filter,  part  runs  through  and  part  is  congealed 
by  rapid  evaporation,  into  silky  scales.  G.  C.  S. 

9.  On  the  Composition  of  Shea  Butter  and  Chinese  Vegetable  Tal* 
low;  by  Dr.  R.  T.  Thomson,  and  Mr.  E.  T.  Wood,  (Phil.  Mag.,  May, 
1849.)-^-The  Shea  butter  first  noticed  by  Mungci  Park,  appears  to  be 
very  abundant  in  the  regions  along  the  Gambia  and  Niger,  and  consti- 
tutes one  of  the  principal  articles  of  commerce  among  the  African  na- 
tives. It  is  apparently  identical  with  the  Galam  butter,  and  is  obtained 
from  a  species  of  Bassia.  The  fruit  of  this  tree  is  about  the  size  of  a 
pigeon's  egg — with  a  shell  about  as  thin,  and  *^  the  kernel  when  new  is 
Dearly  all  butter.'* 

The  fat  as  obtained  by  crushing  the  nut  and  Jboiling  with  water,  is 
white  with  a  shade  of  green — solid  at  common  temperatures,  like  sod 
buxxer  at  25*^,  and  a  clear  liquid  oil  at  110''. 

Whan  saponified,  this  oil  yields  a  fat  acid,  which  when  purified  from 
a  small  quantity  of  oleic  acid,  fuses  at  142^,  and  on  analysis  proves  to 
be  margaric  acid. 

Chinese  vegetable  tallow  has  been  long  known  as  derived  from  the 
fruit  of  the  Siillingia  sebifera,  it  is  hard  and  white,  with  a  shade  of 
green.  It  fuses  at  about  80^.  Saponified  it  yields  an  acid  which  soA- 
ens  at  143^,  but  only  becomes  quite  fluid  at  IM"".  The  authors  suppose 
it  to  be  principally  margaric  acid  with  a  mixture  of  stearic. 

Frpm  the  apparently  unlimited  supply,  it  is  suggested  that  both  of 
these  oils  might  be  advantageously  employed  in  soap  making.     G.  C.  S. 

10.  On  the  occurrence  of  Butyric  Acid  in  the  Fruits  of  the  Soap  tree ; 
by  Dr.  von  Gorup  Besanbz,  (Journ.  fur  Prakt.  Chem.  in  Chem.  Gaz.) 
— The  seeds  of  the  Sapiodus  saponaria,  when  pounded  and  softened  in 
water,  are  used  for  washing  linen.  The  peculiar  odor  led  to  an  exam- 
ination. On  distilling  with  water  combining  the  distillate  with  soda', 
and  again  distilling  with  sulphuric  acid,  a  quantity  of  pure  butyric  acid 
was  obtained. 

The  fruit  of  the  tamarind  by  the  same  treatment  furnished  formic 
and  acetic  acids,  the  odor  of  butyric  acid  was  at  the  same  time  devel- 
oped. As  formic  acid  was  also  obtained  from  the  fruit  of  the  soap  tree, 
and  as  tartaric  acid  exists  in  both  fruits,  the  author  is  disposed  to  think 
that  the  butyric,  acetic,  and  formic  acids  are  derived  from  the  oxydation 
of  tartaric  acids.  With  this  opinion,  as  far  as  butyric  acid  is  eon* 
oernadt  few  chemists  will  agree.  G.  C.  S. 
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11.  Or  the  frtp&rntion  of  Hypo$ulphUe  of  Soda;  by  M.  FAesT, 
(Joura.  de  Pharm.,  May,  1849.) — The  salt  of  commerce  contains  more 
or  less  of  sulphate;  if  prepared  from  bistdphite  of  soda  and  sulphur, 
the  product  contains  a  large  quantity  of  sulphate  and  but  little  hypo- 
sulphate.  The  neutral  sulphite  should  therefore  be  used.  It  is  best 
prepared  by  the  following  process. 

A  solutioo  of  carbonate  of  soda  is  divided  into  two  equal  portions, 
one  of  them  is  saturated  with  sulphurous  acid  to  form  the  bisulphite, 
which  is  then  rendered  neutral  by  the  second  portion.  There  is  pres* 
ent  however,  an  excess  of  sulphuric  acid,  owing  to  the  solvent  action  of 
the  water.  This  is  to  be  expelled  by  boiling  before  adding  the  sulphur, 
which  may  be  added  aAerwards  and  the  solution  boiled  without  rifi^. 

G.  C.  S. 

12.  On  the  am4nuU  of  Lime  in  Lime  Water ;  by  M.  Wittstein,. 
(Buchner^s  Report  in  Chem.  Gaz.) — Of  cold  water,  792  parts  dissolve 
1  part  of  anhydrous  lime.  The  solution  in  boiling  water  gave  uncer- 
tain results — 1311,  1495  and  1579  parts  of  boiling  water  dissolving  1 
of  lime. 

13.  On  the  preparation  of  Succinic  acid  from  Malale  of  lime;  by 
LiBBiG,  (Ltebig's  Ann.,  April,  1849.) — Piria  has  shown  that  impure 
asparagine  in  solution  fernoents  and  furnishes  succinate  of  ammonia. 
(See  this  Journal,  vol.  vi,  p.  421.)  Now  asparagine  is  simply  the  amid 
of  malic  acid  (nnalamid).  M.  Dessaignes  with  a  view  to  confirm  the 
relation  between  malic  acid  and  asparagine,  devised  the  following  ex- 
periment. Neutral  malate  of  lime  was  exposed  under  water  for  about 
3  minutes — at  the  end  of  which  time  besides  carbonate  of  lime,  muci* 
lagioous  matter,  d^.,  there  was  obtained  a  crop  of  crystals  which  afford* 
ed  succinic  acid.  Liebig  has  fouud  that  a  fermentation  got  up  with 
yeast  or  putrefying  cheese,  produces  the  same  result  in  a  far  shorter 
time.  The  following  proportions  are  recommended,— 3  pounds  crude 
malate  of  lime  are  mixed  with  10  lbs.  water  at  104"  and  4  oz.  putrid 
cheese  previously  rubbed  up  with  water.  At  86**  to  104*^  the  fermenta- 
tion is  over  in  five  or  six  days.  The  heavy  granular  crystalline  deposit 
formed,  is  a  double  salt  of  succinate  and  carbonate  of  lime.  This  is  to 
be  well  washed  with  cold  water,  and  dilute  sulphuric  acid  added  until 
eflfervescence  ceases:  an  equal  amount  of  dilute  sulphuric  acid  is  again 
added  and  the  whole  boiled  until  the  granular  form  of  the  deposit 
disappears.  A  linen  bag  is  used  to  separate  the  gypsum  which  is 
washed,  and  the  liquid  in  them  concentrated  until  a  pellicle  appears. 
Concentrated  sulphuric  acid  is  then  added  to  decompose  some  bisuccioate 
of  lime  remaining  in  the  succinic  acid.  Water  is  next  added  and  the  suc- 
cinic washed  out  and  purified  as  usual.  3  lbs.  of  malate  of  lime  fur- 
nished 15  to  16  oz.  of  dazzling  white  acid. 

[In  the  United  States,  the  cheapest  source  of  malic  acid  is  the  common 
sumach,  the  salt  contained  in  the  heads  of  this  plant  is  the  acid  malate 
of  lime,  which  should  be  neutralized  for  the  preceding  process. 

h  is  rather  singular  that  M.  Liebig  should  lay  the  whole  obligation  of 
acieix^  for  this  discovery  to  the  account  of  M.  Dessaignes,  white  his 
experiments  were  undertaken  with  direct  relation  to  those  of  Piria 
which  are  much  older,  as  shown  by  the  above  reference  to  the  pages 
of  this  Journal.]  G.  C.  S. 
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14.  Chemical  Analyns  of  a  Calcubufrom  ik$  Uadder  «f  a  Whale  ; 
by  WiLLUM  Kbllbr,  M.  D.,  (Proc  Acad.  Nat.  Sci.,  Pbilad.,  July,  1849, 
p.  185.) — Whalers  report  that  it  b  not  unusual  to  find  a  number  of  cal- 
culi in  the  bladder  of  the  whale.  These  calculi  are  about  the  size  of 
a  hen^s  egg,  on  the  surface  very  smooth,  and  of  a  while  color.  Go 
breaking  them  they  are  seen  to  be  formed  of  concentric  layers,  from 
the  thickness  of  a  sheet  of  paper  to  that  of  a  quarter  of  an  inch  ;  the 
chemical  composition  throughout  being  very  nearly  tbe  same.  Mr. 
Saul  Muller  and  myself  took  for  analysis  different  layers,  and  found 
them  of  the  same  composition.  The  chief  constituent  of  the  calcu- 
lus is  the  double  phosphate  of  ammonia  and  magnesia.  The  quantity 
of  ammonia  could  not  be  directly  ascertained,  passing  off  at  the  sum* 
mer  temperature.  But  it  will  be  seen  that  the  quantity  of  phosphate  of 
magnesia  found,  will  answer  to  the  quantity  of  ammonia  and  water 
Ibund  necessary  for  the  formation  of  tt^  double  phosphate. 

^The  pulverized  stone  was  first  exposed  to  the  heat  of  a  water  bath, 
to  ascertain  the  quantity  of  water ;  heated  with  ether  and  alcohol  to 
find  the  quantity  of  fat ;  then  dissolved  in  nitric  acid,  the  residuum  in- 
cinerated, the  loss  was  organic  matter  and  uric  acid,  while  the  residu- 
um was  silicic  acid.  The  quantity  of  magnesia  was  ascertained  as  am- 
moniaco-magnesian  phosphate,  the  phosphoric  acid  as  phosphate  of  iron. 
The  carbonic  acid,  the  quantity  of  which  was  very  small,  was  found 
by  the  apparatus  of  Will  and  Fresenius.  The  rest  of  the  component 
parts  were  in  such  small  quantities  that  they  could  not  be  weighed ; 
they  were  iron,  lime,  chlorine  and  soda.  The  ammonia  and  water 
were  ascertained  by  calculation. 
Foand. 
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15.  On  the  presence  of  Fluorine  in  the  Waters  of  the  Firth  ofForth^ 
the  Firth  of  Clyde^  and  t/ie  German  Ocean ;  by  G.  Wilson,  M.D.,  (Proc. 
Brit.  Assoc,  1849,  in  Athen.,  No.  1142.)— In  1846,  the  author  announced 
the  discovery  to  the  Royal  Society  of  Edinburgh,  of  fluorine  as  a  new 
element  of  sea  water.  He  was  led  to  search  for  it,  after  observing  that 
fiuorid  of  calcium  possesses  a  certain  small  but  marked  solubility  in  wa- 
ter, which  explains  its  occurrence  in  springs  and  rivers,  and  necessitates 
its  occasional,  if  not  constant  presence  in  the  sea.  The  only  specimens 
of  sea  water  he  had  examined  before  this  summer,  were  taken  from 
the  Firth  of  Forth,  at  Joppa,  about  three  miles  from  Edinburgh.  He 
obtained  the  mother-liquor  or  bittern  from  the  pans  of  a  salt  work  there, 
and  precipitated  it  by  nitrate  of  baryta.  The  precipitate  after  being 
washed  and  dried  was  warmed  with  oil  of  vitriol  in  a  lead  basin,  cover- 


Digiti 


zed  by  Google 


CImmstry  and  Phf&um.  119 

ed  with  waxed  ghm  having  desigM  on  it.  The  latter  were  etched  in 
two  hours,  as  deeply  as  they  coald  have  been  by  fluor-spar  treated  in 
the  same  way,  the  lines  being  filled  up  with  the  white  silica,  separated 
from  the  glass.  The  author  has  recently  examined  in  the  same  way 
biitem  from  the  salt-works  at  Saltcoats,  in  the  Firth  of  Clyde,  but  the 
bdicutions  of  fluorine  were  much  less  distinct  than  in  the  waters  on  the 
£ast  Coast.  On  procuring,  however,  fVom  the  same  place,  the  hard 
crust  which  collects  at  the  bottom  and  sides  of  the  boilers  used  in  the 
evaporation  of  sea-water,  he  found  no  diflliculty  in  detecting  fluorine  in 
the  deposiu  This  crust  or  deposit  consists  in  greater  part  of  sulphate 
of  lime,  and  of  carbonate  of  lime  and  of  magnesia,  but  it  contains  also 
much  chiorid  of  sodium,  and  the  other  soluble  salts  of  sea-water,  en- 
tangled in  its  substance.  When  sulphuric  acid,  accordingly,  is  poured 
on  it,  it  gives  oflT  much  hydrochloric  and  carbonic,  as  well  as  some  hy-> 
drofluoric  acid,  and  the  latter  is  thus  swept  away  before  it  has  time  to 
eorrode  the  glass  deeply.  The  author  preferred,  nevertheless,  to  use 
the  crust  exactly  as  he  got  it,  that  the  proof  of  the  presence  of  fluorine 
might  not  be  impaired  in  validity  by  the  possibility  of  that  substance 
being  introduced  by  the  water  or  re-agents  which  must  have  been  em* 
ployed,  had  the  chlorids  and  carbonates  been  separated  from  the  crust 
by  a  preliminary  process.  The  crust,  accordingly,  aOer  being  dried 
mod  powdered,  was  placed  along  with  oil  of  vitriol  in  a  lead  basin  cov- 
ered by  a  waxed  square  of  plate  glass,  with  letters  traced  through  the 
wax.  A  single  charge  of  the  crust  and  acid  corroded  the  glass  very 
slightly,  but  by  replenishing  the  basin  with  successive  quantities  of  these 
materials,  whilst  the  same  plate  of  engraved  glass  was  used  as  the  cover^ 
be  found  no  difficulty  in  etching  the  glass  deeply.  Operating  in  this 
way,  he  has  (bund  fluorine  readily  in  the  boiler  deposit  from  the  waters 
of  the  Firths  of  Forth  and  Clyde.  It  is  a  less  easy  matter  to  subject 
the  waters  of  the  open  sea  to  the  requisite  concentration,  before  exam- 
ination. It  occurred  to  the  author,  however,  that  the  incrustations  which 
are  periodically  removed  from  the  boilers  of  the  ocean  steamers  would 
senre  to  determine  the  question  whether  fluorine  is  a  general  constitu- 
ent of  the  sea.  He  made  application,  accordingly,  at  Glasgow  and 
Leith  for  the  deposits  in  question.  It  appears,  however,  that  the  deep- 
sea  steamers  which  leave  the  former  have  their  boilers  cleaned  out  at 
other  ports,  so  that  he  has  as  yet  been  unsuccessful  in  procuring  crusts 
froDQ  the  west  coast  of  Scotland.  He  has  obtained  at  Leith  the  crust 
from  the  boiler  of  a  steamer  called  the  Isabella  Napier,  which  trades  be- 
tween that  port  and  Wick,  so  that  the  greater  part  of  the  water  consum- 
ed as  steam  by  m  engines  is  derived  from  the  Grerman  Ocean,  ahbougb 
a  portion  is  necessarily  obtained  from  the  Firth  of  Forth.  The  crust 
from  the  boilers  of  fhis  vessel  was  treated  in  the  way  described,  and  at 
once  yielded  hydrofluonc  acid.  A  single  charge,  indeed,  of  the  mate- 
riali  marked  the  glass  dtsiinctly,  and  four  charges  deeply.  We  may 
iKerefore  infer  that  fluorine  is  present  in  the  waters  of  the  German 
Ocean,  for  difl'erent  portions  of  the  deposit  yielded  it  readily,  and  marked 
|r|aj»s  as  deeply  as  the  deposit  from  the  water  of  the  Firth  of  Forth  did^ 
which  could  not  have  been  the  case  if  the  whole  crust  had  not  con- 
tained fluonne  pretty  equally  diflused  through  it.  From  what  is  known 
of  ti«9  00 ngpa rati vt  uniformity  in  composition  of  sea-water,  it  may  safely 
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be  inferred  that  if  fluorine  be  present  in  the  waters  of  the  Firths  of 
Forth  and  Clyde,  and  in  the  Gremian  Oeean,  it  will  be  found  universal^ 
]y  present  in  the  sea.  Mr.  Middleton,  before  1846,  came  to  the  con- 
clusion that  fluorine  must  be  present  in  8ea*«irater,  since  it  occurred,  as 
he  had  ascertained,  in  the  shells  of  n>arine  mollusca.  Silliman,  junior, 
without  a  knowledge  of  Middleton^s  views,  drew  the  same  inference 
from  its  invariable  presence  in  the  calcareous  corals  brought  to  America 
by  the  United  States  expedition  from  the  Pacific  Ocean.  The  author 
has  found  fluorine  abundantly  present  in  the  teeth  of  the  Walrus,  which 
points  to  its  existence  in  the  Arctic  Ocean  ;  and  it  seems  so  invariably  to 
associate  itself  with  phosphate  of  lime,  that  it  may  be  expected  to  occur 
in  the  bones  of  all  animals  marine  and  terrestrial.  The  author  has 
found  fluorine  likewise  in  kelp  from  the  Shetlands,  but  much  less  dis- 
tinctly than  he  anticipated.  Glass  plates  were  only  corroded  so  far  as 
to  show  marks  when  breathed  upon.  Prof.  Voelker,  also,  was  kind 
enough  at  the  author's  request  to  search  for  fluorine  when  analyzing  the 
ashes  of  specimens  of  the  sea  pink  {Statice  Armeria)^  which  had  grown 
close  to  the  sea  shore,  and  contained  iodine,  and  found  fluorine  in  the 
plant.  When  all  these  facts  are  considered,  it  is  not  too  much,  the. au- 
thor thinks,  to  urge  that  fluorine  should  now  take  its  place  aniong  the 
acknowledged  constituents  of  sea-water.  He  has  entered  at  length  into 
the  consideration  of  the  natural  distribution  of  this  element,  and  into 
other  details  connected  with  it,  in  a  paper  in  the  *•  Transactions  of  the 
Royal  Society  of  Edinburgh,  vol.  xvi,  part  7,  and  in  a  communication 
made  to  the  Association  at  its  Southampton  meeting.  The  StaLice  Ar- 
meria  may  certainly  be  added  to  the  list  of  plants  containing  fluorine^ 
and  so  may  the  Cochlearia  Anglica^  in  specimens  of  which  obtained 
from  the  Bass  Rock,  and  analyzed  in  Dr.  Wilson's  laboratory,  Dr.  Voel- 
ker has  also  detected  this  element. 

Specimens  of  etched  glass  were  shown  to  the  Section  in  illustration 
of  this  communication. 

Prof.  Forchammer  confirmed  the  results  of  Dr.  Wilson.  He  had 
examined  sea-water  from  near  Ck)penhagen,  and  found  fluorine  in  every 
instance.  He  had  also  examined  many  shells  and  marine  products 
from  various  localities,  and  they  all  gave  the  same  body — the  quantity 
of  which  was  always  greater  in  sea  than  in  land  animals.  Mr.  Pearsall 
thought  he  had  detected  fluorine  in  many  waters  from  springs  and  rivers. 

16.  On  the  Artificial  Production  of  certain  Crystallized  Minerals^ 
particularly  Oxyd  of  TYn,  Oxyd  of  Titanium^  and  Quartz ;  by  M.  A. 
DiUBRBE,  (Compt.  Rend.,  27th  Aug.,  1849,  227.) — ^In  a  memoir  pre- 
sented in  1841  to  the  Academy,  the  author  showed  that  the  fluoride 
appeared  to  have  played  an  important  part  in  the  formation  of  stan- 
niferous veins.  This  idea  which  was  then  supported  only  by  obser- 
vations on  the  structure  and  composition  of  deposits  of  tin,' is  now  con- 
firmed by  experiment ;  for  by  imitating  the  process  of  nature  as  there 
explained,  he  has  obtained  crystallized  oxyd  of  tin.  Not  having  the 
apparatus  suitable  for  the  production  of  the  stannic  fluorid,  he  em- 
ployed in  its  place  the  chlorid  of  that  metal — the  great  analogy  ex- 
isting between  the  fluoride  and  chlorids  permitting  this  extension  of  the 
results  obtained  on  the  last  to  the  corresponding  fluorids. 
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Tlie  method  cootists  simply  in  brioging  at  the  same  time  in  a  red 
hot  porcelain  tube  two  currents,  one  of  chlorid  of  tin  and  one  of  vapor 
of  water.  The  oxyd  of  tin  which  results  from  the  decomposition  of  the 
two  ▼apors,  lines  the  mouth  of  the  tube  with  mineral  crystals*  When 
the  perchlorid  of  tin  is  introduced,  dissolved  in  a  current  of  dry  cap- 
bonie  acid,  (in  place  of  vaporizing  the  perchlorid  by  heat  alone,)  the 
crystals  are  obtained  of  a  larger  size.  The  crystals  thus  obtained  are, 
generally,  colorless  with  the  adamantine  lustre  belonging  to  the  natural 
mineral,  and  so  bard  as  readily  to  scratch  glass.  Although  very  small 
they  have  the  edges  and  angles  perfectly  sharp.  From  the  modifica« 
tioos  of  the  crystals,  M.  Daubr^e  regards  th^  oxyd  of  tin  as  a  new  exam« 
pie  of  dimorphism,  of  which  the  new  form  of  the  artificial  mroeral  is 
a  right  rhombic  prism,  while  the  natural  mineral  has  the  form  of  a 
square  prism.  The  artificial  crystals  always  have  the  two  vertical  tran« 
eating  faces  greatly  extended^  so  as  to  present  forms  much  resembling 
Brookite.  The  artificial  tin  crystals  have  the  same  longitudinal  striee, 
parallel  to  the  vertical  edges  of  the  primary.  The  angle  of  the  two 
tniocating  faces  (138^)  is  the  same  as  in  brookite — (e^  on  0B=134^ 
Lery) :  thus  the  artificial  rhombic  oxyd  of  tin  is  isonH>rphous  with 
brookite. 

The  natural  oxyd  of  tin  has  for  a  long  time  been  recognized  as  iso- 
norphous  with  rutile.  It  appears  from  these  results  that  the  two  pri* 
nary  forms  of  oxyd  of  tin  correspond  exactly  to  the  two  forms  of 
tkaoic  acid.  This  isod^morphism  furnishes  a  new  and  remarkable  in* 
fiance  of  the  geometrical  relation  which  unites  the  two  primal  forms  of 
t  dimorphous  body.  The  density  of  the  artificial  oxyd  of  tin,  which 
is  6^,  is  inferior  to  that  of  the  square  prismatic  variety.  The  density 
of  brookite  as  compared  with  mtile,  is  the  same.  In  two  isodimorph* 
ow  sobstaoces,  it  happens,  therefore,  that  the  molecular  arrangement 
of  the  square  prismatic  form  is  more  dense  than  that  of  the  right- 
rbocabic. 

Because  the  artificial  oxyd  of  tin  has  a  form  difierent  from  that  of 
tbe  native  ntiineral,  we  are  not  at  Kberty  to  conclude  that  the  two  crya- 
yKne  systems  correspond  to  modes  of  prodnotion  which  are  very  dif* 
fersDt  from  each  other ;  for  in  tbe  Oisana  and  in  Switzerland,  the  same 
Teios  and  oAea  the  same  specimens  contain  at  least  two  of  the  species 
of  titanic  acid,  anaiase  and  brookite.  The  conditions  are  therefore 
fery  similar,  which  decide  the  change  of  molecular  equilibrium,  pro- 
ducing the  two  forms  of  titanic  acid. 

Tbe  vapor  of  perchlorid  of  titanium  treated  by  the  same  methods  to 
which  the  chlorid  of  tin  was  submitted,  gave  titanic  acid  in  little  brist^ 
bug  mammillary  masses,  the  crystalline  points  perfectly  sharp,  but 
of  microscopic  dimensions.  These  little  crystals  have  the  form  of 
brookite. 

Tbe  chlorid  and  fluorid  of  silicon,  treated  in  tbe  same  manner  in  a 
pcMtelain  tube,  gave  unsatisfaclory  results,  but  repeating  the  trial  in  an 
earthen  retort,  and  in  a  crucible  protected  in  an  outer  crucible  and 
betted  to  a  white  heat,  he  obtained  in  two  experiments  a  deposit  of  sil* 
ica  of  a  vitreous  fracture,  tbe  mammillary  surface  of  which  presented 
bere  and  there  very  small  crystalline  faces,  among  which  are  visible 
trinigular  fiices  like  those  io  quartz. 
Snxnn>  Snuii,  Vol  IX,  Na  26.~-Jsa,  1860.  16 
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17.  Onihemigin0f^TUmt^efvu$9em$rflkeAlps^{i^^ 
—-Man J  distriou  of  the  Alps  are  known  by  the  beaatiful  cryataU  of 
ratite,  aoataae  and  of  brookite,  which  they  furnish.  The  minerals 
which  compose  these  veins  have  encrusted  previonsly  existing  fissures 
in  the  same  manner  as  metalliferous  veins,  properly  so  called.  The 
mode  of  occurrence  of  the  titamferous  veins  of  Saiot  Gothard  and  of 
Oisans,  recalls  in  most  particulars,  certain  small  stanniferous  veins 
which  the  author  has  already  shown  elsewhere,  to  be  posterior  to  the 
rook  which  contains  them.  These  veins,  however,  are  injected  inti* 
mately  into  the  encasini(  rock.  The  penetration  of  crystals  of  rutiJe 
into  the  interior  of  crystals  of  specnhir  iron  and  of  quartz,  proves  that 
these  three  minerals  have  been  precipitated,  if  not  simukaneotisly,  at 
least  under  the  same  conditions.  Now  the  specular  iron  of  these  veins 
recalls  by  its  brilliancy  and  peculiar  form  the  specular  iron  of  volcanic 
regions,  which  as  has  been  shown  by  Gay  Lussac  and  Mitscherlich, 
has  been  produced  from  the  decompositioo  of  chlorid  of  iron  by  the 
vapor  of  water. 

We  seem  aHthorized  in  assigning  m  simihir  origin  to  the  specular  iron 
of  these  titaniferous  veins.  This  first  assumption  is  strengthened  if  we 
remember  that  titanic  acid  which  has  been  obtained  only  in  an  amorph* 
ous  oondition  by  methods  heretofore  known,  disposes  itself  in  crystals 
when  its  chlorid  is  treated  at  an  elevated  temperature  by  the  vapor  of 
water ;  so  it  is  the  same  with  silicic  acid.  Thas  by  a  threefold  reasoa 
are  we  led  to  conclude  that  the  minerals  of  the  Alpine  titaniferous  veins, 
owe  their  origin  to  the  decomposition  of  their  respective  chlorids  and 
lluorids  by  the  vapor  of  water.  It  fkvors  our  view  that  while  in  the 
volcanic  districts  the  chlorine  has  entirely  disappeared  from  the  deposits 
of  specular  iron ;  yet  in  the  Alpine  veins  we  still  find  many  evidences 
of  the  presence  of  this  agent  It  is  in  (act  deposited  at  the  same  time 
with  the  three  species  of  titanic  acid — the  fluoride,  fluor-spar  which  ia 
frequent,  the  fluo-silicates  (mica  rich  in  fluorine),  the  fluo- phosphates 
(apatite),  and  lastly  the  borosiliclites  (axintte  and  tourmalitie) ;  these 
each  are,  so  to  speak,  a  complementary  product  of  the  fl«o-silicates. 
The  apatite  of  St.  Crothard  contains  (M)Q2  of  hydrodiloric  acid,  show- 
ing that  chlorine  was  not  wanting  during  the  formation  of  these  veins. 
Moreover,  the  preseaee  of  er3rstolliBed  hydrous  silicates,  as  chlorito 
and  various  species  of  zeolites,  serves  to  show  that  water  also  bore  its 
part  in  the  filling  up  of  these  titaniferous  veins. 

We  arrive,  therefore,  by  proofs  of  a  difierent  character,  as  well 
ffom  a  study  of  the  deposits  as  from  direct  experiment,  to  the  conclu- 
sion that  rutile,  anetase^  breoktte^,  specular  iron,  and  at  least  in  part  the 
quartz,  which  fill  up  the  narrow  veins  of  St.  Gothard  and  'Oisans,  have 
been  formed  from  the  decomposition  of  the  fluorids  of  titanium,  of  si- 
licium,  and  of  iron,  associated  with  fluorids  of  boron  and  of  phosphorus, 
and  p^bably  also  with  chlorids  of  the  same  bodies.  From  these  several 
combinations  which  are  volatile  and  undeoomposable  by  heat  alone, 
(but  which  are  instantly  decomposed  by  the  vapor  of  water,)  and  from 
the  reactions  which  have  operated  upon  the  encasing  rocks,  have  re- 
sulted the  fixed  substances  which  now  fill  the  titaniferous  veins. 

The  author  then  proceeds  to  amplify  the  subject  by  applying  the 
foregoing  facts  and  reasonings  to  other  looalitiea  and  comlsnations  of 
minerals. 
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II.    MiNEBALOGT   AND  GEOLOOy. 

1.  Analy9is  of  SekvplkiU  Waier;  by  If.  FI.  Bot«,  (Proe*  Amer. 
AtMC,  1848,  p.  183.)— The  foUowing  analysis  is  published  by  M.  Boyft, 
with  full  details  of  the  process  he  adopted.     We  here  dte  his  results.* 

Ott&ttM  in  1  ghJUm,     In  Mrettdoe.  ' 


Alkaline  chlorids, 

•         • 

0-163 

8-75 

Alkaline  sulphates. 

,         , 

0-660 

18-74 

Alkaline  carbonates, 

,         , 

0-l6ft 

4-58 

Carbonate  of  hme, 

,         , 

3190 

68-67 

Carbonate  of  magnesia, 

,        , 

0-484 

11-67 

Alumina  and  oxyd  of  iron 

(phoapluilM 

?)0Kn7 

1-88 

Silica, 

, 

0-895 

»^ 

Organic  matter,     . 

• 

Oim 

0-88 

Tcnal  residue,  4-080  100-00 

By  a  separate  experiment,  total  reeidoe,  4-42 1 
The  above  numerical  results  reduced  to  10,000  parts  of  water,  and 
given,  as  obtained  by  analysis,  without  endeavoring  to  arrange  the  in- 
gredients in  the  manner  in  which  the  analyst  may  consider  them  ha 
combined  in  the  water,  will  stand  thus: — 

It)  10,000  pBrtt. 

0*061775 
0016275 
0-820195 
0-076723 
0^11350 
0H)40095 
OK)13200 
0067710 
0-006170 


Solpburic  acid,       .         .         .        •        . 
Chlorohydric  acid,  .        .         .        . 

Carbonic  acid, 

Potassa  and  soda, 

Lime,  

Magnesia,  

Aluooina  and  oxyd  of  iron  (phoapbates?) 

Silica, 

Qi^nic  matter, 


Deduct  water  in  cblorohyd  ratio. 


07-03493 
0^)04022 


Total  residue  in  10,000,  0*699471 

The  following  exhibits  a  tabular  view  of  the  difTerent  amounts  of 
solid,  fixed,  and  insoluble  residue  obtained  by  Prof.  Silliman  and  M. 
Boy6— 

BoTi.  SlLLtMAN. 

Onint  fo  1  fslkm.  |  Gnku  m  1  gftlkMi. 

Solid  reaidue,  4080  (^^^^^^^^.        5.50at212o. 


4-421  I  ^ 
Fused  at  a  red  heat,  3-794  calculated 

from  the  above, 
lasolnble  in  water,     2-896       "^ 

2.  On  Acid  and  Alkaline  Springs ;  by  Prof.  W.  B.  Rooxas,  (Proc. 
Amer.  Assoc.,  1848,  p.  94.) — In  this  communication  after  referring  to 


4-26 

8-69  by  dmct  axpertment. 

2-145 


*  For  Prof.  6.  ^Uiraao's,  Jr^  ezAAiiMiianof  tbe  flame  water,  ase  thie  Journal,  [3], 
ii.S18. 
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the  principal  clatsos  of  mineral  springs,  thermal  and  of  ordinary  tem- 
perature, and  comprehended  under  the  terms  acidulous,  saline,  sulpbu- 
RSUed  and  chalybeate.  Prof.  R.  enterad  into  a  particular  account,  geo- 
logical «nd  chemical,  of  two  very  distinct  classes  of  springs  of  fre- 
quent occurrence  in  the  Appalachian  region,  particularly  in  Virginia 
and  Eastern  Tennessee.  The  one  is  remarkable  for  containing  a  con- 
siderable amount  of  ^rfe  sulphuric  acid^  along  with  sulphates  of  iron 
and  alumina,  the  other  is  distinguished  by  containing  a  sarmll  quantity  of 
carbonate  of  soda^  along  with  carbonate  of  lime  and  magnesia,  much 
silica  and  some  carbonic  acid  and  sulphuretted  hydrogen. 

These  springs  are  of  very  common  occurrence  in  the  states  and  shales 
known  as  the  Marcellus,  Hamilton,  &c.,  in  the  New  York  series,  and 
designated  in  the  nomenclature  of  the  Profs.  Rogers,  as  the  post-me- 
ridial,  ohier  and  newer  elates  and  shales  respectively.  In  thoae  parts 
of  these  formations,  which  abound  greatly  in  decomposing  bisulphuret 
of  iron,  and  which  are  not  interstrati6ed  with  calcareous  beds,  the 
springs  which  occur  belong  to  the  former  of  the  two  classes.  Such, 
for  example,  are  the  celebrated  Alum  springs  and  Brinkley's  springs 
near  the  eastern  base  of  the  great  Warm  Spring  mountain  in  Virginia. 
At  these  and  similar  localities,  the  crumbling  slates  are  imbued  with 
the  products  of  the  decomposed  pyrites,  and  yield  to  the  in6ltering  wa- 
ters a  portion  of  free  acid,  as  well  as  sulphates  of  iron  and  alumina. 
But  what  18  specially  remarkable  in  the  composition  of  these  waters,  is 
the  fact,  that  the  proportion  of  free  sulphuric  acid  present,  oftep  very 
greatly  exceeds  that  which  the  oxydation  of  the  bisulphuret  could  fur- 
nish. This  excess  Prof.  R.  proposed  to  explain  in  the  following  way : 
While  the  bisulphuret  is  subject  to  oxydation,  as  above  mentioned,  a  part 
of  the  sulphates  thus  formed,  reacting  with  the  organic  matter,  always 
present  in  these  rocks,  gives  rise  to  sulphuretted  hydrogen  gas.  This 
again,  as  recently  shown  by  Dumas,  in  the  presence  of  air  and  organic 
matter,  gives  birth  to  sulphuric  acid — and  thus  the  additional  supi^y  of 
this  acid,  formed  at  the  expense  of  the  sulphates,  will  be  imparted  to 
the  percolating  water. 

Of  the  second,  or  alkaline  springs,  Prof,  R.  stated,  that  they  were 
found  in  the  same  general  slaty  belt  with  the  others,  but  always  in  con- 
nection with  those  parts  which  contain  more  or  less  curbonale  of  lime. 
Instances  of  these  springs  are  seen  in  the  Grey  Sulphur  and  DibbrelPs 
springs,  as  well  as  many  others  in  Virginia  and  Tennessee. 

The  absence  of  sulphuric  acid  in  these  waters,  is  an  obvious  conse- 
quence of  the  reaction  between  the  carbonate  of  lime  and  the  acid  in 
passing  into  the  mass.  The  same  reaction  giving  rise  to  the  evolution 
of  a  great  amount  of  carbonic  acid,  would,  as  it  were,  saturate  the 
pores  of  the  slate  with  this  substance,  which,  in  virtue  of  its  large  ex- 
cess, would  have  power  to  decompose  the  sulphuret  of  sodium,  and  per- 
haps other  salts  present,  and  thus  give  origin  to  the  small  amount  of 
carbonate  of  soda,  which  imparts  alkalinity  to  these  waters.  The  great 
proportion  of  silica,  in  the  solid  residuum  of  these  springs,  may  doubt* 
less  be  ascribed  to  the  solvent  power  of  the  alkaline  carbonate. 

3.  On  Reptilian  fooi-marks  in  the  gorge  of  the  Sharp  Mountain  near 
PottsviUe^  Pa. ;  by  Isaac  Lea,  (Proc..  Amer.  Phil.  Soc.,  1849,  p.  91.) 
— ^The  object  of  this  communication  is  to  announce  to  the  Society,  that 


Digiti 


zed  by  Google 


Mmerab^  and  Qeohgy. 


125 


I  bftve  diflcovejred  tiie  foot-priDts,  in  bas-relief,  of  a  reptilian  quadru^ 
p8d,  lower  in  the  series  than  has  yet  been  observed.  On  the  5th  of 
April  last,  in  the  examination  of  the  strata  in  the  gorge  of  the  Sharp 
Mouotain,  near  Pottsville,  Pa.,  where  the  Schuylkill  breaks  through  it, 
a  lai|;e  mass  of  remarkably  fine  old  red  sandstone  attracted  my  atten- 
tioQ.  Imprinted  upon  it,  I  was  surprised  to  find  six  distinct  impressions 
of  foot-marks,  in  a  double  row  of  tracks,  each  mark  being  duplicated 
by  the  hind  foot  falling  into  the  impression  of  the  fore  foot,  but  a  little 
more  advanced.  The  strata  here  are  tilted  a  little  over  the  vertical, 
aod  tbe  surface  of  rock  exposed  was  about  twelve  feet  by  six,  the 
whole  of  which  surface  was  covered  with  ripple  marks  and  the  pits  of 
raia  drops,  beautifully  displayed  in  the  very  fine  texture  of  the  deep 
red  sandstone. 

The  six  double  in^nrtsnans  distinctly  show,  in  the  two  parallel  rows 
formed  by  the  led  feet  on  the  one  side  and  the  right  feet  on  the  other, 
that  the  animal  had  five  ^^  _ 

toes  on  the  fore  feet,  _-^jiRf^ 

three  of  which  toes  were 
apparently  armed  with 
ooguinal  a  p  pondages; 
The  length  of  the  double 
impression  is  four  and 
a  quarter  inches  ;•  the 
breadth  four  inches ;  the 
dislaoce  apart  in  the 
length  of  tbe  step  of  the 
animal  thirteen  inches ; 
across,  from  outside  to 
outside,  eight  inches. 
The  mark  of  the  drag- 
ging of  the  tail  is  dis- 
tinct, and  occasionally 
slightly  obliterates  a 
small  part  of  the  im- 
pressions of  the  foot- 
marks. The  ripple 
marks  are  seven  to  eight 
inches  apart,  and  very 
distinct,  as  well  as  the 
pits  of  the  rain  drops. 
These  foot-marks  as- 
similate remarkably  to 
those  of  the  recent  Alligator  MisMnppiensis^  and  are  certainly  sense- 
what  analogous  to  the  Cheirotkerium, 

The  geological  position  of  this  reptilian  quadruped  is  of  great  inter- 
est, from  the  fact  that  no  such  animal  remains  have  heretofore  been 
discovered  so  low  in  the  series.  Those  described  by  Dr.  King,  in  the 
gfeat  western  coal  field,  are  only  eight  hundred  feet  below  the  surface 
of  the  coal  formation.     (No.  18,  of  Prof.  Rogers,  the  State  Geologist.) 


*  The  figore  is  xmther  more  than  half  thenalund  sise  of  the  impreasMa 
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The  poshion  of  the  Pousvtlle  *'  foot-marks^^  is  aboat  8600  feet  below 
the  upper  part  of  the  coal  formation  there,  which  is  6750  feet  thick, 
according  to  Prof.  Rogers,  and  they  are  in  Ihe  ^*red  dkoie,"  (his  No. 
11,)  the  intermediate  siliceous  conglomerate  (Na  12)  being  mated  by 
him  to  be  108 1  feet  thick  at  Pottsville.  These  measurements  would 
being  these  foot-marks  about  seven  hundred  feet  helmo  the  upper  sur- 
face  of  the  eld  red  eandelone, 

A  mass  of  coal  plants  exists  immediately  on  the  northern  foce  of  the 
heavy  conglomerate,  here  tilted  ten  degrees  over  the  vertical,  and  form- 
ing  the  crest  and  ^  back- bone'*  of  8harp  Mountain.  This  conglomerate 
mass  is  about  one  hundred  and  fifty  feet  thick  at  the  western  side  of 
the  road  below  Pottsville.  On  the  same  road  side,  about  1735  feet 
from  these  coal  plants,  is  the  face  of  the  rock,  tilted  slightly  over  the 
vertical,  and  facing  the  north.  It  is  proper  to  state,  that  the  limestone 
of  the  old  red  sandstone  exists  here,  about  two  feet  thick,  and  underlies 
these  ^^  foot- marks'*  sixty- five  feet.  I  was  fortunate  enough  to  obtain 
these  impressions  in  a  large  and  heavy  slab,  which  is  now  in  my  poe* 
session. 

On  the  slab  there  are  obscure  remains  of  other  organized  matter  ^ 
small  spots,  with  filamentous  radiations,  and  a  small  bone  or  reed-like 
mark,  which  is  difficult  to  make  out. 

4.  Gold  on  the  farm  cf  Samuel  Elliot^  Montgom/ery  Covntp^  Md.^ 
thirty  miles  from  Baltimore^  (Proc.  Amer.  Phil.  Soc.,  1849,  p.  85.) — 
The  locality  has  been  known  but  a  few  months,  and  appears  to  be  vaU 
uable.    Three  samples  examined  at  the  mint,  yielded  as  follows  >— 

No.  1  yielded  at  the  rate  of  744  grains  per  cwt  of  ore,  or  |6 10  00  per  ton. 
No.  2  "  960  «  787  20      « 

No.  3  "  206  «  168  80      « 


Average,  686  522 

The  quartz  which  forms  the  matrix  of  the  gold,  crops  out  amidst  a 
decomposed  talcose  slate,  so  that  quarrying  is  very  easy.  Ores  of  cop- 
per and  iron  are  also  present. 

Messrs.  Bowman  &  Ebbett,  of  New  York,  state  that  much  gold  ap- 
pears to  be  disseminated  throughout  the  gangue,  in  so  minute  a  state 
of  division,  as  to  be  invisible  to  the  naked  eye. 

5.  Gold  of  California^  (from  a  letter  to  one  of  the  editors  from  Rev. 
C.  S.  Ltman,  dated,  San  Francisco,  Oct  29th,  1849.)— The  gold  the 
past  season  has  turned  out  much  beUer  than  was  expected.  Many  rich 
deposits,  in  all  parts  of  the  mines,  have  been  opened.  On  the  middle 
fork  of  the  Rio  de  los  Americanos,  two  men  recently  dug  $28,000  in 
two  months.  I  saw  a  portion  of  it  in  lumps  of  the  size  of  hens^  ®SS* 
and  larger.  The  Mariposa  has  yielded  several  similar  prizes  and  so 
has  the  Mokelemnes.  But  for  these  few  fortunate  diggers,  there  are 
thousands  who  scarce  earn  a  dollar  a  day.  From  the  best  information 
I  can  get,  industrious  workers  have  not  averaged  more  than  eight  or 
ten  dollars  a  day — some  estimate  it  much  lower;  multitudes  do  not  pay 
expenses,  particularly  clerks,  professional  men  and  others  unaccus- 
tomed to  hard  work. 

The  gold  has  at  last  been  discovered  in  place — in  veins  penetrating 
quartz  ^da— ron  the  Mokelemnes  and  in  the  vicinity  of  the  Mariposa 
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and  one  or  two  other  places.  I  have  this  fron  gentlemen  who  have 
teen  the  veins  and  who  are  reliable  witnesses.  These  veins  are  of 
course  not  worked  yet,  as  it  is  more  profitable  to  dig  the  wash  gold. 
Ooe  of  these  veins  has  been  *^  denounced^'  (as  it  is  termed)  under  the 
Mexican  laws,  by  Mr.  Fremont.  The  working  of  the  innumerable  rich 
veias,  which  undoubtedly  will  be  opened  in  the  mountains,  will  consti- 
tute an  immense  and  profitable  mining  business  for  centuries.  I  have 
DO  fear  that  the  gold,  as  many  imagine,  will  all  be  dug  out  in  a  year 
or  two. 

III.  BoTiNY  AND  Zoology. 

1.  Deicription  of  a  Nui  found  in  Eocene  marl;  by  Edmund  Ruffin. 
(Communicated  for  this  Journal.) — About  two  months  ago,  one  of  my 
kborers,  employed  in  excavating  marl,  brought  to  me  the  shell  of  a 
nut,  or  large  seed,  which  he  had  that  day  found  imbedded  in  the  marl. 
It  the  depth  of  about  five  feet  below  its  upper  surface.  The  marl  is 
eoceoe — about  forty  per  cenu  of  it  being  shelly  matter,  mostly  disin* 
tegiated,  with  enough  fine  clay  to  render  the  mass  impervious  to  water. 
As  it  lies  low,  and  is  covered  naturally  by  oozing  springs,  the  marl  is 
barely  moist,  from  absorption.  Though  the  composition  of  the  earth, 
tad  manifest  manner  of  its  original  deposition,  make  it  certain  that 
at  first  the  marl  was  very  soA,  yet  the  subsequent  addition  of  materials, 
and  the  still  later  superimposed  earth,  had  by  weight  so  compressed  the 
k)wer  beds,  as  to  make  the  marl  very  compact  and  close.  The  over- 
lying earth  (sand,  gravel,  and  clay)  there  had  been  six  feet  thick.  The 
cak^ireous  marl  is  eight  feet ;  and  this  lies  on  green-sand  earth,  of 
l^reat  depth,  and  containing  very  little  shelly  or  calcareous  matter. 

As  in  my  long  experience  in  the  excavation  of  marl,  and  much  more 
extended  examination  of  various  marls  and  their  fossils,  I  had  never 
seen  or  heard  of  any  such  discovery  as  this,  I  was  careful  in  scrutinizing 
the  facts  stated.  The  result  of  the  scrutiny  was  my  being  perfectly 
satisfied  with  the  truth  of  the  statement.  There  could  have  been  no 
possible  object  for  the  negro  to  attempt  a  deception.  And  even  if  there 
had  been  such  a  design,  he  could  not  have  provided  such  means  as  he 
here  produced,  in  an  unknown  if  not  a  unique  fossil  specimen,  in  a 
remarkably  good  state  of  preservation.  This  is  the  principal  and  all- 
lofficient  evidence  of  the  good  faith  of  the  laborer.  He  could  not  pos- 
sibly have  been  himself  deceived.  He  had  been  for  years  accustomed 
to  work  in  this  marl,  and  to  preserve  for  me  all  rare  or  curious  speci- 
mens of  fossils.  At  this  time,  this  labor  had  been  in  progress  for  some 
weeks  without  intermission ;  and  he  had  that  day  (with  his  assistants) 
dog  several  feet  into  the  solid  marl  before  reaching  the  level  of  the  nut. 
It  was  seen  partly  expoand  in  a  lump  of  marl  just  loosened  by  the  hoe 
from  its  bed,  and  was  immediately  separated.  The  discoverer  did  not 
know  the  importance  of  it,  and  therefore  did  not  preserve  the  cell  or 
hollow  impression  of  the  nut  in  the  lump  of  marl,  which  would  have 
been  conclusive  evidence  of  the  locality  of  the  relic. 

When  brought  to  me,  the  nut  bad  been  washed  very  nearly  dean  of 
ill  the  adhering  roaH.  The  distension  by  moisture  was  very  great,  (a» 
was  learned  a&irwarda  by  the  great  shrinking,)  and  eoasequently  the 


Digiti 


zed  by  Google 


128 


SdmtHfic  IniM^enee. 


frerimeas  of  appearance,  as  shown  in  color,  to  the  touch,  and  by  flezi- 
biJity,  was  so  much  the  greater.  The  perfection  of  the  preservaiioo 
was  indeed  wonderful — and  scarcely  less  than  I  should  have  expected 
of  any  like  nut,  as  an  acorn  or  horse-chestnut,  similarly  buried  for  but 
a  few  years. 

The  shell  of  the  nut  was  almost  perfect.  The  only  exceptions  were 
that  by  compression  it  was  (apparently)  flattened ;  and  in  being  so 
compressed,  a  crack  bad  been  made  and  kept  open  at  the  upper  (or 
germ)  end.  The  shell  while  distended  by  moisture,  in  color,  sokkmH* 
ness  of  surface,  and  in  partial  elasticity,  appeared  much  like  old  leather, 
soAened  by  being  water-soaked.  The  color  was  dark  brown,  approach- 
ing to  black.  The  mark  of  the  stem-attachment,  though  small,  was  as 
distinct  as  if  the  out  had  been  new. 

Expecting  that  th6  drying  of  the  nut  would  cause  it  to  crumble  and 
to  lose  its  form,  (which  however  has  not  occurred,)  I  made  the  annexed 
rough  and  mechanical,  but  accurate  drawings  of  the  outlines,  within 
thirty  hours  after  the  nut  was  found.  Figures  1  and  2  respectively 
represent  the  upper  and  lower  compressed  sides ;  and  3,  the  lower 
end  with  the  mark  of  stem-attachment  (a)  held  uppermost  How  great 
the  distension  then  was  may  be  seen  by  comparing  the  then  size  with 
fig.  4,  which  is  the  same  view  as  fig.  1,  but  marked  since  the  thorough 


drying  and  shrinking  of  the  shell.  The  outlines  were  marked  by  tra- 
cing around  the  object  witli  a  pencil,  and  using  every  care  to  preserve 
the  exact  profile  of  size,  as  closely  as  possible.    Since  drying,  the 
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cncks  are  more  extended  in  length,  but  leas  open.  The  shell  b  about 
the  twetflh  of  an  inch  thick  ;  and  now  appears  more  like  lignite  than 
any  more  recent  vegetable  matter.  Of  course  nothing  of  the  kernel, 
or  true  seed,  remained.  In  its  place  there  are  some  particles  of  black 
regetable  matter  intermixed  with  sohm  powdery  marl — all  which  do 
not  near  fill  the  present  cavity. 

Though  my  labors  in  excavating  mar!  of  diflferent  kinds  during  marry 
years,  and  my  much  more  extended  personal  examinations  elsewhere, 
have  gifen  me  opportunities  rarely  enjoyed  by  others  for  seeing  and 
gathering  fossil  specimens  from  their  localities,  I  make  no  claim  to  the 
character  of  a  scientific  investigator  of  this  subject  Therefore,  I  do 
not  known  whether  (as  I  infer  k  is)  this  out  is  an  extinct  species— of 
whether  the  like  has  been  found  before. 

This  marl,  bordering  the  Pamunkey  river,  has  peculiar  characteris* 
tics,  and  also  has  rare  value  as  a  nrumure.  The  fossil  remains  are  gen* 
erally  much  decayed.  Among  the  kinds  mpst  common,  are  shells  of 
OHraa  sell^rformis  and  Cardita  planicoHa^  either  of  which  sufficiently 
kleatifies  the  marl  with  the  eocene.  Some  other  fossils  are  either  new, 
or  very  rare,  at  least  to  my  observation.  AnK>ng  the  roost  rare  is  a 
fragment  of  a  spine  of  an  extinct  Echinus^  which  is  eight  inches  long, 
tad  more  than  three  quarters  of  an  inch  in  diameter,  where  thickest.  By 
comparison  of  the  sixo  with  the  species  of  the  largest  specimens  known 
to  me  of  recent  Echini^  this  extinct  species  must  have  had  a  very  large 
body,  beset  with  spines  3  feet  long.  I  have  also  found  smaller  fragments 
of  these  species  in  the  eocene  marls  of  Copjgin's  Point,  James  river,  Va., 
and  of  the  Santee  in  South  Carolina.  The  fiutings  of  the  surface  of 
these  spines  are  beautifully  regular  ;  so  as  to  seem  like  delicate  artifi- 
cial carved  work. 

Lignite  ia  often  found  in  this  eocene  marl.  I  have  two  specimens  of 
impure  amber  which  were  found  in  this  kind  of  marl,  though  not  in  my 
owD  diggings.  One  of  these  was  broken  from  a  solid  mass  which  was 
aid  by  ibe  person  who  found  it  to  have  been  nearly  a  foot  in  diameter. 

Mwlboonie,  Va,  July  4,  1849. 

2.  Sifnopsis  Generum  Crusfaceorum  OrdinU  ^^  Sehixopoda^'^  J.  D.  Daica 
elaboratus,  et  Descnptiones  specierum  hojus  ordinis  quee  in  Orbis  Terra- 
rum  circumnavigatione,  Carolo  Wilkes  e  Classe  Reipublicse  Foederat® 
Duce,  auotore  lecta^. — (Pars  I.) 

Oedo  H.    CRUSTACEA  SCHIZOPODA. 

Cmstacea  Macrourorum  pullos  affiltantia,  branchiis  stve  externis 
pedes  thoracis  abdominisve  pertinentibus,  sive  obsoletis ;  pedibus  plurl* 
bus  biramets  palpo  valde  elongate ;  maxillipedibus  pedes  sequentes  ssepe 
unmilantibus. 

Tribiisl.    DIPLCXJPODA. 

Pedes  thoracis  biramei,  palpo  uatatorio,  nulli  pr^hensiles.  Cara« 
pu  eepbalothoracem  plerumque  tegens,  segmento  cephalico  non  bene 
discreto. 
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Sobtribus  I.     Mysidacea. 

Corpuf  elongatufn^subcylindrioum.  Basis  pedum  thuracicorum  brevis. 

1.  Pedes  thoracis  branchigeri. 

Fam.  I.  EuPHAUSiD^. — Anteniis  primse  birames^  [In  specie  bus  acru- 
tmtis  segtnentum  abdominis  posticum  barba  nud&  ad  extremiiatero  utrin- 
quenrmatum.] 

a«mi8  1.  Thtsaicofoda,  (  JT.  JSdwardit), — Oouli  eymmetrici,  breres.  Pedes  thonds 
ijuatuordecim,  duobus  posticis  obsoletis  brauehiis  ezceptia.  Flageila  duo  anteniiarum 
primanim  elongata. 

Qenu9  2.  Euphaubia,  {Dana), — Oculi  Fymmetrici,  breves.  Pedes  thoracu*  non  un- 
ffoiculati,  numero  duodecim,  quataor  pK>«»tici«  ohwletis  branchiis  exceptis.  Flagella 
QUO  antenDarum  primarum  elongata.    tegmentum  abdomiiiw  posticum  acumioatara. 

Genus  S.  CYaTOPiA,(i>af»a). — Oculi  pauloobloQ^apioeiu  exteroum  obliqu^  gibboad, 
leoticulis  totis  in  gibbositatem  ver<«iH.  Artiailus  aiitenuiruin  primarum  primus  api- 
cem  in/eriorem  productus.     Segmentum  abdominis  posticum  obtusum  aut  truncatuuL 

2.  Pedes  thoracis  abdomini»ve  non  branchigeri. 

Fam.  IT.  Mysidje. — Antennte  primie  biramece,  secundae  Iamin&  basali 
ihstructce.     [Pedes  thoracis  postici  nunquam  obsoleti  ?] 

1.  Pedum  rami  ambo  thoracivorum  cxtranitatein  mtUtiarticulati. 

Oenos  1.  Mtsis,  (LatreUU). — Pedes  thoracis  duededm,  maxilliped^  numero  sex 
Ajitemue  primce  flagellis  duoous  confectce.    Pedes  abdominis  peiVuli,  debiles. 

t.  Pedum  romuM  intemut  ihoraeicarum  non  multiarticulaiuSf  bene  unj^meuiatHSi 

Oculi  eymm^trici. 

Qenus  2.  Pkomtsis,  (Dana). — Pedes  thoracis  dnodecim,  maxillipedes'sex.  Anten- 
na prim«  flagelhs  duobus  laminAque  oblongA  confects.  Pedes  abdominis  oblongi, 
natatorii,  longitudinem  fere  osqul  [Segmentum  abdominis  posticum  emarginatum 
rel  bilobatum.] 

Genus  8.  Mysidia,  (Dana). — Pedes  thoracis  sexdcdm,  inter  sese  similes,  toti  bene 
palpigeri.  Antcnnffl  primae  flagellis  duobus  lamiiidque  oblongi  confectA.  Pedes  ab- 
dominis quarti  valde  elongati,  (an  discrimen  sexualis  tantum).  [Segmentum  abdom- 
inis  posticum  emarginatum  vel  oilobatum.] 

8tm.  Themisto,  Goodeir.  Hoc  qnoque  vocubulum  generis  Amphipodmn  auctori- 
tatem  prius. 

Genus  4.  Siriella,  (Dana). — Pedes  thoracis  sexdecim,  toti  bene  palpigeri,  posti- 
eorum  duodecim  ramo  pediformi  apicem  setis  brevibus  mobilibus  (instar  digiturum) 
juzta  unguem  iostructo.  Antenme  prinue  fliigeUiH  duobus  confect^e,  laminft  careatea^ 
redes  aMominis  toti  rudimentaril  [Rostrum  brevissimum.  Segmentum  abdominis 
posticum  apicem  rotundatum  et  spinulis  omatunij 

Genus  5.  Mrxo,  (Kroyer,  Tids.  JN.  R.  i.  470). — Pedes  thoracis  quatuordecim,  primi 
secundi  tertii  quartique  palpigeri,  quinti  sexti  septimi  simplices.  Appendices  caudalee 
segmentoque  caudau  connati,  ideoque  cauda  lat^  triangulata,  margme  postico  longo. 
FUtgella  antennarum  primarum  non  orticulata. 

I.   OeuU  e  latere  pedicelli  externa  obliquk  »pretante$f  ImtinUis  totie  parce   obli- 

quk  vtrtfie. 
Genus  6.  Loxopis,  (Dana). — Oculi  elongatl   Antennae  prims  flagellis  duobus  con- 
fectffi,  laminA  carentes.     Appendices  abdommis  rudimentaril    [Segmentum  abdomi- 
nis posticum  truucatum,  Tel  obtu.<um,  extremitate  spinuloso.]* 

•  Podopsis,  Thompeon,  (Zoological  Researches,  i,  69,  tab  69,  fi^.  1,)  pllus  (forsan 
nratilatus)  ineerta  sedis  yidetur.  Oculi  longissiml  Antennie  prmus  fere  obeolelv ; 
aecundoe  laminA  instructa.  Pedes  duo  longissimi,  articulo  tenui  annulato  confecti ; 
reliqui  breves.    Pedes  abdominis  natatorii 

Sequentet  FurciluB  et  Calyptopee  forsan  pulli  Decapodum  aut  quorundam  Schixo- 
pedum;  generibus  jam  enumerate  hoc  discrepant:  Apex  inferior  etrticuli  antmma- 
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Fam.  III.  8c£LBTiNiDJE.— -'AntenoK  prifn«  Mmplicet,  «Jongftt» ;  «e- 
oundae  birames. 

Geniu  1.  Rachitia,  (Dana). — Carapax  anticd  acnto-trictiffpidatus,  post  fronteni 
BOD  ooDstnctoB — Ociili  loiigi  obconid  Segraetitum  abdominis  seztiim  valde  elonga- 
tum,  [segmentis  in  specie  scrutatii  anticis  simul  sumtis  non  longioribus,  utroque  spi- 
nam  kiogaixi  dorsalem  gerente.]  Antennae  prinueflageUo  longotenuissimo  confeotos. 

Qeous  2.  ScELXTiNA,  (Dana). — Carapax  antice  acuto-tricuspidatus*  paulopost  fron- 
tem  instar  colli  oonHtrictua,  delude  ovatus  postic^  augustans.  Oculi  prsBlongi,  obconici 
Pedea  thoracis  elongati  duodeeim,  binunei,  ramo  pedifurmi  4-5  articuuito,  altero 
(palpo)  paroe  setoso ;  alii  pedes  breves  quatuor,  anteriores.  Pedes  abdominis  mdi- 
iQentariL     [Segmeotum  abdominis  po«ticum  lineare,  tnincatum  rel  ema]^g:inatum.] 

Hbc  animalia  Luciferibus  paolo  afiine^. 

3.  Pedes  abdominis  appendicihus  hranchiiformihus  instrtictu 
Pam.  IV.  Cynthid^. — Antennae  primse  biramesB,  secundee  lamini 
basal i  instructs. 

Qenos  Cynthia,  {Thompson). — Pedes  thoracis  quatuordedm,  biramei ;  maxillipedes 
quatuor.    Oculi  lureves  synimetricL 

Subtribus  II.     Amphionacsa.* 

Corpus  depressum,  carapace  foliaceo.  Basis  pedum  thoracicorum 
eloogatiis,  palpo  a  corpora  remoto. 

Fam.  I.  Amphionidx. — Corpus  elongatum,  abdoroioe  longitudinem 
mediocri,  thorace  per  carapacem  lecto. 

Oenus  AxPHioK,  {M,  Edwcwds,) 

Fam.  II.  Phyllosomidjb.  Corpus  hitus  et  breve,  abdomine  perbce?i 
aut  rudimentario,  thorace  per  carapacem  pleruroque  non  tecto. 

Geom  Pbtixosoxa,  (Leach,) 

TribusH.    APL06P0DA 

Pedes  thoracis  nee  biramei  nee  prehensiles.    Corpus  gracile,  longum. 

Fam.  I.  LuciFERiDiE. — Cephaloihorax  valde  elongatus,  segmento  ce- 
pbalico  (oculos  antennasque  pertineote)  longe  atlenuato.  Oculi  tenuiler 
valdeque  elongati. 

Oenus  LuoFKE. — Antennae  prima  simpUoes,  secundae  lamin&  basali  in8tructa>.  Pe- 
des thoracis  quatuor  postici  (ct  xiii,  xiv,)  obsoleti ;  octo  precedcntes  ^ct  iz,  x,  xi,  xii,) 
eloDgati,  setigeri ;  demde  duo  antici  (ct  Tiii,)  instar  maxiuipedam  flexi.  Maxillipedes 
dno  (ct  vii) ;  majdUn  quataor  (et  t,  yi) ;  mandibnlc  (ct.  iv,)  due  non  palpigeras. 

TribusIIL    STOMATOPODA. 

Os  mandibulis  duobus  maxillisque  duobus  instructum,  membris  ae- 
quenlibus  pediformibus.  Pedes  antici  (et  vi)  vergiformes,  elongati ; 
8  aequeotes  chelati ;  6  postici  aliia  remoti,  sepius  bifidi. 

nm  vrimarum  jprimi  longh  acuUqite  produchtt,  Animalia  scrutata  tota  immatur% 
pedibos  phu  mnnis  mdimentariis. 

Oen.  FuKoiLiA,  (JD&na). — Carapax  plus  minus  rostratus.  Oculi  apertl  Pedes  ab- 
dominis bene  natatoril  Antennie  pnm«  furcata  ramis  (immatoris  ?)  sulMSquis  1>2 
artieolataB ;  segmentum  abdominis  posticimi  truncatum,  extremitatem  siepius  spinu- 
losom.    Animalia  in  mari  alto  lecta. 

Oen.  Caltftopis,  (Dana). — Carapax  non  rostratus,  oculos  omnino  tegens.  Anten- 
oepnmaebirameie,  ramis  (immatun8?)fmba9quis  1-2  articulataa.  [Segmentum  abdom- 
inis posticum  truncatum,  extremitate  siepius  spinuloso.] 

*  Oenus  Ouma  cum  affinibus  Schizopoda  et  Macroura  affiliat  Forsan  Ordo 
"Cmnacea"  hie  cadit,  his  dignotus : — Oculi  minuti  sub  carapacem  celati :  Pedes  par- 
tim  biramei:  Appendices  caudales  pnelongi,  stvliformes  et  postiod  furcatl— 'M.  Ed- 
▼arda,  Ann.  dea  ScL  Nat,  xiii,  292,  Kroyer,  Tidak.  iii,  508  and  ibi  K.  It,  ii,  12^; 
Ooodsir,  James^  J.,  zxziy,  119. 


Digiti 


zed  by  Google 


132  Stdentific  InieUigmee. 

Fam.  L  Sqitillidjs. — RostranecrapaoeperJtrticaktioBeindiacratom. 

GoDus  1.  Sqdilla. — Digitus  manus  maximie  intiu  spinoso-deDtatus.  Ramus  pedom 
tbttrads  sex  postioorum  minor  anguBtua. 

Qenus  2.  Gonodacttlus. — Digitus  ixianua  laTiiiHB  iateger.  Ramus  pedum  thorafAi 
sex  posticorum  miaor  angustua. 

Genua  8.  Ooeoxis. — Ramus  pedum  thoracis  sex  postioorum  minor  lamellatua. 

Fam  If.  ERiCRTfiiDjE. — RoAtrumcarapaoeoondificretum.  Branchiae 
aeepius  rudimentarise,  aut  obsolete^. 

Genua  1.  SquiLLiucHTHUS. — Ericbtho  affinia  Digitus  manus  maximw  intus  den- 
tatus. 

Genus  2.  Ekichthcs. — Corpus  latus.  Pars  cephalothoracis  aatica  os  precedens 
brevior.  Carapaz  tboracem  sspius  omnino  tegens.  Digitus  manus  maximg  intus 
non  dentatus. 

Genus  3.  Alou. — Corpus  angustus.  Pars  oepbalothoimcis  andea  #6  pnoadBOB 
longior.  Carapax  tboracem  sajpius  non  omnino  tegens.  Digitus  niauis  maxima 
intus  non  dentatus.* 

TribusL    DIPLOOPODA.— Subtribus  1.    Mtsidacea. 

FatniHa  1.    EuPHArsiDJE. 

Genus  Eiiphau8i€L 

J.  EuPHAirsu  FELLUciDA. — Gfacili*.  Carapax  brevisaime  roatraHia. 
Segmenta  abdominis  margines  laterales  Integra,  arcuata.  Articolus 
antennarum  primaruin  primus  apicem  non  productus.  Lamina  anten- 
narom  2ndarum  basaiia  basi  paululo  longior.  Pedes  tenuissimi,  ar- 
ticulo  ultimo  bravissimo,  palpo  fene  triplo  breviore  quam  pes.  Sag* 
mentum  caudale  iameilis  caudalibus  paulo  longius,  barbia  aubapioalibus 
iBalientibus.     Branchiae  postics  aubdigitatee. — Long.  6'^'.     Incoiorata. 

Hab.  in  mari  Pacifico,  prope  insulus  **  Kingsmills ;''  Lecta  Ap.  1841. 

i2.  EupHAUSiASPLENDENS.— Carapax  hrevissime  rostratus  5  aegmeota 
abdominis  quataor  margines  Uterales  Integra,  subasqud  obtusa.  Ar* 
ticulus  antennarum  Imarum  primus  apicem  productus.  Lamina  anten* 
narum  2ndarura  baaalis  basin  non  su pecans.  Pedes  tenuisstmi,  artic- 
ttlia  tribus  uhimis  longitudine  subsequis,  aetie  longis  breTiter  plumosia, 
palpo  plus  duplo  breviore  quam  ramus  alter.  Segmentum  caudale 
Iameilis  caudalibus  longius,  barbis  subapicalibus  salientibua.  Branchiss 
posticflB  ramosffi. — Long.  6"'. — Paulo  rubesceoa. 

Hab.  in  mari  Allantico,  lal.  bor.  r-2%  long.  occ.  H'^-IS'*.  Lecta 
diebua  29,  80,  Oct.  1888. 

fivPKAUSiA  GRACILIS. — Carapax  brevissimd  roatratus.  Segmenta  ab* 
dominis  margines  lat^rales  autequ^  rotundata.  Articulus  antennarum 
Imarum  primus  apicem  parce  productus  et  acutus.  Lamina  antenna- 
rum 2ndarum  basatis  basin  multo  superans.  Pedes  tenuissimi,  articu* 
Ha  tribus  ultimis  liNigitudine  sabaequis,  setis  longiusculis,  palpo  parvulo, 
quadruple  breviove  <)uam  rannis  alter.  Segmentum  caudale  lamallia 
caadalibua  non  longius.  Branchise  posticse  ramosse. — Long.  6'''.  Parce 
fubescens. 

Hah.  in  mari  Pacifico,  lat.  aust  15^^,  long,  occ  148^ ;  lecta  die 
Sept  1839. 

*  Ixmgttiido  «armpad8  disorimen  Erichtiii  et  Alimc  non  semper  valet ;  longitudo 
|Murtii  cepbalothOTacis  os  preoedentis  meUus.  > 
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EuPHAiTSiA  suPBRfiA.— -Care  pax  brevissime  acute  rostretus.  Seg* 
meota  abdominis  margioes  laterales  arcuata,  Integra,  sexto  non  longiore. 
Articulus  antennarum  Imarum  primus  apicem  productus  et  obtusus. 
Lamioa  antenoarum  2ndarum  basalis  basi  vix  brevier.  Articulus  pedum 
nllimus  pertenuis,  penultimo  multo  brevior*  Brancbis  posticiB  in- 
star  rotse  paulo  involutse,  ramis  subradiatis,  arcuiformibus,  ramulis 
seriatis  setiformibus.  Segmentum  caudate  lamina  caudali  proximA 
paululo  brevius. — Long.  2".     Rubra. 

Hab.  in  roari  Antarctica,  prope  long,  orient,  150^  et  lat.  aust.  60^. 

3.  Eyu  of  Sapphirina^  Coryccnis^  etc, ;  by  J.  D.  Dana. — In  a  brief 
description  of  these  genera  in  the  Proceedings  of  the  Academy  of  Arts 
tod  Sciences  of  Boston,  and  in  this  Journal,*  a  peculiar  kind  of  eye  is 
memioDed,  upon  which  an  additional  remark  is  here  added.  These 
eyes  are  simple,  and  of  extremely  large  size  for  the  animals.  The 
lens  is  a  prolate  spheroid,  situated  internally  within  the  thorax,  far  re- 
mote from  the  cornea;  the  cornea  is  a  broad  oblate  lens,  perfectly 
pellucid  and  colorless,  and  connected  with  the  exterior  shell.  The  di- 
ameter of  each  of  the  latter  in  many  Corycsei  is  nearly  half  the  breadth  of 
the  thorax,  and  the  two  stand  in  the  front  like  a  pair  of  spectacles,  huge 
for  the  minute  animals  so  provided.  In  the  same  animal  the  prolate 
lens  may  be  situated  as  far  tuck  nearly,  as  the  middle  of  the  thorax, 
to  that  a  long  space  intervenes  between  it  and  the  cornea.  The  ob« 
late  (brm  of  the  spectacle- like  cornea,  (we  have  called  them  in  Latin, 
amspiciUa^)  is  fitted  to  compensate  for  the  too  great  convexity  or  prolate 
ellipticity  of  the  lens,  and  it  serves  the  same  purpose  as  glasses  for  a 
near-sighted  person. 

The  genus  Sapphirina  is  olosely  related  to  Corycaeus,  and  has  the 
same  peculiar  eyes.  The  only  mention  of  these  conspicilla,  which  has 
been  made  by  any  previous  author,  is  to  be  found  in  a  memoir  in  F. 
J.  P.  Meyenii  Obs.  2^olog.  in  Itin.  circum  Terram  institutas  accedunt 
6uil.  Erichsonii  el  H.  Burmeisteri  Descript.  et  Icones  Insectorum  a 
Meyenio  in  tsta  Expeditioue  collectorum ;  from  the  16ih  vol.  Nova  Acta 
Cffis.  Leop.  Car.  Nat.  Cur.,  page  156,  pi.  27. — The  species  (probably 
a  true  Sapphirina)  is  called  Carcinium  opalinum.  The  conspicilla,  by 
a  mistake  of  observation  (and  it  is  not  the  only  one  in  the  description 
and  much  magnified  figure),  are  spoken  of  as  dimples  (Grubchen).  They 
are  not  noticed  by  Thompson  who  established  the  genus  Sapphirina. 
Similar  eyes  occur  in  some  of  the  Caligus  group,  and  the  writer  has 
established  one  genus,  Specillipis^  on  this  ground,  which  otherwise 
is  identical  with  Nogagus. 

A  cornea  of  lenticular  form  is  by  no  means  peculiar  to  these  8pe« 
cies  of  Crustacea ;  but  they  have  hitherto  been  observed  only  in  com- 
pound eyes,  in  which  case  the  lens  and  cornea  are  minute  and  not  far 
distant. 

4.  Contributions  to  Conchology^  Nos,  1-4 :  and  Monograph  of  Sto* 
iSTOMA,  a  new  genus  of  new  operculated  land  shells^  by  Prof.  C.  B. 
Adams,  of  Amherst  College. — Although  more  than  three  centuries  have 
elapsed  since  the  West  India  Islands  were  first  revealed  to  Europe,  il 
may  safely  be  said  that  few  portions  of  the  world  can  reward  the  search 
of  the  naturalist  with  so  much  that  is  novel  and  interesting.     This  is 

*See  last  volume,  p.  280 ;  alao.  Proceedings  of  the  Acad.  Kat  Sci.,  Philadelphia, 
ia46.ii.J86. 


Digiti 


zed  by  Google 


134  SdenUfk  IfUelUgena. 

loore  particularly  true  as  regards  the  department  (^  mollusca,  and  es- 
pecially the  tribe  of  air-brealhiug  or  land  motlusca. 

A  few  only  of  the  larger  species  of  this  tribe  found  their  way  at  an 
early  dale  into  European  cabinets,  and  were  described  and  figured  by 
the  concbological  writers  of  the  last  century.  At  a  later  period,  through 
the  intercourse  between  France  and  the  islands  dependent  on  her, 
French  cabinets  were  enriched  with  many  species  from  Hayti,  Martin- 
ique and  Gaudaloupe,  which  adorn  the  great  monograph  commenced  by 
Baron  Ferus:>ac.  The  Rev.  Lansdowne  Guildiog,  an  accomplished 
English  naturalist,  resident  for  many  years  upon  the  island  of  St. 
Vincents,  brought  to  light  the  productions  of  that  island ;  and  since 
then,  resident  collectors  at  St.  Thomas  and  at  other  islands  have 
added  something  to  our  knowledge  of  the  land  conchology  of  their 
vicinities. 

The  monograph  of  the  genera  Helicina  and  Cyclostoma  in  Sowerby^s 
Thesaurus  Conchyliorum,  contained  many  new  West  India  species. 
Dr.  Gould  has  described  a  few  species  from  the  island  of  Cube,  ia 
these  and  other  genera ;  and  Dr.  L.  PfeifTer,  the  author  of  the  admira* 
ble  Monographid  Heliceorum  Viventium,  also  collected  many  new 
species  from  the  same  island  and  has  published  them  in  Wieginann^s 
Archiv.  A  recent  hasty  visit  to  the  same  quarter  by  Dr.  Newcomb, 
has  acquainted  us  with  interesting  species  from  the  Isle  of  Pines,  and 
Mr.  Gosse,  an  English  gentleman  who  visited  Jamaica  to  collect  bircis, 
brought  home  also  many  new  shells  which  now  enrich  the  Cumingiaa 
collection,  and  have  been  described  by  Dr.  Pfeifier. 

Bui  the  only  published  work  of  any  extent,  which  professes  to  give 
a  detailed  account  of  the  concbological  fauna  of  any  part  of  the  West 
Indies,  is  d'Orbigny^s  Mollusques  de  Cuba,  forming  part  of  Ramon  de 
la  Sagra^s  history  of  the  Island  of  Cuba.  This  work  is  still  incomplete. 
The  hrst  volume  of  the  ^^  Mollusques^^  was  published  in  Paris  in  1841, 
and  is  yet  liille  known  in  this  country. 

Such  are  the  sources  of  our  knowledge  of  the  West  India  land  shells, 
aside  from  that  supplied  by  Prof.  Adamses  labors  in  Jamaica.  A  visit  to 
that  island  in  the  winter  of  1843-4,  enabled  him  to  ascertain  just  enough 
of  its  zoological  and  especially  its  concbological  riches,  to  excite  a  de- 
sire in  lovers  of  science  that  this  field  might  be  more  thoroughly  ex- 
plored. A  hasty  examination  of  but  a  small  portion  of  the  island  on 
that  occasion,  enriched  our  catalogues  with  about  120  new  species,  of 
which  about  70  were  marine,  and  50  were  land-shells. 

In  the  winler  of  1848-9,  Prof.  Adams  made  a  second  visit  to  this 
island,  and  a  brief  review  of  the  results  is  contained  in  the  papers 
named  at  the  head  of  this  article.  We  see  with  surprise  how  rich  a 
field  has  been  lying  neglecied  almost  at  our  doors.  The  ^^  Contribu- 
tions to  Conchology"  contain  descriptions  of  137  supposed  new  species 
of  land  and  fresh-water  shells;  and  these  added  to  those  found  in  the 
first  visit,  make  a  total  of  187  species  contributed  to  science  by  Prof. 
Adams.  The  extenl  of  this  ^*  contribution"  will  be  appreciated,  when 
it  is  observed  that  the  whole  number  of  land  and  fresh-water  species 
yet  known  to  inhabit  the  island  is  only  286. 

The  operculated  species  constitute  a  large  share  of  this  increase  ;  of 
101  species  from  Jamaica,  66  were  discovered  by  Prof.  Adams.  Among 
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tbem  there  is  a  new  genitt  called  Sfoas/oma^  characterized  by  a  'setni* 
circular  aperture  and  projecting  lubrum,  embracing  as  far  as  known, 
about  a  dozen  apecie»,  all  minuie,  and  forming  a  connecting  link  be* 
tween  Cyclostoma  and'Helicina.  Many  of  the  new  species  of  Cy* 
ckvtoma  are  remarkable  for  their  beauty,  as  for  instance,  C.  Augusta), 
C.  proximum,  C.  5-fasciatum,and  C.  ignilabre ;  and  others  for  the  novelty 
of  their  forms,  such  as  C.  monntrosum  and  C.  tecti^abre,  in  which  last 
the  operculum  is  much  larger  than  the  aperture,  and  is  of  course  en- 
tirely exiemal.  The  genus  Trochatella  furnishes  some  beautiful  spe* 
eieH,  of  which  T.  Tankervillei,  Soto.,  and  T.  Josephins,  Adama^  are 
worthy  of  note — the  latter  forming  a  connecting  link  between  the 
typical  species  of  the  genus  and  that  most  elegant  of  land-shells,  the 
T.  pagoda  Velasquez,  from  the  Isle  of  Pines. 

Of  the  157  species  of  Jamaica  HelicidtSi  Prof.  A.  has  contributed 
more  than  100,  many  of  them  of  unusual  beauty,  and  of  which  we  in- 
stance Cylindrella  Agnesiana,  Achatina  elegans  and  the  group  it  rep- 
resents, Helix  peracutissima,  H.  fluctuata,  H.  virginea,  6cc. 

Professor  Adams  has  also  contributed  much,  bearing  upon  the  import- 
ant subject  of  geographical  distribution.  The  most  striking  result  pre- 
sented, is  that  while  the  marine  species  of  the  West  Indies  are  widely 
distributed,  some  few  extending  to  Brazil,  to  our  Southern  States,  and 
even  to  West  Africa  and  the  Mediterranean,  and  not  more  than  ten  or 
fifteen  per  cent,  being  peculiar  to  Jamaica,— *the  case  is  quite  the  re- 
rerie  with  the  terrestrial  shells,  not  more  than  six  to  nine  per  cent,  of  the 
Jamaica  species  being  common  probably  to  this  and  any  other  island. 
Dr.  Gould  has  noticed  similar  facts  in  examining  the  terrestrial  shells 
fnxn  the  several  islands  and  groups  in  the  Paci6c,and  from  the  little  we 
know  of  the  fauna  of  the  other  West  India  islands,  there  is  reason  to 
believe  that  the  law  will  hold  good  in  regard  to  most  of  them.  Of  the 
few  species  which  are  common  to  the  islands  in  general,  many,  there 
is  reason  to  believe,  have  been  distributed  by  human  agency.  Of  the 
230  species  of  Helicidro  on  the  contiguous  islands  of  Jamaica  and 
Cuba,  only  niTie  are  said  to  be  common  to  both,  and  a  closer  examina- 
tk>o  of  the  specific  character  of  these,  will  probably  show  some  of 
them  to  be  really  distinct.  Nor  can  we  suppose  that  future  explora- 
tk)ns  will  materially  alter  the  per-centage  of  community  of  species,  for 
aoce  most  of  them  are  restricted  to  limited  localities — such  researches 
will  increase  the  number  of  new  and  peculiar  species,  in  at  least  as 
great  a  proportion  as  of  those  common  to  other  islands.  These  facts 
show  that  the  field  open  to  the  conchologist  in  the  tropical  archipelagos 
is  far  wider  than  was  ever  supposed.  For  if  an  examination  of  one 
teoth  of  the  surface  of  Jamaica  has  led  to  such  results,  how  will  our 
future  catalogues  be  swelled  with  the  lists  of  species  still  undiscovered 
00  that  island  and  the  other  great  islands  of  Cuba,  Hayti,  Porto  Rico, 
besides  the  many  of  smaller  extent.  And  if  this  law  holds  true  of 
different  islands  of  the  same  group,  how  much  more  in  regard  to  groups 
which  are  widely  separated  ?  It  reiiders  almost  certain,  what  at  one 
time  would  have  been  thought  impossible — that  the  existing  species  of 
terrestrial  shells  may  far  outnumber  the  marine  species. 

Some  remarks  upon  the  difTerent  proportion  in  which  certain  genera 
of  land  shells  are  distributed  in  the  eastern  and  western  hemispheres, 
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may  not  be  out  of  place  here.  Of  the  genus  dausiUa^  so  abuDdant 
in  the  old  world,  and  especially  in  the  southeastern  parts  of  Europe^ 
and  now  embracing  about  200  species,  but  one  has  been  found  upon 
this  continent.  One  species  only  is  known  in  the  West  indies,  and  this 
is  an  aberrant  form,  quite  dilferent  in  aspect  from  those  of  Europe. 
But  the  place  of  this  genus  is  well  supplied  in  tropical  America  by 
Cylindrellay  of  which  about  70  species  are  already  known,  more  than 
30  of  them  existing  in  Jamaica.  On  the  other  hand,  the  Phiiippine 
islands  furnish  the  only  species  of  Cylindrella  which  is  known  to  exist 
in  the  eastern  hemisphere.  The  genera  Proserpina^  Tomigerus^  Ges* 
melanin  and  Sloasloma^  are,  as  far  as  known,  confined  to  the  westero 
hemisphere,  while  with  only  one  or  two  exceptions,  Vilrina  has  been 
found  only  on  the  eastern.  Aehalinella  and  Fupina  are  restricted  to 
the  islands  of  the  Pacific,  and  Tonialellina  as  yet  contains  but  ooe 
West  India  species. 

The  followmg  table,  although  based  on  data  necessarily  imperfect  in 
the  present  state  of  our  knowledge,  may  have  some  interest  in  showing 
the  proportion  which  the  known  terrestrial  s|)ecies  of  Jamaica,  bear  to 
those  of  the  West  Indies, — and  also  the  proportion  which  the  latter  bear 
to  the  known  terrestrial  species  of  the  globe. 


Totol  No. 

No.  of  known 

No  ofkaafwi 

1    Proportion  of 

Proportion  of 

of  knowm 

West  India 

Jamaica 

w.tT 

species 

Jamaica  speeds 

fpeciei. 

spociea. 

•pecias. 

to  tbo  whole. 

tothewliolo. 

Fam.  Cyclostomida 

Tnincatella, 

16 

4 

8 

27  per  cent. 

20  per  cent. 

Pupina, 

10 

0 

0 

0 

" 

0 

u 

Cyelostoma, 

800 

82 

63 

27 

M 

21 

u 

Stoastoma, 

11 

11 

11 

100 

M 

100 

u 

Helicina, 

160 

64 

24 

34 

M 

15 

<« 

496 

161 

101 

37-6 

20 

Fam.  Helicidjc 

Daudebardia, 

3 

0 

0 

0 

M 

0 

M 

Vitrina, 

60 

0 

0 

0 

U 

0 

•* 

Succinea, 

76 

14 

4 

19 

u 

6 

u 

Helix, 

1,260 

151 

61 

12 

M 

5 

44 

Anostoma, 

3 

0 

0 

0 

" 

0 

** 

Tomigcrus, 

2 

0 

0 

0 

i< 

0 

U 

Streptaxia, 

26 

0 

0 

0 

** 

0 

« 

Pruserpina, 

6 

4 

2 

67 

« 

Sd 

U 

Bulimus, 

TOO 

89 

16 

H 

M 

2 

M 

Achatinella, 

30 

0 

0 

0 

M 

0 

M 

Achatina, 

192 

61 

28 

26 

U 

15 

M 

Gibbus, 

2 

0 

0 

0 

*• 

0 

«» 

Gesmelania, 

4 

4 

4 

100 

i( 

100 

U 

Cylinclrella, 

69 

57 

86 

83 

" 

51 

It 

Balea, 

9 

0 

0 

0 

M 

0 

a 

Tornatcllina, 

11 

1 

0 

9 

U 

0 

M 

Clausilia, 

226 

1 

0 

i 

** 

0 

** 

Pupa, 

176 

23 
346 

9 
169 

13 
12 

U 

6 

(t 

< 

2,842 

M 

The  family  of  Auriculidae  has  not  been  worked  out  with  sufficient  ac- 
curacy to  institute  a  similar  comparison,  but  the  whole  number  of 
known  species  contained  in  it  does  not  probably  exceed  100. 
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The  following  table,  which  is  made  up  from  such  data  as  are  fur* 
nisbed  in  Pfeifier^s  Monographia  Heliceorum : 


Cuba, 

92  species. 

Jamaica, 

146       « 

Hayti, 

10       « 

Porto  Rico, 

16       " 

St  Thomas, 

Tortola, 

18       « 

St  Croix, 

StVinceota, 

8       " 

Ouadaloape, 

1    27       « 

Barbadoes, 

Oranada, 

Trinidad, 

Bahamas, 

Bennuda, 

General, 

Uncertain, 


7  sp6cie& 

8 

4 

5 

14 

844 


The  table  is  of  use  only  to  show  how  little  we  yet  know  of  the  other 
West  India  islands.  In  this  estimate,  which  is  confined  to  the  Helicidse, 
each  species  is  referred  to  the  island  or  group,  supposed  to  be  its  proper 
habitat. 

We  are  happy  to  say  that  Prof.  Adams  is  engaged  upon  an  extended 
monograph  of  the  shells  of  Jamaica,  in  which  his  labors  will  be  pre« 
sented  to  the  world  in  a  more  complete  form,  and  it  will  no  doubt  be 
eagerly  awaited  by  the  lovers  of  natural  science.  J.  H.  R. 

5.  Eryx  maculahu^  a  new  spedeMfram  Madras ;  by  Edward  Hal« 
LowBLL,  M.D.,  (Proc.  Acad.  Nat  Sci.,  Philad.,  July,  1849,  p.  184.)— 
Head  of  moderate  size,  depressed,  covered  with  scales,  larger  in  front ; 
rostral  plate  large,  triangular ;  a  single  nasal  plate  on  each  side ;  nos« 
tril  small ;  thirteen  labial  plates  margin  the  upper  jaw ;  pupil  vertical, 
eye  surrounded  by  a  circular  series  of  plates  ;  iris  brownish  red  ;  neck 
of  same  size  as  head  posteriorly ;  body  thicker  in  the  middle,  becoming 
aomewhat  slender  towards  the  tail ;  scales  small,  carinated  ;  a  row  of 
single  plates  under  the  tail,  followed  by  others  which  are  bifid ;  tail 
short,  truncate,  (mutilated  }) 

Color, — Light  brown  above,  with  numerous  spots  of  the  same  tint 
bat  darker ;  abdomen  light  slate  color. 

0h9€rvation$, — This  beautiful  reptile  was  pointed  out  to  me  so  long 
tgo  as  1840,  by  the  late  Dr.  Harlan.  It  was  brought  from  Madras,  in 
the  neighborhood  of  which  it  was  found  upon  a  sandy  soil.  It  appear- 
ed to  be  perfectly  harmless.  The  drawing  was  taken  during  life  by 
Mr.  Richard,  and  is  remarkable  for  its  accuracy.  The  above  short  de- 
scription is  made  up  from  it,  the  notes  which  were  written  during  its 
life  having  been  mislaid.  It  is  so  good  however,  that  a  description  of 
any  kind  is  almost  unnecessary.  The  entire  length  was  about  one  foot 
sod  a  half.  I  have  long  hesitated  to  publish  a  description  of  this  ani- 
nisi,  coming  as  it  does  from  a  part  of  the  British  possessions  so  well 
known  as  Madras,  but  having  recently  observed  in  the  Annals  and 
Magazine  of  Natural  History,  several  species  of  reptiles  described  by 
Mr.  Gray,  as  new  from  the  same  locality,  not  being  found  in  the  British 
Museum,  and  difiering  so  entirely  as  it  does  from  any  figure  of  Eryx 
hitherto  published,  I  have  ventured  to  present  it  to  the  Academy  with 
the  name  I  have  given  it. 

6.  Descriptions  of  four  new  species  of  North  American  Salamanders^ 

ond  one  new  species  of  Scink ;  by  Prof.  Sfbncer  F.  Baird,  (Jour.  Acad. 

Nat.  Sci.,  Philad.,  [2],  i,  292.)— The  following  descriptions  conclude  a 

memoir  exhibiting  great  research,  which  presents  a  revision  (witho«t 

SwoKD  Skboes,  Yd.  IX,  Na  25.— Jsa,  1850.  18 
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deflcriptions)  of  all  the  North  American  Tailed- Batrachia.  The  author 
gives  a  thorough  review  of  the  synonymy,  with  references  to  all  orig- 
inal authorities,  and  a  notice  of  localities. 

Ambtstoma  macrodacttla,  Baird,  Scull  longer  than  hroad.  Toes 
long,  unwebbed.  A  broad  dorsal  reddish  brown  stripe.  Beneath  dark 
brown,  unspotted. 

Specimens  in  the  Academy  of  Natural  Sciences  of  Philadelphia. 
Brought  from  Astoria,  Oregon,  by  J.  K.  Townsend,  M.D. 

Body  rather  more  slender  than  in  the  other  species  of  Amhynioma; 
the  proportions  neariy  those  of  Desmognathusfitscus^  (Raf.)  The  colors 
somewhat  like  those  of  a  badly  preserved  Plethodon  erylhronotus^ 
(Green.)  Ground  color  dark  brown.  A  broad  dorsal  stripe,  originally, 
it  is  probable,  of  a  chestnut  brown  color,  now  very  obscure.  Sides 
sprinkled  with  grayish.  The  brown  of  the  sides  becomes  more  cod** 
centrated  towards  the  vertebral  line.  Tail  sub-round,  not  compressed. 
Largest  specimen  about  2|  inches.  From  the  snout  to  the  insertion  of 
the  hind  legs  H  inches. 

Ambystoma  mavortia,  Baird.  Scull  broader  than  long.  Toes  short, 
and  broad.  Tail  much  compressed.  Color  dark  bi^wn,  with  several 
large  yellowish  blotches  beneath,  and  transverse  bands  of  the  same  on 
sides  of  body  and  tail. 

One  specimen  procured  in  New  Mexico  by  Dr.  Wislizenas  while  at* 
tached  to  Col.  Doniphan^s  expedition. 

Body  thick  and  clumsy,  more  so  than  in  Ambystoma  punctata.  Feet 
short ;  toes  broad.  Tail  slightly  ensiforro ;  longer  than  the  head 
and  body. 

Greneral  color  (as  preserved  in  spirits)  a  dull  black  or  dark  browo, 
with  two  or  three  yellowish  blotches  occupying  the  greater  part  of  the 
belly.  About  nine  broad  transverse  bands  of  yellowish  on  the  sides  of 
the  body,  confluent  to  a  certain  extent  with  that  on  the  belly.  Similar 
markings  on  the  tail,  forming  neariy  complete  ellipses,  and  about  twelve 
in  number.  The  back  is  not  crossed  by  the  yellowish,  but  is  rather 
darker  than  the  ground  color.  The  interspaces  of  the  transverse  yel- 
lowish markings  are  confluent  with  the  dark  brown  on  the  back.  Ex- 
tremities blotched  like  the  body.     Total  length  eight  inches. 

This  species  comes  nearest  to  Drilon  ensatuSy  Esch. ;  it  diflers  from 
it  in  color,  and  in  the  arrangement  of  the  palatine  teeth. 

Ambystoma  episcopus,  Baird.  Head  wedge-shaped.  Scull  longer 
than  broad.  Tail  much  compressed,  shorter  than  the  body.  Body 
yellowish  with  dark  mottlings  and  darker  spots. 

One  specimen  sent  by  Clinton  Lloyd,  Esq.,  from  Kemper  County, 
Mississippi. 

Proportions  of  the  body  nearly  those  of  Ambystoma  opaca^  Grav. 
The  specimen  much  corrugated,  and  its  colors  obscured  by  alcohol. 
The  ceneral  color  appears  to  have  been  a  shade  of  yellowish  over  the 
whole  body,  obscured  on  the  back  by  very  minute  dusky  mottlings : 
this  mottling  less  evident  on  the  feet  and  tail ;  abdomen  and  tail  be- 
neath almost  entirely  free  from  it.  Head,  back,  and  sides  of  the  tail 
with  numerous  spots  of  a  darker  mottling  than  that  just  described. 
These  are  sub-circularly  distributed  rather  uniformly  on  the  head  and 
body ;  they  are  larger,  and  more  irregular  on  the  sides  of  the  tail ; 
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their  average  sise  is  that  of  the  iris.  On  the  sides,  between  the  ft>re 
tfld  hind  legs,  the  dark  mottling  is  ooncentrated  into  an  obscure  broad 
dark  band.     Length  about  five  inches. 

PsEu DOTSiTON  MONTANUS,  £aird.  Similar  to  P.  ru5er,  (Daud.)  Tail 
as  long  as  the  body.     Iris  dark,  without  the  longitudinal  tuir. 

Two  specimens  obtained  in  the  South  Mountain,  near  Carlisle,  Penn« 
tylvania. 

Ground  color  of  all  the  upper  parts  reddish  brown,  with  sparse  circu- 
lar spots  of  well  defined  black  or  dark  brown.  Beneath  deep  salmon 
color:  spots  few  on  the  sides  and  the  outside  of  the  limbs.  Iris  dark 
chestnut  brown  almost  black,  with  faint  mottlings  of  bronze  on  the 
iooer  border,  and  without  the  dark  bar  of  P,  ruber.  In  this  latter  spe- 
cies the  iris  is  brassy  yellow  with  a  dark  longitudinal  bar.  Proportions 
of  body  most  like  those  of  P.  salmoneUj  (Storer.)  The  insertion  of  the 
hiod  legs  is  just  half  way  between  the  snout  and  tip  of  tail.  In  P.  ru» 
&o-  it  b  considerably  nearer  the  tail,  which  thus  becomes  shorter  than 
the  bead  and  body.  The  crown  of  the  head  is  more-  elevated,  and  the 
occiput  more  convex  in  P.  montantu  than  in  P.  mber^  the  scull  also  is 
more  elongated.  The  spots  on  P.  mber  are  more  numerous,  and  gen- 
erally not  so  well  defined.  When  also  the  ground  color  in  P.  ruber  is 
darker  than  the  usual  rich  salmon  color,  the  spots  are  very  much  crowd- 
ed, indistinct,  and  confluent  with  the  ground  tint.  Costal  furrows  ia 
P.  monatus  17  ;  but  16  in  P.  ruber. 

Of  the  two  specimens  obtained,  one  was  six  inches  long,  the  other 
three.  The  latter  was  even  more  characteristically  marked  than  the 
former.    Both  were  described  when  living. 

Plestiodon  anthracinus,  Baird,  Size  between  Lygosoma  lateralis 
and  Plestiodon  fasdatus^  without  any  indication  of  a  vertebral  line. 
Foar  narrow  longitudinal  yellow  lines,  and  on  each  side  a  broad  stripe 
of  anthracite  black. 

Upper  parts  dark  bronze ;  each  scale  has  a  faint  border  of  this  color, 
with  a  central  cloud  of  the  same.  Small  blotches  on  the  plates  of  the 
head.  The  lateral  band  of  black  begins  at  the  nostril  in  a  sharp  point, 
passes  back  including  the  eyelids  and  widening  to  the  ear;  after  tbis  it 
continues  parallel  U>  beyond  the  vent,  when  it.  tapers  to  tho  end  of  the 
tail.  The  tint  of  the  black  is  that  of  highly  polished  anthracite  coal. 
Oq  each  side  of  this  lateral  anthracite  band  is  a  narrow  stripe  of  pale 
yellow,  the  upper  passing  through  the  middle  of  one  row  of  scales, 
the  lower  including  the  contiguous  edges  of  the  rows.  The  remainder 
of  the  row  of  scales  above  the  upper  yellow  stripe  is  also  anthracite, 
with  which  color  the  sides  immediately  below  the  lower  stripe  are 
also  tinged.  Beneath  yellowish  white.  Under  the  microscope  each 
lower  scale  exhibits  a  finely  dotted  reticulation.  Tail  dark  blue 
above,  beneath  lighter.  Outside  of  legs  and  feet  black  like  the  sides, 
ioside  lighter.  Iris  black.  In  a  single  very  old  specimen  the  whole 
head  to  behind  fore  legs  was  tinged  with  the  red  color  found  in  i^lmost 
all  of  the  Plestiodontes.  Measurements  of  a  specimen  of  medium  size : 
total  length  5^  inches ;  tail  from  vent  3} ;  head  to  ear  f ;  breadth  of 
bead  ^ ;  greatest  breadth  of  dorsal  band  -^ ;  of  lateral  band  ^. 

Found  quite  abundantly  about  old  logs,  in  the  ^orth  Mountain  near 
Carlisle,  Pennsylvania.  More  common  than  either  Plestiodon  fascia- 
tuij  or  P.  quinquelineaius. 
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7.  On  Infusorial  Deposits  on  the  River  Chutes  in  Oregon ;  by  M. 
Ehrbnbbrg,  (Monatsb.  Acad.  Berlin,  Feb.,  1849,  p.  76.)— Ehrenberg 
fiirst  draws  attention  to  the  results  of  his  former  researches,  that  the 
Rocky  Mountains  are  a  more  powerful  barrier  between  the  two  sides 
of  America,  than  the  Pacific  Ocean  between  America  and  China ;  the 
infusorial  forms  of  Oregon  and  California  being  wholly  diflferent  from 
those  of  the  east  side  of  the  mountains,  while  they  are  partly  identical 
with  Siberian  species.  This  fact  is  confirmed  by  his  examinations  of 
earth  from  the  gold  region  of  California,  and  from  the  Chutes  river  of 
Oregon,  obtained  by  Fremont.  The  latter  deposit  is  situated  at  an  ele- 
vation of  seven  to  eight  hundred  feet,  and  constitutes  a  bed  dve  hundred 
feet  thick  of  porcelain  clay.  It  is  overlaid  by  a  layer  of  basalt  one 
hundred  feet  thick. 

Prof.  Bailey  who  examined  this  material  for  Fremont,  reported  that 
it  consisted  of  fresh  water  infusoria,  and  many  species  were  distinguish- 
ed.*  Ehrenberg  on  farther  investigation  has  made  out  seventy-two 
species  of  polygastrica  with  siliceous  shells,  sixteen  species  of  phytoli- 
thuriens,  and  three  of  crystalline  forms.  The  more  prevalent  species 
are  Discoplea  oregonica^  Gallionella  granulala^  G.  crenala^  Eunotia 
Westermanniy  Cocconema  asperum^  etc.  The  Discoplea  and  Raphoneis 
oregonica  are  the  only  two  species  characteristic  of  the  locality.  The 
beds  are  more  recent  than  those  of  the  Klackamus  river,  a  few  miles 
from  the  Falls  of  the  Willammet. 

8.  On  the  Fossil  American  Tapir;  by  Joseph  Leidt,  M.  D.,  (Proc. 
Acad.  Nat.  Sci.,  Philad.,  June,  1849,  p.  180.)— Dr.  Leidy  in  his  memoir 
describes  portions  of  the  fossil  Tapirus  americanus,  and  sustains  the 
▼lew  that  it  is  identical  with  the  recent  T.  americanus. 

'  IV.   AsTftONOMT. 

1.  On  Nehtdcs  observed  with  Rosse*s  Telescope^  (Proc.  Brit.  Assoc., 
1849,  A  then.,  I^o.  1143.) — At  the  meeting  of  the  British  Association 
at  York^  in  1844,  it  was  announced  that  a  reflecting  telescope  of  six 
feet  aperture,  which  had  been  about  two  years  in  progress,  was  nearly 
completed,  and  some  slight  account  was  at  the  same  time  given  of  the 
means  which  had  been  taken  to  render  the  instrument  convenient  and 
effective.  A  short  notice  of  the  principal  results  which  have  since 
been  obtained  may  perhaps  not  be  uninteresting  to  the  present  meeting. 
In  the  beginning  of  February,  1845,  the  instrument  was  so  far  finished 
as  to  be  useable,  and  in  the  ^rst  instance  it  was  directed  to  some  of  the 
brighter  nebulffi  in  HersehePs  Catalogue.  Many  of  them  were  imme- 
diately resolved,  and  very  frequently  the  aspect  and  form  of  well-knowa 
nebuls  were  completely  changed,  fainter  details  not  previously  seea 
being  brought  out  by  the  great  light  and  magnifying  power  of  the  tele- 
scope. Before  the  end  of  April  the  wonderful  spiral  arrangement  in 
51  Messier  was  discovered.  The  speculum,  though  there  was  a  slight 
defect  of  figure,  was  in  fine  working  order,  and  defined  with  great  sharp- 
ness  when  the  air  was  steady.  At  the  approach  of  the  short  nights  whea 
the  season  for  observing  the  nebulae  was  nearly  over,  the  instrument 
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WAS  dismouDted,  as  it  was  desirable  to  take  the  earliest  opportunity  of 
completing  certain  portions  of  the  mechanism  which  had  heen  put  to- 
gether in  a  temporary  way  in  a  rough  state,  and  it  was  not  titi  the  close  of 
the  year  that  it  was  again  in  working  order.  During  the  year  1846,  the 
examination  of  the  nebuls  in  Herschers  Catalogue  was  continued,  many 
sketches  were  made,  and  another  spiral  nebula  was  discovered,  99  Mes- 
sier. The  moon  was  observed  occasionally,  and  the  superiority  of  the 
Ristrument  with  six  feet  aperture  over  that  of  three  under  equal  magni- 
fying powers  in  bringing  out  minute  details  was  very  remarkable,  so 
great  is  the  efiect  of  light  even  when  we  have  to  deal  with  an  object  so 
bright  as  the  moon  with  an  aperture  of  three  feet.  As  yet,  however, 
bot  little  time  has  been  devoted  to  an  examination  of  the  moon :  the 
■oooligbt  nights  have  usually  been  taken  advantage  of  for  experiments 
00  the  polishing  and  figuring  of  the  mirrors,  and  the  information  which 
bas  been  obtained  relates  principally  to  matters  of  detail  from  which  it 
would  be  premature  to  attempt  to  deduce  general  conclusions,  suitable 
to  the  present  notice.  The  succeeding  year,  1847,  there  was  but  little 
dooe.  Unprovided  at  that  time  with  an  assistant  capable  of  making 
tnkitworthy  use  of  the  pencil  and  micrometer,  and  being  almost  wholly 
occupied  with  the  duties  incidental  to  a  year  of  famine,  it  was  impossi- 
ble to  do  more  than  re*examine  a  few  of  the  objects  of  the  previous 
year.  From  the  beginning,  however,  of  the  year  1848  till  the  present 
time,  the  instrument  has  been  constantly  employed  whenever  the  season 
aod  weather  permitted  it,  and  the  following  are  some  of  the  results : — 
H  604  was  found  in  some  degree  to  resemble  the  great  spiral  nebula 
51  Messier,  but  it  is  a  much  fainter  object,  and  appears  to  be  made  up 
of  elliptic  streaks  disposed  rather  irregularly  with  a  tendency  to  spi- 
niity,  but  without  that  distinct  symmetrical  spiral  arragement  which  is 
10  marked  a  feature  of  51  Messier.  If  H  51  Messier  were  seen  some- 
what obliquely  and  were  considerably  fainter  it  would  probably  very 
ekwely  resemble  it.  H  854  has  an  arrangement  of  very  elliptic  annuli 
tad  is  apparently  a  system  of  the  same  class  seen  very  obliquely.  H 
838,  M  97  is  a  very  extraordinary  object,  with  a  dark  hollow  centre 
•omewhat  in  the  shape  of  a  figure  8  easily  seen  ;  and  with  a  disc 
irregularly  shaded,  but  showing  in  the  shading  a  decided  tendency  to 
spirality  when  seen  under  favorable  circumstances  ;  two  stars  are  placed 
in  a  remarkable  manner  in  the  central  opening.  We  may  conceive  it 
to  be  a  spiral  system  greatly  compressed  ;  the  edges  are  filamentous. 
H  2205  has  a  faint  but  large  spiral  appendage,  to  which  the  ray  as  fig- 
ured by  Herschel  is  in  some  measure  a  tangent.  Several  other  nebul® 
•re  recorded  in  our  note-books  as  belonging  to  the  class  of  spirals. 
The  well-known  planetary  nebula  in  Aquarius,  H  2098,  which,  in  for- 
mer years,  had  been  often  examined  with  a  telescope  of  three  feet 
aperture,  and  with  no  other  result  than  that  it  exhibited  a  filamentdus 
edge,  when  seen  with  the  great  instrument,  was  found  to  have  two  anstt 
like  Saturn.  Many  have  since  seen  it,  and  the  resemblance  to  Saturn 
out  of  focus  has  usually  suggested  itself.  It  is  probably  a  globular  sys- 
tem surrounded  by  a  ring  seen  edgeways ;  while  H  450 — which  turns 
oat  to  have  a  bright  centre  surrounded  by  a  comparatively  dark  ring, 
And  that  again  by  a  brisht  ring — though  a  much  fainter  object,  is  not 
inprobably  a  system  of  the  same  characters  seen  directly.    H  84  and 
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86  i«  a  remarkable  group  of  nebulce.  It  consisto  of  eight,  two  of  them 
pretty  bright  Such  groups  are  not  uocoroiDOD,  but  in  thw  iostaoce  there 
are,  1  believe,  more  nebulae  in  a  given  space  than  in  any  other  group 
we  have  noticed.  It  was  observed  by  Mr.  Stoney.  The  nebuls  were 
not  connected  by  any  perceptible  nebulosity,  but  there  are  cases  where 
a  nebulous  connection  was  distinctly  traced  ;  several  minute  nebulse,  or 
nebulous  knots  hanging  together  as  it  were  by  a  very  faint  but  unmis- 
takable nebulosity.  The  nebulae  of  Andromeda  and  Orion  have  of 
course  been  observed.  As  to  Andromeda,  there  seems  to  be  little  doubt 
that  the  companion  is  resolvable,  and  the  nucleus  of  the  great  nebula 
has  that  granular  appearaoce.which  indicates  resolvability.  It  has  how- 
ever, not  been  seen  as  yet  under  very  favorable  circumstances,  and  we 
have  not  commenced  a  sketch  of  it  The  nucleus  was  examined  on 
three  occasions,  and  the  abrupt  edge  of  the  preceding  streak  in  Mr. 
Bond^s  drawing  was  traced  to  its  visible  limits;  but  unfortunately  he 
did  not  receive  the  drawing  till  the  nebula  was  out  of  reach,  otherwise 
of  course  more  attention  would  have  been  directed  to  it.  Subsequent 
to  the  receipt  of  the  drawing,  the  nebula  was  seen  by  Mr.  Stoney  in  my 
absence  with  the  instrument  of  three  feet  aperture,  but  at  a  distance 
from  the  meridian.  The  appearance  was  very  much  as  in  Mr.  Bond's 
drawing,  except  that  the  contrast  between  the  preceding  portion  as 
bounded  by  the  preceding  edge  of  the  preceding  s^ieak,  and  the  fol- 
lowing portion  of  the  nebula,  was  much  greater.  The  question,  how- 
ever, of  most  interest  is,  what  do  these  streaks  indicate  ?  With  the 
great  instrument,  dark  streaks  have  been  observed  in  many  of  the  neb- 
ulae^^ometimes  almost  straight  as  in  Andromeda ;  for  instance,  H  887, 
H  1909,  H  1041,  H  1149,  are  cases  in  point,  the  streaks  being  nearly 
straight  H  1357,  to  which  Mr.  Bond  refere,  is  if  possible  a  still  stronger 
case  than  it  appeare  to  be  by  HerschePs  drawing,  as  I  find  a  sketch  in 
our  journal  showing  that  the  appendage  is  part  of  the  nebula,  the  neb- 
ulosity extending  and  encasing  both  extremities  of  the  opening  just  as 
in  Andromeda.  We  have  also  found  a  variety  of  examples  of  curved 
streaks;  for  instance  H  264,  H  491,  H  406,  H  731,  H  854,  H  875,  H 
1225,  and  others.  Also  H  1486,  H  464,  H  2241,  besides  the  well- 
known  annular  nebula  and  the  little  annular  nebula,  figure  48,  sketched 
by  Herschel,  are  some  of  the  examples  of  nebulae  with  comparatively 
dark  centres ;  the  darkness  being  apparently  of  the  same  quality  as 
the  dark  streaks  but  of  a  different  shape. 

With  these  facts  therefore  I  think  it  not  improbable  that  the  dark  lines 
noticed  by  Mr.  Bond  in  the  nebula  of  Andromeda,  and  which  with  suf- 
ficient power  are  perceptible  in  so  many  other  nebulae,  sometimes  nearly 
straight,  sometimes  variously  curved,  and  also  the  dark  spaces,  are  all 
indications  of  systematic  arrangement  When  we  see  a  dark  space  in 
thd  centre  of  a  planetary  nebula,  it  is  impossible  to  resist  the  impression 
that  we  are  looking  at  an  annular  system  bound  together  by  some  mys- 
terious dynamical  law.  If  we  see  a  bright  centre  as  in  H  450  sur- 
rounded by  a  dark  annulus,  and  that  again  by  a  bright  annulus,  we 
have  a  system  of  another  kind,  and  in  the  spirals  of  which  51  Messier 
is  the  most  remarkable  example  we  have  yet  found,  we  have  a  regular- 
ity of  arrangement  equally  accordant  with  our  preconceived  notions  of 
the  order  which  should  subsist  in  a  regular  independent  system.     Tlie 


Digiti 


zed  by  Google 


MisceUaneous  IfUelUgence.  14S 

very  elongated  elliptic  ttoniitar  nebulsp  where  the  minor  axte  is  some- 
times  almost  evanescent,  shew  us  pretty  clearly  the  nature  of  the  slight, 
long,  dark,  and  nearly  straight  streak  in  some  cases  found  parallel  to 
the  axis  of  a  long  ray.  A  little  consideration  of  the  appearances  which 
annular  and  spiral  systems  must  present  when  viewed  in  different  post* 
tioos,  ID  some  instances  affords  a  pretty  satisfactory  explanation  of  the 
confused  streakiness  we  have  observed  in  several  of  the  nebulse.  This, 
however  unsatisfactory  it  may  appear,  is  the  best  explanation  our  work- 
ing journal  books  at  present  afford  of  the  streaks  observed  by  Mr.  Bond 
in  the  nebula  of  Andromeda.  Mr.  Bond^s  paper  has  exciled  so  much  in- 
terest, and  I  have  been  so  oHen  questioned  relative  to  it,  that  1  have 
prematurely,  in  anticipation  of  more  numerous  sketches  and  measure- 
ments, which  will  probably  throw  additional  light  on  the  subject,  ven- 
tured to  lay  before  the  Association  the  very  little  which  is  at  present 
known  to  us.  It  was  in  the  spring  of  1846  that  we  first  perceived  the 
brighter  portions  of  the  nebula  of  Orion  in  the  neighborhood  of  the 
Trapezium  breaking  up  into  minute  stars.  Whenever  the  sixth  star 
was  nicely  separated,  this  appearance  was  clearly  perceptible.  We 
had  repeatedly  examined  Orion  whh  the  telescope  of  three  fbet  aper- 
ture without  a  suspicion  of  its  being  resolvable ;  however,  its  resolvable 
character  once  known  we  were  enabled  with  it  on  very  fine  nights  to 
see  some  of  the  stars.  With  the  six  feet  telescope  the  space  within  the 
Trapezium  is  still  dark,  just  as  Herschel  describes  it,  and  I  feel  convin« 
ced  there  is  no  optical  illusion.  Last  season  my  attention  was  directed 
by  Mr.  Stoney  to  Ononis,  which  is  on  the  edge  of  a  dark  spot ;  the 
dark  spot  includes  the  companion,  and  is  about  12''  diameter ;  we  have 
not  yet  had  an  opportunity  of  examining  it  with  the  great  instrument.  A 
few  copies  from  our  collection  of  sketches  accompany  this  notice ;  they 
have  been  made  within  the  last  day  or  two  by  a  drawing  master  in  the 
neighborhood.  He  has  transposed  white  for  black,  and  enlarged  the 
scale  to  nrake  them  more  suitable  for  exhibition  in  the  Section.  In 
sketching  we  employ  solely  the  black  lead  pencil,  black  representing 
light,  and  the  eye  by  habit  makes  transposition  without  effort.  The 
copies  are  not  quite  accurate,  but  they  are  sufficiently  exact  for  the 
purpose. 

2.  A  Model  of  ike  Moon*8  surfau. — Mr.  Blunt  exhibited  a  model  of 
part  of  the  moon's  surface,  at  the  recent  session  of  the  British  Associ- 
ation. It  represented  the  moon  as  it  appeared  through  a  Newtonian 
telescope  of  7  f\.  focus  and  9  in.  aperture,  under  a  magnifying  power 
of  about  250. 

V.    MiSCELLAIfEOUS   INTELLIGENCE. 

1.  Meteorite  in  North  Carolina. — On  the  authority  of  a  communi- 
cation from  J.  H.  Gibbon,  Esq.,  of  the  Branch  Mint  of  the  United  States 
at  Charlotte,  North  Carolina,  we  give  a  condensed  view  of  facts  re- 
garding a  fall  of  meteoric  masses  in  that  state,  not  having  room  for  the 
less  important  details. 

On  Wednesday,  the  31st  of  October,  1849,  at  3  o'clock,  p.m.,  several 
persons  in  the  town  of  Charlotte  were  astonished,  and  not  a  few  were 
exceedingly  terrified,  by  a  sudden  explosion,  followed  at  short  intervals 
by  two  oSaet  reports,  and  by  a  rumbling  in  the  air  to  the  east  and  south. 
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The  sounds  were  distioctt  and  continued  more  than  half  a  minute  ; 
they,  were  imputed  by  some  to  thunder — but  there  were  no  clouds,  the 
evening  was  calm  and  mild  like  the  Indian  summer,  and  only  a  mist 
was  seen  in  the  eastern  horizon ;  nor  were  the  impression  of  others 
batter  founded  that  the  explosions  were  due  to  the  blasting  of  rocks  on 
a  railroad  ;  but  sheriff  Alexander  having  once  before  witnessed  the  ex- 
plosion  of  a  meteor,  justly  traced  the  detonation  to  that  cause. 

The  negroes,  who  are  very  acute  observers  of  sounds  in  the  open 
air,  denied  the  thunder,  and  an  old  fisherman  said  that  the  reports  were 
.  like  those  of  three  pieces  of  heavy  artillery  followed  by  the  Imse  drum. 
Horses  both  in  harness  and  under  the  saddle  started  with  alarm. 

Enquiry  began  to  be  made  for  fallen  stones,  and  on  Monday  a  serv- 
ant of  the  mint  brought  in  a  report  from  the  county  of  Cabaras,  twenty- 
five  miles  distant,  that  there  were  notices  stuck  up  on  the  trees,  inviting 
people  to  come  and  see  *^  a  wonderful  rock  that  had  fallen  from  the 
skies  on  the  plantation  of  Mr.  Hiram  Post.'' 

Mr.  Gibbon  of  the  mint,  with  Dr.  Andrews,  travelled  twenty-one 
miles,  and  partly  at  night  by  torch-light,  to  see  ^^  the  larse  mass  of 
metallic  rock.''  They  UHind  placed  in  a  conspicuous  position  upon  a 
barrel  elevated  upon  a  post,*  ^^  a  bluish  gritty  rock,"  of  irregular  form, 
eight  inches  long,  six  broad  and  four  thick,  bearing  marks  in  spots,  of 
fecent  fracture,  but  otherwise  black  as  if  it  had  been  exposed  to  heat 
and  smoke,  the  black  color  being  relieved  where  the  crust  had  been 
broken,  and  a  little  of  the  clayey  soil  in  which  it  was  buried  in  its  de- 
scent still  adhered  to  it.  It  had  the  curved  indentations  usual  in  mete- 
orites, as  if  it  had  been  sofl  and  had  yielded  to  impressions,  and  lus- 
trous metallic  points  appeared  through  the  ground  color,  which  had 
generally  a  bluish  slaty  appearance,  but  no  such  rock  was  known  in 
the  neighborhood.  Mr.  Post  took  the  travelers  by  torch-light  to  see 
the  place  where  the  mass  fell.  He  was  at  the  time  in  company  with  a 
young  man  on  horseback ;  they  heard  overhead  a  whizzing  sound — 
the  whole  atmosphere  appeared  to  be  in  commotion — ^they  compared 
the  sound  to  that  of  chain  shot,  or  of  platoon  firing.  Nothing  was  visi- 
ble ;  but  their  attention  being  directed  by  the  sotind  towards  a  large 
pine  tree  east  of  them,  they  heard  the  stone  strike  ^^  with  a  dull,  heavy 
jar  of  the  ground,"  while  the  dog,  in  terror,  crouched  at  his  master's 
feet. 

Mr.  Post,  (in  his  peculiar  language,)  had  sighted  the  sound,  and 
bis  negro  man  ploughing  in  a  field  had  done  the  same  from  a  difiereDt 
direction,  and  by  ranging  with  the  aid  of  these  intersecting  lines,  they 
the  next  morning  found  the  stone,  which  had  splintered  a  pine  log  lying 
on  the  ground ;  by  sounding  with  a  sharp  stick  in  the  hole  made  by 
the  stone  in  its  fall,  they  soon  found  it,  and  extricated  it  from  its  hiding 
place,  which  was  ten  inches  below  the  surface  ;  the  dried  leaves  which 
bad  been  "  driven  about  by  the  percussion,  aided  in  discovering  the 
spot,  about  three  hundred  yards  from  the  place  where  Mr.  Post  had 

♦  With  laudable  liberality  and  caution  joined,  the  worthy  proprietor  of  the  boon 
whidi  had  fallen  on  his  land — ^had  annexed  a  written  notice — **  Gentlemen,  sirs- 
please  not  to  break  this  roek,  whkh  feU  from  the  skies  and  weighs  19^  pounds. 

HmAM  Post.** 
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itood  at  the  mofnent  of  the  fall,  wbicb  waa  in  the  woods,  but  there  were 
DO  inarka  on  the  trees— -ahbough  the  impression  was  that  numerous 
smaU  bodies  had  fallen^  '^  making  a  noise  like  hot  rocks  thrown  into 
water." 

Mr.  Gibbon  and  his  companion  viewed  the  place  both  by  torch  and 
ci^ylight,  and  were  convinced  of  the  accuracy  of  the  statement 

The  people  of  the  vicinity  imagined  that  a  rock  had  been  thrown  up 
from  a  volcano  or  from  blasting,  or  had  come  from  the  moon,  and 
were  not  easily  persuaded  that  it  could  be  formed  in  the  atmosphere. 

As  is  usual  in  cases  of  extraordinary  celestial  phenomena,  some 
were  terrified  by  the  supposed  approach  of  the  day  of  judgment,  or  of 
war,  or  some  other  dire  calamity,  and  a  militia  colonel,  in  a  spirit  quite 
professiooal,  said  that  *^  there  must  be  war  in  heaven,  for  they  were 
throwing  rocks." 

At  the  request  of  Dr.  Andrews,  the  stone  was  diverted  from  another 
destination,  in  favor  of  Prof.  Charles  U.  8hepard,  of  the  Medical  Col« 
lege  of  South  Carolina  at  Charleston — from  whom  we  learn  that  at  a 
recent  date  the  specimen  had  not  yet  reached  him. 

Id  due  time  we  shall  have  the  result  of  his  scientific  examination  ; 
bot  from  the  circumstances  we  have  no  hesitation  in  admitting  this  case 
as  genuine :  the  facts  are  perfectly  familiar  to  hundreds  on  record,  and 
ID  R»ny  particulars  are  in  accordance  with  the  remarkable  event  (^ 
this  nature  which  happened  in  Weston,  Connecticut,  in  December, 
1807,  and  with  which  the  senior  editor  of  this  Journal,  with  his  college 
colieague.  Prof.  Kingsley,  was  at  the  time  familiar.  There  is  no  room 
to  discuss  theories,  but  we  feel  fully  assured  that  aerolites  are  not  formed 
io  our  atmosphere,  are  not  projected  from  terrestrial  or  lunar  voice- 
Does,  but  have  a  foreign  origin,  giving  us  the  only  reports  of  the  phys- 
ical coasiitution  of  oc&r  worlds  which  have  ever  reached  our  earth. 

By  an  additional  communication  from  J.  H.  Gibbon,  £sq.,  dated  No* 
Tember  29,  1849,  it  is  rendered  probable,  that  ^^  luminous  materials 
were  seen  advancing  from  several  points  in  the  atmosphere  towards  a 
common  centre,  where  a  solid  mass  of  heated  metal  (materials)  ex- 
ploded and  was  violently  projected  in  different  directions  to  the  earth." 

It  is  stated  also  that  there  was  a  distinct  appearance  of  a  single  fiery 
elongated  body,  like  iron  advanced  to  a  white  heat,  sparkling  in  its 
passage  from  west  to  east,  rising  like  a  rocket  but  not  vertically,  and 
pessiDg  through  the  air  with  a  long  white  streak  or  tail  following  a 
deoaer  body  in  the  form  of  a  ball  of  fire.* 

Still  it  is  to  be  observed  that  neither  the  fire  ball  nor  any  light  was 
seen  by  many  who  heard  the  successive  reports  and  the  fall  of  the 
siooes,  and  the  rumbling  ^'like  loaded  wagons  jolting  down  a  rocky 
bilU^'t  but  this  is  no  way  extraordinary,  as  it  was  day  time,  with  a 
clear  sky,  and  those  only  would  see  the  fire  ball  who  were  looking  in 
the  proper  direction  at  the  time  '^when  it  was  in  its  most  ardent 
aute."    At  the  explosion,  the  meteor  was  about  45^  high. 

*  *The  true  ibmin^  nrord  of  antiquity.** 

t  Thii  WBB  the  very  compAnsoti  used  at  Weston,  in  l>ecemher,  1807,  by  the  peo- 
ple there,  in  deKribin^  a  portion  of  the  reports  heard  on  that  occasion. 
SjEcx>2n)  Smxs»  Vol  IX,  No.  26.— Jan^  1860.  19 
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The  estimation  of  time  between  the  disappearance  of  the  light  and 
the  arrival  of  the  sound  was  very  different,  as  made  by  different  per- 
sons, at  several  minutes,  even  as  high  as  five.  The  iaiter  supposition 
would  make  the  meteor  almost  extra*atmospheric,  but  doubiless  the 
period  of  five  minutes  is  much  too  high,  and  we  infer  that  the  meteor, 
like  that  at  Weston,  was  fully  within  the  atmosphere,  and  probably  not 
over  fifteen  or  twenty  miles  from  the  earth  when  it  exploded.  It  was 
seen  through  250  miles  from  the  line  of  Virginia,  to  Sumpter  district 
in  South  Carolina,  and  from  east  to  west  it  was  seen  through  siicty 
miles. 

2.  Further  Contrihutums  to  Anemonieiry ;  by  Prof.  Phillips,  (Proc. 
Brit.  Assoc.,  in  Athen.,  No.  1145.) — Referring  to  his  former  reports  on 
this  subject  [see  Ath.,  No.  987,  p.  994,  and  No.  1088,  p.  887],  the  nu- 
thor  said  that  his  researches  into  the  force  and  velocity  of  wind  have 
been  directed  to  the  completion  of  a  method  of  wind  registration  which 
should  be  independent  of  mechanical  movements,  momentum  and  fric- 
tion. He  wished  to  register  the  wind  by  one  of  the  effects  of  the  dis- 
placement of  its  molecules,  not  the  movement  of  its  mass.  For  this 
purpose  only  one  method  has  occurred  to  him  as  sufiiciently  applicable, 
viz.,  the  evaporation  of  a  liquid.  He  had  experimented  on  water,  sa- 
line solutions  and  alcoholic  mixtures,  and  he  found  reason  to  think  that 
with  either  of  these  liquids  an  instrument  really  indicating  the  move- 
ment of  wind  by  the  registration  of  the  evaporaiton  which  the  wind 
causes,  is  producible.  Such  an  instrument  need  occupy  but  a  very 
small  space,  and  will  have  the  desirable  quality  of  being  most  accurate 
in  those  very  low  velocities  of  wind  which  elude  entirely  Lindas  Ane- 
mometer and  are  scarcely  sensible  by  any  registering  machinery.  It 
will  be  remembered  that  for  the  interpretation  of  the  register  of  evap- 
oration with  a  register  of  wind  velocity,  it  was  necessary  first  to  cor- 
rect for  the  hygrometric  state  of  the  air.  This  being  done,  the  cooling 
power  of  wind  was  found  by  experiment  to  be  nearly  as  the  square  root 
of  its  velocity.  In  this  experimental  result.  Prof.  Phillips  was  induced 
to  place  confidence,  because  it  app*)ared  to  represent  and  flow  naturally 
from  what  may  be  thought  the  true  physical  action  of  the  moving  air. 
Having  lately  had  occasion  to  examine  extensively  and  carefully  into  the 
amount  of  air  which  passes  (or  is  made  to  pass)  through  the  rarefied 
passages  of  collieries,  where  the  currents  are  sometimes  so  slow  that 
machine  anemometers  even  of  a  most  delicate  description  are  insensi- 
ble to  the  movements  of  the  air — where  even  the  miner's  candle  affords 
but  a  rude  guess,  and  where  the  situation  is  such  that  smoke  or  the 
powder-flask  cannot  be  appealed  to — he  was  happy,  to  find  that  the 
problem  was  perfectly  and  easily  solved  by  noting  the  cooling  power  of 
the  current.  For  this  purpose  a  registering  or  integrating  anemometer 
is  not  required.  The  currents  underground  are  steady,  and  required 
only  an  anemoscope  or  indicator  of  the  momentary  velocity.  Evapo- 
ration from  the  wet  bulb  may  therefore  be  abandoned  ;  the  common 
thermometer  with  its  bulb  clear  of  the  frame  will  answer  the  purpose 
of  experiment,  in  every  conceivable  instance.*  v 

♦  It  appears  from  Pro£  Forbes's  *  Report  on  Meteorology*  to  the  British  Associa- 
tion in  1882,  that  the  idea  of  employing  a  thermometer  for  indicating  the  velocity 
of  wind  waa  entertained  by  Prof  L^ie. 
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3.  Discovery  of  another  huge  reptile  by  Dr.  MantelL — Dr.  Mimtill 
has  added  to  his  interesting  discoveries  of  fossil  lizards,  an  arna  bone 
or  humerus  fifty*four  inches  long.  '^  It  is  closely  allied  in  form  and 
proportion  to  the  humerus  of  a  crocodile.^*  Dr.  Mantell  has  sent  to 
the  Royal  Society  a  memoir  on  the  subject  of  this  new  species,  and 
it  will  probably  be  soon  published. 

4-  Colossal  Birds  of  New  Zeal^md,  (Lit.  Gaz.,  Nov.  17,  1849.)— 
The  splendid  collection  of  the  remains  of  these  gigantic  bipeds,  formed 
by  Mr.  Walter  Mantell  of  Wellington,  announced  a  few  weeks  since, 
has  arrived  in  safety,  and  contains  objects  as  marvellous  and  interesting 
as  the  one  previously  transmitted  by  the  sanne  enterprising  young  nat- 
uralist, and  which  is  now  in  the  British  Museum.  The  present  collec- 
tion consists  of  upwards  of  450  bones,  referable  to  several  genera  of 
birds.  One  series  is  in  the  same  condition  as  those  formerly  received 
by  Dr.  Mantell,  and  among  which  were  the  skulls  and  mandibles  and 
egg-shells  described  by  Prof.  Owen  in  the  Zoological  Transactions. 
These  are  from  the  west  shore  of  the  north  island,  and  were  dug  up 
from  a  bed  of  marl  and  volcanic  sand.  The  other  series  is  from  a 
tertiary  deposit,  on  the  coast  of  the  south  island,  at  a  place  called 
Waikonailu  These  bones  belong  principally  to  the  colossal  Dinornrs, 
the  D.  giganitus^  &c.  The  gems  of  this  collection  are  tvjo  entire  legs 
midfeet  (that  is,  the  tarso-metatarsal^  phalangeaJ^  and  ungueal  bones) 
of  the  same  individual,  which  were  found  erect,  about  a  yard  apart,  io 
the  very  position  in  which  they  were  when  the  bird  was  alive ;  the 
twelve  bones  of  each  foot,  together  with  the  tarsometatarsals  are  as 
fresh  and  perfect  as  if  inhumed  but  a  few  years.  Indications  of  winged 
birds,  of  genera,  and  probably  species,  still  indigenous  to  the  islands, 
are  among  these  treasures;  which  also  include  numerous  pleistocene 
(or  newer  tertiary)  shells,  and  specimens  of  rocks  and  minerals,  col« 
lected  by  Mr.  Walter  Mantell  during  his  late  journey  through  the  south 
island,  as  government  commissioner  for  the  purchase  and  allotment  of 
the  land  recently  obtained. 

5.  Cabinet  of  Geology  and  Mineralogy  for  sale. — The  cabinet  of 
the  late  Lardner  Vanuxem  of  Bristol,  Pa.,  is  offered  for  sale.  The  cab- 
inet consists  of  a  very  good  collection  in  mineralogy,  European  and 
American  ;  and  a  geological  collection  embracing  a  very  complete 
series  of  all  the  American  formations,  with  large  numbers  of  the  char« 
acteristic  fossils  of  the  palseozoic  and  cretaceous  periods ;  the  whole 
very  completely  arranged,  with  labels  of  localities,  sections  illustrating 
relative  position,  &c.  This  collection,  for  teaching  the  geology  and 
palaeontology  of  the  United  Slates,  is  superior  to  any  other  collection 
which  can  be  procured  at  the  present  time.  For  more  particular 
information,  address  James  Hall,  Albany,  N.  Y. 

6.  Correction. — In  the  notice  of  Capt.  Cullum's  work  on  Military 
Bridges,  it  is  stated  that  the  work  was  published  by  the  ^^  Engineer  De- 
partment'' of  government.  There  are  strictly  two  Engineer  Bureaus, 
and  that  which  receives  the  general  title,  is  the  Bureau  of  the  Engineers 
of  Fortifications.  The  other,  the  Bureau  of  Topographical  Engineers, 
has  in  charge  a  series  of  publications,  No.  4  of  which  is  Capt.  Cullum's 
able  work. 
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VI.  Bibliography. 

1.  EtMicIier^  Generum  Plantarum  Supplementum  Quariwn :  Part 
IL  Vienna,  1847. — This  second  part  of  the  4th  supplement  was  made 
to  anticipate  the  first,  which,  we  believe,  remained  unpublished  at  (he 
untimely  death  of  the  accomplished  £ndlicher,  in  March  last.  Begio- 
ning  with  the  Coniferce,  which  the  author  had  recently  made  (be  subject 
of  a  special  study,  the  present  fasciculus  goes  on  through  the  Exoge- 
nous  Apetalous  orders  only.  Under  several  of  the  orders,  such  as  the 
Betulacea^  Cupidi^era,  Folygonea^  DaphnoideiE^  and  Proteaetc^  a 
complete  systematic  enumeration  of  species  is  given.  A.  Gr. 

2.  Endliclier^  Synopfds  Coniferarum.  Saint  Gall.  1647.  8vo.  pp. 
868. — ^This  interesting  monograph  of  a  small,  but  most  important  fam- 
ily  or  class  of  trees,  bears  the  marks  of  the  vast  learning  and  untiring 
industry  of  its  lamented  author.  It  treats,  1st,  the  CupreMsinea^  which 
are  divided  into  five  groups.  A  genus  Lihoetdruty  is  established  for 
one  New  Zealandian  and  two  Chilian  trees,  formerly  referred  to  Thuja ; 
and  Biota^  a  section  of  Thuja  of  Donn  is  raised  to  the  rank  of  a  genus, 
including  the  oriental  Thuja  orientalis,  L.,  and  T.  peodula,  Lamh, 
Thuja  proper  is  thus  left  as  a  N.  American  genus,  including  T.  occi« 
dentalis,  L.,  T.  plicata,  DonUy  and  T.  gigantea,  NulL  Spacb^s  genus 
CkanuBcyparis  (Chamse pence,  Zucc.^  Retinospora,  Sieb.  and  Zuec.)  is 
adopted  for  our  Cupressus  thyoides,  the  C.  Nutltatensis  of  Oregon,  and 
the  Mexican  C.  thurliera,  wkh  three  Japanese  species,  which  form  a 
aeparate  section.  In  Taxodium^  T.  microphyllum,  Brongn,^  and  T. 
adiscendens,  Brongn,^  are  kept  as  specifically  distinct  from  T.  distichum. 
The  genus  Glyptostrohus  is  established  for  the  Chinese  Taxodiuro  Si- 
nense  or  Thuja  pensilis.  Lamb,  The  dubious  evergreen  species  of 
Taxodiura,  of  Western  N.  America,  no  longer  find  a  place  even  among 
the  Ciipressinece,  but  are  removed  to  the  Cunninghamieffi  in  Abietinese, 
where  the  author  has  established  for  them  a  genus,  under  the  uncouth 
and  unexplained  name  of  Sequoia^  S.  sempervirens,  £nd/.=Taxodium 
sempervirens.  Lamb,  Pin,  t.  64.  S.  gigantea,  EndL^i^T.  sempervirens. 
Hook,  Sf  Am,,,  Hook.  Ic,  PL  L  379.  Much  still  remains  to  be  nuule 
known  in  respect  to  these  two  interesting  trees.  It  is  to  be  hoped  that 
Dr.  Torrey  will  illustrate  them  from  materials  which  have  been  sup- 
plied to  him  by  Col.  Fremont.  The  true  Abietinese  are  all  resolved 
into  the  old  Linneean  genus  Pinus,  which  Endlicher  arranges  under  the 
aections : — 

A.  Sapinus. 

(1.)  Tsuga^  which  includes  the  Japanese  Pinus  Tsiiga,  the  Himala- 
yan P.  Brunoniana,  our  Hemlock  Spruce  (P.  Canadensis),  and  the 
Oregon  P.  Douglasii. 

(2.)  Abies^  comprising  our  two  species  of  Balsam  Fir,  five  Oregon 
and  Californian,  two  Mexican,  five  European  and  Caucasian,  two  Him- 
alayan, and  three  Japanese  species. 

(3.)  Piceay  including  our  White,  Black  and  Red  Spruce  (the  latter 
etill  maintained  as  a  species),  two  from  our  North  West  Coast,  the  Nor- 
way Spruce  of  Europe,  one  Oriental,  two  Siberian,  one  Himalayan, 
and  two  Japanese  species. 

(4.)  Larix^  comprising  one  European,  two  Siberian,  one  Japanese, 
and  two  North  American  Larches,  one  of  the  latter  very  doubtful. 
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(5.)  Cedrus^  the  Cedar  of  Lebaoon,  and  the  Deodar  of  Nepal  and 
Thibet 

B.  PlNUS. 

(6.)  Cemhra^  embracing  the  P.  Cembra  of  Europe  and  Siberia, 
P.  Pence  of  Rumelia,  with  P.  sparsiflora  and  P.  Koraiensis  of  Japan, 
the  Kurile  Islands,  and  Kamtschatka. 

(7.)  Slroims^  for  our  White  Pine,  the  allied  Lambe4't  Pine  and  P.  mon- 
ticola,  of  Oregon  and  the  Rocky  Mountains,  a  Mexican  species,  and 
the  P.  excelsa  of  Himalaya. 

(8.)  PseudO'Strobus^  for  fifteen  Mexican  or  Central  American  species, 
of  which  P.  Montezumse  is  an  example. 

(9.)  Tceda^  comprising  our  Long-leafed,  Loblolly,  and  Pitch  Pines, 
eight  Oregon  and  Catifornian,  two  Mexican,  two  Chinese,  two  Himala- 
yan, one  Philippine,  and  one  Persian  species. 

(10.)  Pin<w/er,  comprising  the  P.  Pinaster  and  eight  other  European 
and  North  Asiatic  species,  two  Chino-Japanese,  and  one  Sumatran  spe- 
cies, with  one  from  N.  W.  America,  and  six  natives  of  Eastern  North 
America.  ^ 

(U.)  Pinea,  comprising  the  Stone  Pine  of  the  Mediterranean  region, 
the  Mexican  P.  cembroides,  and  the  Californian  P.  Fremontiana,  EndL^ 
which  is  Dr.  Torrey^s  P.  monophyllus,  Endlicher  having  unjustifiably 
changed  the  specific  name  on  tlie  assumption  that  each  leaf  consists  of 
a  pair  united. 

The  PodocarpecB^  <fec.,  having  no  representations  in  our  part  of  the 
world,  need  not  be  here  enumerated. 

Of  the  TaxinecB^  we  have  representations  of  two  out  of  the  five  gen- 
era, namely,  Torreya  (of  which  the  writer  in  1839  had  occasion  to 
point  out  the  original  specimens  of  Taxus  nuciferaj,  Kampfer^  as  be- 
longing to  a  second  species  of  the  genus)  and  Taxus,  One  Yew  be- 
k>ngs  to  Europe  and  Caucasus,  one  to  the  Himalayas,  one  to  Japan, 
one  to  Mexico,  and  one  to  North  America. 

Of  the  Gnetacese,  one  genus,  Ephedra^  has  a  representative  in  West- 
ern N.  America. 

Our  geologists  will  be  pleased  to  know  that  the  latter  part  of  this 
volume  is  occupied  by  a  complete  synopsis  of  fossil  Coniferee. 

A.  Gr. 

3.  Contributions  to  the  History  of  British  Fossil  Mammals  (first 
series) ;  by  Richard  Owen,  F.R.S.,  &c.  London,  1848. — This  me- 
moir is  one  of  the  many  evidences  which  have  been  presented  within 
a  short  period  to  the  scientific  world,  of  the  great  activity  with  which 
the  labors  of  the  most  eminent  of  English  naturalists  are  pursued.  It 
comprises  a  description  of  the  remains  of  several  genera  of  extinct 
animals,  under  the  following  heads.  I.  Description  of  the  teeth  of  a 
Palssotherium.  II,  III,  IV.  On  the  teeth  and  cranium  of  the  Paloplo- 
tberium.  V.  On  the  dentition  of  Dichodon  cuspidatus.  VI.  On  Mega- 
ceros  Hibernicus  and  Castor  Europseus.  Vll.  On  the  genus  Hyopota- 
mus,  and  the  species  H.  vectianus  and  H.  bovinus,  with  remarks  on  the 
classification  of  the  Ungulata. 

The  systematic  zoologist  will  be  most  interested  in  the  last  of  these, 
which  presents  an  important  modification  of  the  classification  of 
Pachyderms  and  Ruminants,  by  which  the  natural  afllinities  of  the 
members  of  these  groops  are  more  perfectly  preserved  than  by  the 

Digitized  by  CaOOQ IC 


150 


Bibliography. 


classification  adopted  by  Cuvier  in  the  Aninnal  Kingdom,  or  by  that  of 
any  succeeding  naturalist.  The  basis  of  this  change,  however,  is  de- 
rived  from  Cuvier  himself  The  group  of  Ruminants  has  been  re- 
garded as  quite  distinct,  and  characterized  by  the  absence  of  incisors 
in  the  upper  jaw,  by  the  absence  of  canines,  by  their  complex  stom- 
achs, and  by  the  single  metatarsal  and  metacarpal  bones.  These  are 
characteristic  marks  of  a  large  portion  of  the  group  ;  but  there  are  a 
few  genera  which  approximate  more  or  less  to  that  portion  of  the  Pachy- 
derms which,  like  themselves,  have  their  toes  in  even  numbers.  The 
camel  has  incisive  teeth  in  the  upper  jaw,  and  like  the  musks  and  munt- 
jacs,  has  canines.  In  the  Moschus  aquaticus  and  the  Anoplotherium, 
the  metatarsus  is  double,  and  in  all  the  musks  it  presents  indications  in 
the  adult  of  former  separation,  and  subsequent  fusion.  If  to  this  state- 
ment we  add  the  facts  derived  from  embryology,  showing  that,  in  all 
Ruminants  so  far  as  examined,  the  metatarsal  bones  are  at  some  period 
distinct,  also  the  discovery  of  Mr.  Groodsir,  that  in  one  species,  incisors 
exist  in  a  rudimentary  condition,  and  of  Prof.  Owen,  that  it  has  an  an* 
terFor  premolar  which  does  not  appear  in  the  adult,  we  shall  have 
abundant  evidence  that  ^*  no  very  well  defined  line  of  separation  exists 
between  the  Ruminants  and  Pachyderms.  In  all  the  members  of  the 
last  group  whose  toes  are  in  even  numbers  the  stomach  is  more  or  less 
complex,  while  in  the  Musks  the  third  stomach,  the  psalterium^  or 
maniplies  is  deficient,  and  this  is  the  last  portion  of  the  stomach  devel- 
oped in  the  typical  ruminants.  In  view  of  these  and  other  considera- 
tions. Prof  Owen  adopts  the  Linnaean  ordinal  term  Ungulata,  which 
includes  the  Ruminants  and  Pachyderms.  These  he  arranges  in  two 
principal  groups,  adopting  a  method  which  Cuvier  had  foreshadowed, 
based  upon  the  odd  and  even  number  of  toes  of  the  hind  foot.  This 
will  place  all  the  animals  with  complex  stomachs  in  one  (the  even-toed) 
group,  and  those  with  simple  stomachs  in  another  (the  odd-toed)  group. 

Order  UNGULATA. 


Ruminating. 


ARTIO-DACTYLA. 

(Number  of  loes  even. 
Cumplex  sioinachs.) 

'Anoplotherium, 
Moschus, 
Antilope, 
Bos, 
Uvis, 
Cervus, 
Camelopardalis,  &c. 


PERISSO-DACTYLA. 

(Number  of  tnea  odd. 
Simple  stoinacha.) 

Palseotherium. 
Tapirus. 
Equus. 
Rhinoceros,  &c. 


Non-ruminating. 


(  Hipp 
<  Dicoi 
(  Sus,  < 


PROBOSCIDIA. 

Mastodon. 
Elephas. 


Hippopotamus, 
~)icoiyles. 

We  cannot  close  this  notice  without  quoting  the  following  paragraph, 
the  justice  of  which  all  who  have  noticed  the  course  of  Cuvier^s  suc- 
cessor in  the  chair  of  comparative  anatomy,  will  unhesitatingly  ac- 
knowledge. In  speaking  of  one  of  the  illustrations  of  the  correlation 
of  parts  discovered  by  Cuvier,  but  which  Blainville  did  not  have  the 
honor  to  acknowledge,  Prof  Owen  says :  "  in  a  work  of  high  merit  but 
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the  tooe  of  which,  towards  the  memory  and  discoveries  of  Cuvier 
every  lover  of  science  must  deplore,  we  look  in  vain  for  any  acknowU 
edgment  for  the  source  of  the  beautiful  generalization  of  the  relation 
of  the  particular  forms  of  the  astragalus,  to  the  parity  or  imparity  of 
the  hinder,  digits,  or  any  ascription  of  the  credit  due  to  a  prevision, 
which  it  had  been  the  good  fortune  of  the  author  of  the  '  Osteographie' 
to  verify/'  M.  de  Blainville  both  in  his  published  works  and  public 
lectures,  has  not  only  treated  the  memory  of  Cuvier  with  neglect,  but 
seems  to  have  been  actuated  by  a  worse  spirit  than  that  of  indiflference. 

J.  W. 

4.  Iconographic  Encyclopadia ;  by  C.  Heck,  translated  and  edited  by 
Prof.  S.  F.  Baird,  of  Dickinson  College,  Pa.  Part  3. — Rudolph  Garrigue, 
New  York. — The  plan  and  character  of  this  work  were  mentioned  with 
some  detail  in  our  last.  Part  third,  sustains  all  that  we  observed  with 
regard  to  the  elegant  character  of  the  engravings  and  their  finished 
accuracy  and  fullness  of  detail.  The  plates  of  this  part  illustrate  Ge- 
ology, Physical  Geography  and  Botany.  The  principles  of  geology 
are  well  brought  out  by  drawings  that  speak  to  the  eye.  Strati^cation, 
horizontal  and  disturbed,  and  structure  of  various  kinds,  are  illustrated 
on  plates  43  and  46;  volcanoes  are  the  subject  of  many  excellent 
sketches  on  plates  44,  45;  and  their  geographical  distribution  on  these 
and  other  plates,  a  complete  mercator's  chart  of  the  world  being  given 
00  a  small  scale  on  plate  47;  mountains,  waterfalls,  caverns,  and  scen- 
ery of  difierent  latitudes  are  presented  on  other  plates — not  a  mere 
bald  outline,  but  in  pleasing  landscapes  and  scenes,  executed  in  the 
best  style  of  the  art.  The  botanical  department  is  illustrated  with  like 
beauty  and  fullness.  On  plate  55,  we  recognize  the  magnificent  sketch 
of  a  species  of  Banyan,  from  the  Narrative  of  the  Exploring  Expedi- 
tion  by  Captain  Wilkes,  volume  v,  p.  26 ;  on  plate  56,  a  Palm  grove  on 
the  bland  of  Fakaafo,  from  the  same  volume,  p.  14,  though  with  some 
added  shrubs  and  trees  that  are  never  found  on  Coral  Islands  ;  on  plate 
47,  a  view  of  the  Antarctic  continent  from  amid  the  icebergs,  from  the 
same  work,  volume  ii,  p.  325,  besides  reduced  copies  of  the  sketches  of 
some  of  the  craters  of  the  Sandwich  Islands,  from  volume  4,  of  Cap* 
uin  Wilkes's  Narmtive. 

5.  The  AslronomicalJoumal^  edited  by  Benjamin  Apthorp  Gould, 
Jr. — No.  1,  of  the  Astronomical  Journal,  announced  in  our  last,  was 
issued  on  the  2nd  of  November  last.  It  appears  in  a  large  4to  form. 
This  number  is  occupied  with  a  memoir  by  Prof.  Peirce  on  the  Devel- 
opment of  the  Perturbalive  function  of  Planetary  Motion.  No.  2,  which 
has  just  been  issued,  contains : — Zodiac  of  Hygea,  by  Prof.  J.  S.  Hub- 
bard ;  on  the  orbit  of  the  Great  Comet  of  1843,  by  the  same ;  on  the 
velocity  of  the  Electrical  Wave  or  current  through  a  metallic  circuit 
by  O.  M.  Mitchell. 

6.  Foster's  Complete  Geological  CkarL — A  large  geological  chart 
under  this  title,  some  six  feet  or  more  square,  largely  lettered  and  well 
varnished,  has  recently  been  seen  by  us.  It  emanates  from  Albany, 
N.  Y.,  and  appears  to  have  been  intended  to  illustrate  geology  to  the 
schools  of  that  state.  Strange  to  say,  there  is  not  one  word  of  New 
York  geology  to  be  detected  in  it,  and  not  even  a  hint  with  regard  to 
American  rocks.  With  some  truth  (in  lineat  descent  from  a  well 
known  French  chart),  it  combines  much  that  was  formerly  supposed  to 
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be  true,  with  much  that  is  now  known  to  be  false,  and  is  a  caricature 
of  geological  science  though  pretending  to  be  made  up  from  the  best 
authorities.  It  abounds  in  bad  orthography,  and  includes  names  of 
French  origin  that  are  not  found  in  English  or  American  works.  High 
up  in  one  corner  stands  the  funniest  sort  of  volcano  spitting  red  streaicfl 
of  fire,  down  wlK>se  sides  are  pieces  of  bitumen  in  squirming  shapes, 
following  one  another  in  parallel  lines  from  top  to  bottom — a  locality 
for  bitumen  not  hitherto  known.  The  whole  thing  is  below  criticism, 
and  however  altered  or  improved,  its  adoption  would  be  a  disgrace  to 
a  state  that  stands  so  high  for  its  geological  researches. 

7.  American  Almanac  and  Repository  of  Useful  Knowledge^  for 
the  year  1850. — This  periodical  sustains  its  high  character  for  fullness 
of  statistical  details  and  thorough  science.  The  number  for  1850  cod- 
tains,  besides  its  usual  range  of  information,  an  article  by  Prof.  Lover- 
ing,  on  Melloni^s  researches  in  Radiant  Heat. 

6.  A.  Mantell,  Esq.,  F.R.S.,  «fec. — Observations  on  the  04eology  of  the  Igaano- 
don  and  Hylfflosaurus ;  36  pp.  4to,  with  7  plates,  from  the  PhiL  Trans,  for  1849. 

Proceedings  of  the  American  Philosophical  Society,  No.  48,  vol.  v,  April  to 
September,  1849. — p.  84,  Gold  in  Maryland. — p.  91,  Footmarks  near  Pottsville,  Pa.; 
/.  i>a. — New  analog  in  relation  to  tne  perioas  of  rotation  of  the  primary  planets 
discovered  by  J).  Kirkwood. 

Proceedings  of  the  Academy  of  Natural  Sciences  of  Philadelphia,  1849,  toL 
iv,  June,  p.  180.  Tapirus  Americanus  fossilis ;  /.  Leidy. — Jw/.v,  p.  184,  Eryx  macula- 
tus;  E.  nallotPflL — Chemical  analysL<«  of  a  calculus  of  a  Whale;  W.  Keller. — ^w 
gusty  p.  194,  A  new  Cecidomyia;  M.  H.  Morris. — The  Driver  Ants  of  Western  Af- 
rica; T.  8.  Savage. — p.  200,  Identity  of  Anomma  with  Dorylus. — p.  208,  New 
Hymenoptera  of  the  genera  Ampulex,  Sigalphus,  Chelonus  and  Dorylus ;  S.  S,  Hal- 
deman. — September,  p.  210,  On  the  Wheat  Midge;  J.  W.Dawson. — ^p.  211,  Spe- 
cies of  Termitid«e  of  West  Africa ;  T.  S.  Savage. — Size  of  the  Brain  in  aifferent  races 
of  men;  8.  G.  Morton. — October,  p.  225,  Enterobrus  and  other  new  genera  of  Eki- 
tophyta,  with  description  of  species  parasitic  in  Articulata,  <fec,  with  new  Entozoa ; 
J.  Leidy. — On  the  odoriferous  glands  of  the  Invertebrata ;  /.  Zjei<fy. — October,  p.  286, 
New  species  of  birds  of  the  Family  of  Caprimulgidie  ;  /.  Cassin. 

Alfred  Smee,  F.RJS  :  Elements  of  Electro-biology,  or  the  voltaic  mechanism  of 
man.     184  pp.  8vo.     London,  1849. 

Uebersicht  dkr  Arbeiten  und  Verandeningen  der  Schlesischen  Gesellschaft  fflr 
▼aterlandische  Kultur  in  Jahre,  1847 ;  mit  6  Tafeln,  400  pp.  4to.  Abbildungeo. 
Breslau.    1848. 

Uranus  ;  Synclironisch  geordnete  Ephemeride  aller  Himmelscrscheinungen  dea 
Jahres  1849,  erstes  und  zweites  Quartal,  zunachst  berechnet  fiir  den  Horizont  der 
Stem warte  zu  Breslau ;  Vierter  Jahrgang.     8vo.    Breslau,  1849. 

Annuaire  MAONiTiQUE  ct  M^t^orologiquc  du  Corps  des  ingenieurs  des  Mines, 
published  by  order  of  His  Majestv,  Emperor  Nicholas  I,  under  the  auspices  of  his 
excellency.  M.  de  Wrontchenko,  Ministre  des  finances  et  Chef  des  ingenieur  des 
mmes,  by  A.  T.  Kupffer.  Annee,  1845,  St.  Petersburg,  1848.  1000  pp.  4to,  with 
numerous  plates. 

Bb8Um£s  des  Observations  M^t^orologiques  faites  dans  V^tendue  de  L'  Ehnpire 
de  Bussie;  par  A.  T.  Kupffer.     ler  Cahier,  4to,  St  Petersburg,  1846. 

Annales  des  Sciences  Naturelles,  MARCH,  1849. — Researches  on  Annelida 
(Helminthidie) ;  K  Blanchard — On  Ferns;  A.  Wigand — On  the  genera  Quiina and 
Poraqueiba;  L.  R.  Tulatne. — Conspectus  generis  Hapophyllum ;  KSpach, — APRIL. 
On  Helminthidffl,  continued ;  E.  Blanchard. — Embryology  of  Teredo ;  A.  de  Quatre- 
fages, — Three  species  of  tlie  genus  Anthicus ;  Jj.  thtfour. — Note  on  Bupre«(ti8  pul- 
chra ;  L.  Dufour. — On  "  Polypiers,"  Fam.  Astraeidae ;  M.  Edwards  and  J.  Haime. — 
On  the  Cephkelis  ipecacuanha;  H.  A.  Weddrll. — On  the  genus  Ulex  and  a  new  spe- 
cies ;  J.  E.  PlancKon. — New  species  of  plants  from  the  Berlin  Garden ;  KuntJi. — 
Sixth  century  of  vascular  plants  ;  J.  Berkely  and  C.  Montagne. — Descriptions  of 
new  plmnta. 
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Ajrr.  XVIL — On  the  Phantaacope;  by  Prof.  J.  Locks.     (In  a 
Letter  to  the  Editors.) 

As  many  persons  find  it  difficult  if  not  impossible  to  converge 
the  optical  axes,  (or  in  common  phrase  to  look  "cross-eyed,")  ^r 
the  purpose  of  making  the  experiments  lately  described  by  me, 
under  the  head  of  "  binocular  vision,"  I  have  invented  an  instru- 
ment which  enables  all  persons  to  succeed  in  obtaining  the  chief 
results.  It  is  very  simple,  having  neither  lenses,  prisms  nor  reflec- 
tors, the  object  being  in  general  the  same  as  holding  the  finger  or 
other  object  near  the  eyes  and  concentrating  the  attention  upon 
it  for  the  purpose  of  optical  convergence. 

It  consists  of  a  flat  base-board  about  nine  by  eleven  inches, 
-with  an  upright  rod  at  one  end  bearing  two  sliding  sockets  to  be 
clamped  at  any  elevation  like  those  of  a  retort  stand,  or  adjusta- 
ble by  stiff  sliding  springs.  The  upper  socket  supports  horizon- 
tally a  small  vane  or  card,  having  a  slit  or  sight  hole  one  fourth 
of  an  inch  wide  and  three  inches  long  from  right  to  left.  This 
slit  has  its  middle  directly  over  the  center  of  the  base-board,  and 
is  intended  to  have  the  eyes  directly  over  it,  one  eye  at  one  end 
and  the  other  at  the  other ; — two  small  holes,  say  one  fourth  of  an 
inch,  occupying  the  place  of  the  ends  of  this  slit  would  answer, 
except  for  the  unequal  distances  between  the  eyes  of  different  ob- 
servers. The  k)wer  of  the  two  sockets  bears  horizontally  a  mova- 
ble screen  of  pasteboard  or  thin  wood,  having  a  slit  at  least  three 
inches  wide  from  left  to  right,  and  about  one  inch  in  the  other 
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direction,  with  its  center  also  perpendicular  over  the  center  of  the 
base-board.  This  screen  has  marked  vertically  across  its  middle 
an  index,  shown  by  two  arrows  in  the  figures  marked  I. 


TP 


R  Eye  screeiL — L  Index  screen. — B.  Base-board. 

EsperimerUs. — ^In  experimenting  with  the  Phantascope,  the 
operator  places  whatever  is  to  be  tried  upon  the  lower  tabular  base- 
board, looks  downward  through  the  upper  slit  and  slides  the 
screen  Up  or  down  until  he  attains  the  adjustment  required. 
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Exp.  1. — ^Let  there  be  two  identical  letters,  say  A,  placed  or 
drawn  on  the  base-board  abont  two  and  a  half  inches  apart 
from  left  to  right,  let  the  movable  screen  be  nearly  down,  and 
directing  the  eye  not  to  the  letters,  but  to  the  index,  draw  the 
sliding  screen  bearing  the  index  gradually  npward;  the  two 
letters  seen  indirectly,  will  appear  as  four ;  or  each  letter  will  be 
double  AA  AA ;  continuing  to  raise  the  screen  and  to  regard 
the  index,  the  double  images  will  recede  more  and  more  until 
their  position  will  be  thus    A  A    A  A ;   continuing 

still  to  raise  the  screen,  the  two  internal  images  approach  until 
they  are  optically  superimposed  and  coalesce  into  one,  thus ; 
AAA 

This  middle  or  superimposed  figure,  is  the  phantom  or  image 
where  there  is  really  no  object.  Cease  to  look  at  the  index  I, 
and  turn  the  attention  to  the  base-board  itself,  and  this  phantom 
figure  instantly  vanishes.  If  the  two  letters  be  placed  on  the  base* 
board  at  the  same  distance  as  the  eyes  are  apart,  say  two  and  a 
half  inches,  then  this  normal  position  of  the  screen  will  be  just 
half  way  between  the  eyes  and  the  base-board.  If  they  are  pla- 
ced further  apart,  the  screen  must  be  raised  higher;  the  distance 
firom  the  eyes  to  the  index  screen  being  in  all  cases,  to  the  dis- 
tance from  that  screen  to  the  base-board,  as  the  distance  between 
the  eyes  is  to  the  distance  between  the  objects  viewed.  In  the 
case  above,  the  phantom  image  is  formed  exactly  as  if  there  were 
a  letter  in  the  area  of  the  index  screen  of  half  the  size  of  the  prim- 
itive letters  on  the  base-board,  and  optically  the  letter  should  ap- 
pear then,  but  the  knowledge  of  the  observer  that  there  is  nothing 
at  that  place,  will  often  prevent  the  deception. 

Exp.  2. — Lay  upon  the  base  board  a  card  having  letters  or 
other  figures  which  are  identical  in  size  and  form  set  in  regular 
rows  and  at  equal  distances  all  over,  thus: 

A  A  A  A  A  A 
A  A  A  A  A  A 
A    A    A    A    A    A 

and  proceed  to  raise  the  screen  as  before ;  you  will  form  phantom 
images  as  before  between  each  of  these  figures,  or  possibly  you 
will  superimpose  the  first  object  upon  the  third,  when  you  will 
have,  not  a  single  phantom  but  a  whole  plane  of  them,  each  pair 
presenting  a  phantom  between.  This  phantom  surface  will  be 
likely  to  effect  a  complete  deception,  and  will  rise  from  the  base- 
board and  coincide  with  the  index  plane,  when  it  may  be  con- 
templated with  the  same  deliberation  and  ease  to  the  eyes,  as  if 
it  were  a  real  object.  This  would  be  sure  to  be  the  case  if  the 
index  plane  were  figured  over  in  the  same  manner,  but  with 
figures  properly  reduced  in  size. 
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Exp.  3. — Place  two  identical  pictures  of  tbe  some  flower  on 
the  base-board,  say  they  are  au  inch  in  diameter,  and  two  and  a 
half  inches  apart ;  place  also  on  the  edge  of  the  index  area,  a  pio^ 
tnre  of  a  small  flower  pot  or  vase,  with  flower  stems  as  an  index ; 
then  form  the  phantom  image  as  before,  and  the  flowers  will  ap- 
pear in  the  vase  so  long  as  you  contemplate  the  stems  at  the  in- 
dex screen,  but  the  moment  the  eyes  are  directed  to  the  flowers 
themselves,  the  phantom  vanishes. 

Exp,  4. — Let  one  of  the  above  flowers  be  red  and  the  other 
blue ;  the  phantom  will  be  purple.  Sometimes  however  it  will 
appear  nearly  red  and  then  again  blue.  This  and  some  other 
experiments,  convince  me  that  the  attention  of  the  mind  even 
when  we  are  looking  with  both  eyes,  is  often  directed  exclusively 
to  the  image  in  one  eye,  and  perhaps  after  that  tires,  the  image 
in  the  other  is  contemplated.  If  this  be  true,  then  the  two  eyes 
serve  in  the  first  place  to  fix  the  distance  of  an  object  by  the 
amount  of  convergence,  and  in  the  next  place  to  relieve  each 
other  by  turns. 

Exp,  5. — Let  there  be  a  horizontal  heavy  line  placed  to  the  left 
and  a  vertical  one  to  the  right  on  the  base-board,  thus :  —  |  , 
then  adjust  the  screen  and  superimpose  the  images  to  form  a 
phantom.  That  phantom  will  be  a  cross  and  the  whole  will  ap- 
pear thus :  —  -f-  I 

Exp.  6. — Do  the  same  with  any  other  parts  of  a  fi.gure  of 
which  one  shall  be  the  complement  of  the  other;  the  phantom 
will  be  the  complete  figure.  Thus  take  the  picture  of  a  person, 
cut  it  out  of  the  paper,  and  cutting  ofi'the  head,  place  the  body 
on  one  side  of  the  base-board,  and  the  head  upon  the  other,  the 
converged  phantom  will  be  the  complete  figure,  the  head  com- 
ing in  from  one  side  and  the  body  from  the  other.  It  is  per- 
haps unnecessary  to  say  that  each  part  must  be  placed  in  its  true 
elevation,  though  displaced  horizontally.  It  was  in  repeating  this 
experiment,  that  I  discovered  that  my  eyes  did  not  appear  to  be 
mates,  for  I  saw  the  body  clearly  but  the  head  obscurely.  After 
a  little  time  however,  these  conditions  interchanged,  and  I  saw 
the  head  clearly  and  the  body  obscurely.  Nor  did  I  seem  to 
have  any  voluntary  control  over  these  conditions,  but  my  eyes 
continued  to  relieve  guard  according  to  some  rale  of  their  own. 
This  is  rather  an  amusing  experiment :  the  figure  being  beheaded, 
the  phantom  ghost  appears  between  the  two  parts  of  the  body, 
and  from  a  little  unsteadiness  of  the  optical  convergence,  the 
ghost's  head  is  inclined  to  attitudinize,  and  will  sometimes  start 
oif  a  little  from  tbe  body,  and  in  returning,  will  go  a  little  too  far 
and  will  break  the  neck  in  the  opposite  direction.  If  the  head 
of  the  experimenter  be  a  little  inclined,  then  the  head  of  the 
phantom  will  come  on  too  high  or  too  low. 
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Exp.  7. — ^I  plaoed  a  card  having  two  perpendicular  parallel 
lines  about  two  inches  in  length  and  three  inches  apart.  Oa 
converging  them  in  an  attempt  at  superposition,  I  ibund  the  con- 
yeiged  lines  were  not  parallel  but  came  in  contact  at  the  upper 
end  first,  and  diverged  a  little  downward.  Standing  with  my 
head  erect,  I  repeated  this  experiment  by  converging  voluntarily 
and  without  the  aid  of  any  index,  the  parallel  sides  of  a  window ; 
the  same  want  of  parallelism  was  exhibited,  but  on  throwing  my 
head  backward  and  looking  horizontally  over  my  cheeks,  the  con- 
verged perpendiculars  coincided  throughout.  I  learned  by  this 
that  both  of  my  eyes  do  not  rotate  in  one  and  the  same  horizon- 
tal plane.  I  got  another  person  to  repeat  the  same  experiment, 
and  he  found  the  error  of  his  eyes  to  be  in  the  opposite  direction, 
the  convei^d  perpendiculars  meeting  first  at  the  bottoms.  This 
proves  a  moral  adage  to  be  physically  true,  ''we  don't  all  see 
alike.*' 

This  instrument  and  the  researches  into  binocular  vision,  serve 
to  extend  considerably  our  knowledge  of  the  anatomy  and  physi- 
ology of  vision,  nor  is  the  subject  by  any  means  exhausted.  I 
have  not  time  to  investigate  the  matter  fully,  and  shall  be  happy 
to  see  fair  and  honorable  competitors  enter  the  field.  The  verifi- 
cations and  variations  of  the  experiments  by  your  correspondent. 
Dr.  Lathrop,  were  gratifying  to  me. 

This  apparatus  will  illustrate  many  important  points  in  optics, 
and  especially  the  physiological  point  of  ''  single  vision  by  two 
eyes.''  It  shows  also  that  we  do  not  see  an  object  in  itself,  but 
the  mind  contemplates  an  image  on  the  retina,  and  always  asso* 
ciates  an  object  of  such  a  figure,  attitude,  distance,  and  color  as 
will  produce  that  image  by  rectilinear  pencils  of  light.  If  this 
image  on  the  retina  can  be  product  without  the  object,  as  in  the 
Pbantascope,  then  there  is  a  perfect  optical  illusion,  and  an  object 
is  seen  where  it  is  not.  Nay,  more,  the  mind  does  not  contem* 
plate  a  mere  luminous  image,  but  that  image  produces  an  un- 
known physiological  impression  on  the  brain.  It  follows  that  if 
the  nerves  can,  by  disease  or  by  the  force  of  imagination,  take  on 
this  action,  a  palpable  impression  is  made  without  either  object 
or  picture.  As  this  would  be  most  likely  to  occur  when  actucd 
objects  are  excluded,  as  in  the  night,  we  have  an  explanation  of 
the  scenery  of  dreams,  and  the  occasional  '*  apparitions"  to  waking 
persons.  The  murderer,  too,  has  a  picture  stamped  on  the  sen- 
sorium  by  the  sight  of  his  victim,  which  ever  wakes  into  vibra- 
tion when  actual  pictures  are  excluded  by  darkness. 
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Abt.  XFIII. — The  condition  of  Trap  dikes  in  New  Hampshire 
an  evidence  and  measure  of  Erosion  ;  by  Oliver  P.  Hdbbabd, 
M.D.,  Prof.  Chem.,  Min.  and  Geol.,  in  Dartmouth  College. 

In  New  Hampshire,  whose  geology  is  characterized  chiefly  by 
primary  rocks  and  metamorphic  slates — trap  dikes  are  exceed- 
ingly numerous,  and  they  have  an  evident  relation  both  in  posi- 
tion and  character  to  those  of  the  adjoining  states.  AnH)ng  them 
all,  none  have  yet  been  described,  (perhaps  not  observed,)  that 
are  eminent  at  all  above  the  rocks  enclosing  them ;  and  there  is 
ohly  one  place  where  the  bulk  and  prominence  of  the  trap  is  such 
as  to  indicate  a  center  of  elevation,  or  greater  resistance  to  ero- 
sion, than  in  the  adjacent  rock.  This  is  the  most  northern  of  the 
peaks  of  Ossipee  Mountain,  east  of  Lake  Winnipisiogee ;  it  is  de- 
scribed as  "an  isolated,  bare,  precipitous  range  of  bluish  green- 
stone rock,"  and  abundant  fragments  are  found  on  the  adjoining 
peak,  covering  the  gneiss.  From  this  point  as  a  center,  series  of 
dikes  seem  to  radiate  in  various  directions ;  one  group  east  of 
Red  Hill,  ranging  north  60^  or  70^  west,  and  varying  from  one 
to  three  or  four  feet  in  width ;  another  similar  one,  west  of  Red 
Hill,  near  Squam  lake,  from  one  inch  to  ten  feet  wide,  ranging 
cast  and  west.  "  These  dikes  are  distinctly  marked  over  the 
surface  of  the  granite  including  them.  They  have  been  worn  and 
polished  by  the  action  of  diluvial  currents,  so  that  a  level  and 
smooth  surface,  comprising  many  thousand  square  feet,  lies  en- 
tirely bare  of  soil."* 

In  volume  xxxiv.  of  this  Journal,  (p.  105,)  I  have  described  a 
number  of  trap  dikes,  presenting  the  same  relations  to  the  en- 
closing rock,  and  without  doubt  there  are  hundreds  of  instances 
of  the  kind  in  New  Hampshire  and  Vermont ;  and  they  are  found 
at  all  levels,  and  continuous  for  considerable  distances.  The 
present  condition  of  these  dikes  is,  obviously,  evidence  of  more 
or  leas  erosion.  I  propose  to  cite  in  this  paper,  examples  of  trap 
dikes  in  New  Hampshire  and  vicinity,  which  shall  show  how  far 
they  are  evidences  and  measures  of  erosion^  whether  ancient  or 
recent. 

The  trap  in  New  Hampshire  occurs  in  relation  to  the  surround- 
ing rocks  either — 1.  Worn  off  smooth  and  plane  with  the  adja- 
cent  rockj  whether  the  surface  be  horizontal  or  inclined — 2.  Be^ 
low  the  surface^  when  in  a  state  of  decomposition  and  forming,  it 
may  be,  the  channel  of  a  stream — 3.  Prominent  abovcj  as  at  the 
Peak  of  Ossipee,  and  when  forming  an  occasional  barrier  of  a 
stream,  where  the  surrounding  rock  has  been  removed. 

There  are  believed  to  be  very  few  instances  of  the  third  con- 
ditioiL    Bear  Camp  river  is  crossed  by  a  dike  one  to  two  feet 

*  Geology  of  New  Hampghire,  p.  72. 
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wide  which  formd  ft  barrier,  the  granite  having  decayed  away. 
There  may  possibly  be  an  instance  in  Red  Hill,  where  the  dike 
is  exposed  on  one  (the  lower?)  side  by  the  removal  of  the 
granite.* 

(a.)  Of  the  second  kind,  there  is  an  ezam{^  in  the  rear  off  the 
Willey  honse,  referred  to  by  Mr.  Lyell  in  his  second  tour,  and  de- 
scribed by  me  previously  in  volume  xxxiv.  of  this  Journal.  The 
trap  is  the  bed  of  a  snmll  mountain  torrent,  in  some  parts  decom- 
posing, in  others  very  hard.  This  dike  was  traced  this  season  by 
some  members  of  our  party ,^  along  a  continuous  and  deep  channel 
far  up  the  mountain,  and  it  is  there  found  to  divide  into  two  parts, 
which  again  meet  a  considerable  distance  above,  and  thus  enclose 
a  lai^e  elliptical  area.  This  area  is  distinctly  observable  from  the 
house  below,  as  it  is  fringed  with  a  vivid  green  of  deciduout 
shrubs,  which  mark  the  water  courses  in  the  mountains.  As 
there  must  have  been  a  time  whei»  the  channel  had  no  existence, 
and  the  trap  filled  it,  up  to  the  plane  of  the  mountain,  the  formar 
tion  of  the  water  course  may  fairly  be  attributed  to  the  decompo- 
sition of  the  dike,  and  the  dq)th  of  the  channel  is  evidently  a 
measure  of  the  erosion. 

(6.)  The  "Flume,"  in  the  "Pranconia  Notch,"  is  a  deep  chasm 
ten  to  sixteen  feet  wide,  "  having  mural  precipices  of  (very  hard) 
granite  on  each  side,"  forty  to  sixty  feet  high,  while  a  mountain 
torrent  rushes  through  it  at  high  water.  I  saw  it  last  June,  after 
a  severe  drought  of  some  weeks  ;  there  was  but  little  water,  and 
DO  difficulty  in  ascending  it  with  occasional  wading,  and  climb- 
ing over  the  large  angular  and  rounded  rocks  in  the  way.  The 
direction  of  the  channel  is  north  80^  east.  At  its  lower  end  on 
the  right  hand  is  a  trap  dike,  in  several  distinct  lines  each  a  few 
inches  wide,  mounting  high  in  curved  plates  in  the  side  of  the 
cliff;  farther  on  they  decline  and  coalesce  into  one  dike  twenty 
inches  wide,  which  passes  imder  the  water. 

The  dike  crosses  the  fissure  obliquely  at  about  N.  75^  R,  and 
is  seen  sonoe  rods  farther  up  the  stream  in  a  vertical  section  ex- 
tending to  the  top  of  the  opposite  bank. 

The  trap  where  constantly  wet  is  softened  and  decomposing, 
and  above  on  the  sides,  is  compact,  very  much  fissured  and  stained 
deep  with  oxyd  of  iron.  This  fissure,  like  the  former,  must  be 
admitted  to  have  been  filled  by  the  intrusion  of  trap,  and  to  have 
become  a  water  channel  by  the  removal  of  the  dike ;  the  chan- 
nel, therefore,  is  some  measure  of  the  erosion  of  the  trap  and  its 
rocky  enclosures  by  existing  agency. 

(c)  The  description  given  in  the  Geology  of  New  Hampshire 
of  the  beautiful  Dixville  Notch,  in  the  northern  part  of  the  state, 
suggests  similar  conclusions. 


♦  Am.  Jour.  ScL,  toL  xxxiv,  p.  118.  +  Ibid,  p.  111. 

X  Memben  of  the  Senior  Class  in  Dartmouth  College. 
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^'  The  mimmit  of  the  (new)  road  (pamog  ttmmgh  tbe  Notch 
to  Portland,  Blaine,)  is  835  feet  above  tbe  plain  of  Golebrook. 
The  direction  of  the  pass  ia  N.E.  and  S.W.,  and  it  is  walled  on 
both  sides  by  towering  ledges  and  pinnacles  of  mica  slate,  which 
atand  nearly  vertical,  dipping  to  the  N.W.  80^,  and  attain  an 
elevation  of  600  to  800  feet  from  the  road"— of  course  aboat 
1600  feet  above  Cdebrook ;  and  the  Notch  is  parallel  to  tbe  di- 
rection of  the  strata,  which  clearly  have  been  removed  on  this 
line.  Can  we  discover  any  disturbing  agency  or  predispoeing 
cause  for  this  depression,  from  the  summit  of  which  tbe  streams 
flow  either  way  into  the  Androscoggin  and  the  Ck>nnecticat? 
We  learn  that  ''  dikes  of  basaltiform  trap  intersect  the  strata  near 
tbe  middle  (summit  ?)  of  the  Notch,  and  large  loose  blocks  o(  it 
are  seen  in  abundance  on  its  northwest  side.  It  contains  very 
large  crystals  of  basaltic  hornblende  and  glassy  white  feldspar." 
The  course  of  these  dikes  is  not  given.  '^  On  the  north  side  of 
this  road,  forty  6r  fifty  rods  back  in  the  forest,  is  a  ravine  called 
*  the  Plume.'  It  was  formed  by  the  decay  of  a  large  trap  dike." 
'*  The  chasm  is  twenty  feet  deep  and  from  ten  to  twenty  feet 
wide,  and  is  the  channel  of  a  stream  of  water,  from  whence  it 
received  its  name.  The  trap  dike  runs  N.  30^  R,  and  S.  30^  W., 
and  is  six  feet  wide.  It  is  slightly  porphyritic  with  feldspar  crys- 
tals, and  is  of  a  dark  brown  color.  It  divides  into  large  cnbieal 
blocks  which  form  a  series  of  steps,  so  that  when  there  is  but 
little  water  a  person  may  walk  a  considerable  distance  up  the 
flume  upon  them.  The  principal  ledge  at  this  spot  is  granite, 
which  protrudes  through  the  mica  slate." 

Here  we  find  a  gorge  through  a  mica  slate  range  parallel  with 
its  direction  N.E.  and  S.W.,  the  slate  dipping  N.W.  80^,  inter- 
sected by  trap  dikes — and  near,  another  trap  dike  in  a  fissure, 
having  tbe  course  N.  30^  E.,  which  is  a  variation  of  only  1£P 
from  the  direction  of  the  Notch,  and  all  coincide  in  direction  with 
the  slate.  But  whether  the  different  dikes  are  connected  or  not, 
erosion  would  seem  to  be  indicated,  down  to  tbe  present  level  of 
the  dikes,  to  the  amoimt  of  800  feet 

{d. )  To  cite  one  more  case  where  the  agent  is  still  acting.  The 
Waterqueechy  river  at  Cliieechy  village,  (Hartford,  Vt.,)  makes  a 
high  fall  of  twenty  feet  over  a  dam  of  ten  feet,  and  its  rocky 
channel  and  sides  are  covered  with  pot-holes,  and  the  gravel  banks 
are  here  some  eighty  feet  above  with  several  terraces  extending 
down  a  mile  or  more,  where  tbe  narrow  valley  becomes  aeulde  sac 
from  which  the  water  could  not  have  escaped  before  the  present 
outlet  existed,  excqft  at  a  much  higher  level*    At  this  point  the 


♦  I  am  informed  by  the  Rev.  Mr.  Dudley  of  tbe  village,  that  between  the  gulf  and 
the  village  there  are  two  distinct  deserted  channels  parallel  to  the  present  ooe,  but 
much  higher,  where  in  all  probability,  the  river  once  ran. 
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rifer  enters  a  rocky  channel,  called  "  The  Gulf,"  at  a  large  angle 
with  its  previous  course,  and  runs  S.S.W.  with  a  rapid  descent  for 
oeariy  a  mile.  The  left  bank  (in  the  descent)  is  nearly  vertical, 
thongh  receding  at  top,  and  by  estimate  one  hundred  feet  high, 
and  the  opposite  bank,  with  various  irregularities,  is  in  part  and 
m  some  places  entirely  made  up  of  a  trap  dike  from  three  to  six 
and  ten  feet  thick,  whose  course  is  N.N.E.  and  dip  68^  south* 
easterly,  and  coincident  in  these  respects  taith  the  miea  slate  en- 
dosing  and  underlying  it  and  parallel  of  course  to  the  stream. 
It  has  here  and  there  been  crossed  by  the  stream  and  extensively 
removed  with  the  slate  below  it,  and  a  channel  has  been  made 
on  both  sides  which  is  filled  at  high  water ;  and  again  the  dike  is 
found  enclosing  the  slate  and  is  extremely  bard  and  compact 

Passing  off  at  right  angles  to  this  dike,  as  lateral  branches,  and 
eiossing  under  the  stream,  are  two  other  large  vertical  dikes  which 
are  very  distinctly  seen  in  section  in  the  perpendicular  wall  of  slate 
opposite,  and  they  may  be  traced  some  distance  easterly  from  the 
top  of  the  bank,  but  are  soon  concealed  by  gravel  and  soiL  One 
of  these  is  twelve  feet  wide^  of  light  blue  color,  and  beautifully 
amygdaloidal,  with  numerous  white  crystallized  balls. 

These  last  dikes  do  not  seem  to  have  been  injected  subsequently 
to  the  first,  but  are  so  blended  at  their  union' with  it,  as  to  leave 
BO  doubt  of  their  being  one  sjrstem,  and  a  part  of  the  trap  net- 
work which  extends  through  the  region. 

The  pot-holes  and  troughs  or  elliptical  holes,  are  very  numerous 
throughout  the  channel  as  may  be  seen  at  low  water,  and  they 
oecur  where  there  is  no  fall.  They  are  produced  by  the  action 
of  a  very  rapid  stream  over  an  irregular  surface.  There  can  hardly 
be  found  a  more  satis&ctorycase  of  erosion  by  existing  agencies. 
At  the  same  time  the  trap  dike^  whose  perpendicular  section 
measures  the  extent  of  the  specific  action,  indicate  in  their  easterly 
extension,  level  with  the  surface  of  the  enclosing  rock  of  the  bank 
above,  the  prevalence  of  earlier  and  more  general  superficial 
causes  of  denudation. 

(e.)  At  the  termination  of  the  Mass.  and  Yt.  Railroad  near  the 
Gonnecticut  river  bridge  at  Brattleboro,  Yt,  it  was  necessary  to 
rraiove  by  blasting  a  large  amount  of  slate  rock,  which  was 
graded  down  about  thirty  feet  to  the  level  of  the  track,  which  is 
about  thirty  feet  above  the  river.  The  whole  of  the  surface  of 
the  rock  laid  bare,  was  very  smooth,  and  worn  into  curves  and 
channels  and  then  scratched  every  where  with  strong  marks,  of 
varying  north  and  south  directions,  parallel  and  crossing  each 
other  in  groups.  In  this  bank  was  a  large  trap  dike  thirty  and 
more  feet  wide,  whose  surface  was  coincident  with  that  of  the 
slate  and  showed  the  same  marks,  continuous  from  one  to  the 
other. 

Skokd  SBBm,  ToL  IX,  No.  SS.— FeK,  1S60.  SI 
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The  direction  of  the  dike  k  about  N.N. E.  in  ^  line  with  the 
bridge  across  the  river,  and  it  is  quite  probable  the  dike  extends 
a  long  distance  either  way  and  was  once  a  barrier  to  the  river. 
The  Connecticut  river  is  here  bounded  on  the  east  hj  a  high 
rocky  mountain,  and  the  position  and  appearances  of  the  dike  io 
relation  to  the  river,  suggest  the  inference  that  the  removal  of  the 
trap  is  a  fair  measure  of  the  erosion  at  this  place,  and,  at  least  in 
part,  of  that  produced  by  the  action  of  the  river  (sixty  feet). 

A  small  stream  from  the  west  in  a  deep  rocky  channel  just 
north  of  the  bluff  removed,  seems  to  have  had  its  course  deflect* 
ed  so  as  to  empty  into  the  Connecticut  river  just  north  of  the  in- 
tersection of  the  latter  river  and  the  dike,  and  their  joint  force 
has  continued  to  reduce  the  level  of  the  latter  so  as  to  afford  the 
free  passage  of  the  river. 

(/.)  We  may  mention  here,  before  proceeding,  a  few  facts 
brought  to  light  by  the  different  railroad  surveys  in  New  Hamp- 
shire and  Vermont.  The  Rutland  and  Burlington  Railroad  crosses 
the  Green  Mountains  at  Mount  Holly  gap,  at  a  level  of  1350  feet 
above  the  Connecticut  river.*  In  this  place  a  cut  was  made 
through  a  muck  swamp,  which  exhumed  some  remarkable  ele- 
phantine remains.!  The  White  Mountain  Railroad  survey  from 
the  Connecticut  up  the  Anmionoosuck,  passes  the  summit  in  or 
near  Whitefield,  at  six  hundred  and  fifty  feet  above  the  Connecti- 
cut, and  this  within  twelve  miles  of  Fabyan's  in  the  White  Moun- 
tains. The  Passumpsic  Railroad  overcomes  the  summit  in  Sutton 
at  about  nine  hundred  feet  above  the  Connecticut  at  West  Leba^ 
non.  The  Central  Railroad  of  Vermont  passes  the  summit  be- 
tween the  White  and  Winooski  rivers  near  Montpelier,  nine  hun- 
dred and  thirty  feet  above  the  Connecticut  at  West  Lebanon. 
The  Northern  Railroad  from  Concord,  New  Hampshire,  to  the 
Connecticut,  passes  the  summit  between  the  Merrimack  and  Con- 
necticut vaUe3rs,  in  Orange,  with  high  grades  of  52*80  feet  in  a 
mile  on  both  sides,  at  an  elevation  of  eight  hundred  and  thirty 
feet  above  the  Merrimack  at  Concord,  and  only  six  hundred  and 
eighty-two  feet  above  the  Connecticut  river  on  the  west. 

If  at  any  time,  by  reason  of  the  difference  of  level  of  these  val- 
leys of  Connecticut  and  Merrimack  rivers,  water  were  discharged 
from  one  to  the  other  for  a  long  period  through  the  lower  passes, 
we  should  expect  to  have  evidence  of  it  engraved  upon  the  rocks. 
If  such  evidences  were  discovered  as  we  know  from  our  running 
streams  to  be  the  effect  of  water,  we  shall  be  justified  in  refer- 
ring them  to  a  similar  agency,  i.  e.,  water  in  motion.  Should  we 
observe  phenomena  like  what  are  frequently  seen,  in  the  less  ra{Md 

*  See  profiles  and  reporta  of  ^ese  roadi. 

f  Agassii.  Proceedings  Am.  Assoc,  for  Ady.  Science,  held  at  Cambridge,  Sep- 
tember 1»  1849. 
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parts  of  a  rivet  and  above  dams  in  a  rapid  stream,  we  ma^  refer 
their  production  to  a  similar  cause* 

The  original  features  of  this  Orange  summit  were  remarkable, 
but  they  have  been  very  much  altered  by  the  cut  for  the  railroad, 
which  has  however  added,  by  the  new  features  developed,  very 
much  to  its  geological  interest.  The  facts  have  an  important 
bearing  on  problems  which  are  now  arising  with  reference  to  the 
geological  history  of  New  England,  and  are  therefore  worthy  of 
record.  A  description  in  part,  is  given  by  Dr.  C.  T.  Jackson  in 
the  Geology  of  New  Hampshire,, p.  113. 

The  turnpike  from  Canaan  on  the  northwest,  passes  some 
miles  along  the  edge  and  on  the  sides  of  sand  and  gravel  hills 
on  the  boilers  of  an  extensive  swampy,  peaty  meadow,  with  a 
sandy  bottom,  which  has  long  ramifications  into  the  lateral  valleys, 
then  near  a  shallow  pond  of  a  few  acres,  which  is  fed  by  a  rivulet 
coming  from  the  hackmatac  swamp  at  the  base  of  the  summit. 
The  valley  narrows  rapidly,  and  towards  the  summit  we  find  nu^ 
merous  long  sand  and  gravel  hills,  shaped  like  an  inverted  boat, 
twenty  to  thirty  feet  high,  parallel  nearly  to  each  other  and  to  the 
general  trend  of  the  valley,  with  channels  for  surface  water  be- 
tween them. 

The  depression  or  gap  is  several  hundred  feet  below  the  gen^ 
eral  height  of  the  range,  and  the  old  road  formerly  passed  the 
summit  at  an  elevation  about  forty  feet  above  the  swamp,  and 
was  made  in  the  lowest  channel  cut  by  the  waters  formerly 
ranning  here,  and  directly  by  the  side  of  the  "  well"*  made  a 
slight  descent  across  soft  ground  on  a  log  causeway,  then  over 
a  rocky  ridge  and  down  into  Grafton  valley. 

This  well  or  pot-hole,  as  figured,  appears  worn  down  on  the 
side  next  the  road  three  feet  lower  than  on  the  opposite ;  its  depth 
is  eight  feet ;  its  diameter  is  between  four  and  five  feet  at  top, 
and  about  two  feet  at  bottom.  A  large  number  of  small,  smooth 
rounded  stones  from  this  well,  are  in  my  possession,  and  in  the 
Dartmouth  cabinet  is  a  plum  shaped  smooth  mass  of  granite, 
which  weighs  two  hundred  and  ninety  pounds. 

The  surface  of  the  rock  wherever  seen,  even  high  above  the 
road  track  is  water-worn  into  cavities  and  channels  descending  to 
the  southward,  and  great  numbers  of  pot-holes  have  been  uncov-*^ 
ered,  which  have  a  tendency  to  a  linear  direction  nearly  north 
and  south.  In  laying  out  the  railroad,  soundings  were  made  be- 
tween the  two  rocky  barriers  to  the  depth  of  near  forty  feet,  in  a 
peat  bog,  and  the  rock  cutting  was  considerably  diminished  by 
laying  the  track  about  north  and  south,  and  obliterating  wholly 
or  in  part  many  pot-holes  of  large  and  small  size.  Through  the 
kindness  of  my  friend,  R.  Bakewell,  Esq.,  I  refer  to  his  drawing 
of  the  section  made  by  the  railroad  on  its  west  side. 

•  Figured,  GmL  N.  H.,  p.  114 
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The  out  ii  north  and  south  about  1600  foel  long,  and  thirty- 
five  feet  deep ;  the  railroad  is  at  the  base,  and 
Ihe  former  carriage  road  at  the  top. 

A,  granite,  presenting  two  rocky  barriers  s,  s^, 
the  latter  somewhat  the  highest : — these  to  the 
eastward  rise  more  rapidly  into  ridges  than  on 
the  west  The  course  of  the  channels  in  the 
granite  is  diagonal  from  the  east  side  and  de- 
scends south,  showing  certainly  the  direction  of 
the  stream,  (q)  duartz  veins  from  one  to 
four  inches  thick,  dipping  from  35^  to  42^  S.E., 
intersecting  the  granite.  These  are  cut  off  in 
barrier  (y)  by  two  large  veins  (/)  (/),  of  whit- 
ish greet)  feldspar  with  mica,  and  in  some  parts 
is  handsome  graphic  granite,  and  all  much 
harder  and  more  difficult  to  excavate  than  the 
granite; — (/)  is  fifty-six  feet  wide  and  (/) 
twenty-one  feet.  Their  course  is  N.  18°  K, 
and  dip  westerly  66°,  and  by  the  light  color  of 
the  feldspar,  they  may  be  traced  by  the  eye  in 
a  tortuous  course  far  up  the  hills.  B  B^  B^^  are 
deposits  without  stratification,  of  fine  and 
ooarse  gravel  with  large  and  small  rounded 
pebbles  covering  the  granite  and  extending 
somewhat  lower  than  the  track  of  the  railroad  ;  ' 
the  portion  B"  was  made  up  chiefly  of  pebbles 
of  the  larger  size,  even  one  foot  by  one  and  one 
half  foot.  C  is  a  bed  or  deposit  of  swamp 
muck,  filling  to  the  brim  the  excavation  in  the 
gravel  and  covering  it  from  s  to  s'.  This  ex- 
tends below  the  track,  and  east  and  west,  and 
is  some  two  hundred  feet  wide,  in  the  line  of 
section  between  B'  B^^  The  draining  of  this 
swamp  on  the  south,  caused  it  to  settle  and  tear 
apart  in  large  patches,  and  to  furevent  its  filling  the 
track  as  fast  as  the  excavations  went  on,  a  close 
row  of  piles  thirty  feet  long  was  driven  on  each 
side  and  braced  apart  at  top.  Coniferous  trees 
of  considerable  size,  eighteen  inches  diameter, 
are  found  in  this  at  all  levels,  prostrate  and  with 
roots  attached,  and  also  lying  on  stumps  that 
were  still  in  a  vertical  position ;  when  cut  they 
were  found  in  the  interior  quite  sound  and  of 
bright  color.  (^)  Is  a  dike  of  gray  amygdaloidal 
trap,  three  and  one  half  feet  wide.  Its  course  is 
N.  30°  E. ;  it  was  traced  southwesterly  up  to  the 
top  of  the  ridge  some  hundreds  of  feet  above 
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Ae  road,  for  a  dietanee  of  near  half  a  mile,  where  it  is  onty  one 
foot  wide ;  it  may  also  be  traced  some  way  on  the  eastward  side 
of  the  road. 

In  my  note-book  are  memoranda  of  pot-holes  measured  here, 
somevof  which  (the  last  three)  have  been  since  in  part  remo?ed. 
L     16  inches  diameter  and   4  feet  deep. 


2. 

4  feet 

u 

and    4 

a 

3i  and  4  ft. 

and  10 

4 

4#feet 

and    8 

6. 

13    " 

and  12 

"  now  less  ihan  a  semicurcle. 

& 

6     " 

and    8 

"  a  semieirele. 

7. 

8    " 

and  10 

"  in  two  curves,  as  if  two 

holes  had  been  worn  into  one. 

No.  1,  was  filled  with  peat,  and  discovered  by  sounding  with 
an  iron  bar ;  at  a  single  blow  the  bar  struck  on  the  bottom  a  flat- 
tened, rounded  smooth  stooe,  of  about  four  pounds  weight,  which 
was  the  last  agent  in  the  excavation  of  the  hole.  There  is  also 
a  rocky  channel  some  rods  in  length,  oblique  from  the  northeast, 
which  is  cut  off  by  the  railroad  at  its  lower  end ;  it  is  twelve  feet 
wide  and  eleven  feet  deep,  and  contains  near  its  mouth  large 
rounded  granite  boulders  from  one  to  seven  feet  diameter.  Sudh 
masses  as  these,  with  the  great  number  of  similar  ones,  large  and 
rounded,  in  the  portion  of  the  gravel  bed  at  B'',  are  proofs  of  the 
tomultuoiis  action  of  a  great  body  of  water,  by  whose  agency 
they  were  carried  along  into  this  whirlpool  and  revolved  till  they 
were  rounded  and  often  reduced  to  pebbles  and  powder,  and  thus 
removed  to  give  place  to  others.  At  various  stages  in  the  pro- 
cess, some  may  have  escaped  from  the  excavations  and  were  car^ 
ried  over  the  south  summit  (s),  or  were  lodged  on  its  north  side. 

The  phenomena  here  presented,  indicate  a  long  continued  dis- 
charge of  a  large  current  of  water  through  this  gap,  from  north 
to  south,  which  has  worn  doAvn  the  mountain  range,  hundreds  of 
leet,  as  shown  by  the  feldspathic  veins,  and  especially  by  the  trap 
dike,  which  was  injected  since  the  veins,  as  it  cuts  one  of  them. 
Similar  circumstances  must  have  been  often  repeated  at  higher 
levels,  while  this  erosion  was  in  progress.  "  The  welP^  beside 
the  road  has  been  lowered  three  feet  on  one  side,  so  as  to  form  a 
ehannel  in  which  the  early  road  was  made,  while  below  this  level 
it  was  perfect  and  eight  feet  deep.  We  may  suppose,  with  rea- 
son, that  these  wells  had  been  of  similar  dimensions  through  a 
long  period  while  the  action  was  going  on,  and  that  excavation 
below  kept  pace  with  the  removal  of  the  upper  portion. 

Between  these  two  remarkable  barriers  on  the  north  and  south, 
the  excavation  in  granite  of  this  longitudinal  valley  is  more  than 
forty  feet  deep  and  six  hundred  feet  wide ;  it  has  a  very  uneven 
surface,  with  rounded  hummocks  rising  from  the  bottom,  as 
shown  on  the  R  and  W.  side  of  the  raUroad,  in  a  section  from  eight 
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to  eighteen  feet  high  dbove  the  track.  On  the  north  side  it  is 
filled  with  the  accumulations  of  gravel,  and  on  the  south  side  the 
basin  in  this  gravel  is  filled  with  a  deposit  of  peat,  containing 
abundance  of  prostrate  trees  apparently  of  wiccessive  generations. 

The  configuration  of  the  excavated  gravel  shows  the  last  result 
of  moving  water;  the  accumulation  of  the  swamp  muck  and  the 
growth  of  trees  in  this  cavity  are  of  course  of  subsequent  date. 
The  violence  of  the  current  which  has  here  acted,  may  be  infer- 
red from  the  wearing  efiects  exhibited  on  the  rocks  of  the  valley, 
S.  and  B.,  where  they  are  smoothed  and  rounded  at  elevations 
far  above  the  stream  now  flowing  there;  also  from  the  great 
depth  of  Tewksbury  Pond,  and  from  the  extensive  beds  of  peb- 
bles washed  clean  of  all  fine  materials,  sand  and  soil,  in  Daabory, 
about  ten  miles  southeast. 

Again — we  see  no  evidence  at  present  that  these  excavations 
and  irregularities  were  produced  by  water  falKng  from  a  very 
great  height;  they  are  rather  the  effect  of  a  uniform  though  vio- 
lent current ;  the  same  marks  are  seen  in  the  slate  and  hard  trap 
of  the  bed  of  the  ftueechy,  where  pot-holes  and  channels  and 
capacious  excavations  long  and  deep  are  abundant  as  the  effects 
of  a  rapid  stream.* 

If  we  may  safely  conclude  that  where  numerous  dikes,  and 
these,  it  may  be  in  groups  of  six  or  eight,  are  found  crossing 
in  a  valley  a  river  channel,  as  at  Campton  Falls,  N.  H.,  and  re- 
duced to  a  level  with  its  bed,  with  occasionally  one  harder  than 
the  rest  forming  a  barrier  of  slight  elevation,  we  have  before 
lis  a  present  agency  which  in  time  past,  may  have  been  sufii- 
cient  for  the  production  of  the  degradation  indicated  by  the  ex- 
tent of  the  valley.  So  when  there  are  large,  elevated  areas  yet  far 
below  the  peaks  and  ridges  of  the  country  intersected  in  many 
directions  by  trap  dikes  and  the  whole  surface  worn  smooth,  we 
hesitate  not  to  admit  that  a  general  deniKiing  or  erosive  force  has 
acted  with  energy  and  during  a  long  period.  When  we  find  a 
mountain  ridge  cut  at  right  angles  by  one  or  more  trap  dikes,  and 
these  reduced  to  an  even  surface  with  the  crest  and  sides  of  the 
mountain,  and  continuous  across  the  valleys,  it  is  not  easy 
for  the  mind  to  forbear  concluding  that  the  valleys  are  valleys 
of  erosion,  although  they  may  be  narrow  and  some  thousands  of 
feet  deep.    This  is  illustrated  by  the  following  cases. 

♦  In  connection  with  these  eflPects  of  larger  currents,  and  in  proof  of  their  former 
existence  in  the  channel  of  our  present  streams,  I  mention  that  a  cut  was  made  in 
West  Hartford,  V  t,  on  the  Central  Railroad,  across  the  angle  of  a  date  spur,  Miout 
sixty  feet  above  the  White  River,  that  opened  a  pot-hole  to  its  bottom,  seventeea 
feet  deep  and  between  three  and  four  feet  diameter.  In  this  were  found  two  beau- 
tifully rounded  and  smooth  spheres  of  granite,  one  of  which  imfortunately  was  buried 
m  the  track,  and  the  other,  almost  a  perfect  sphere,  two  feet  fomr  inches  in  diameter, 
and  weighing  over  nine  hundred  pounds,  is  preserved  for  science  at  the  Univerai^ 
of  y  ermoat  at  Burlington. 
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(g.)  Moose  Mountain  is  a  part  of  a  north  and  south  range  of 
mica  and  hornblende  slates  with  quartzite.  It  is  situated  about 
eight  miles  east  of  Dartmouth  College,  atid  may  be  lUOO  feet 
high.  Between  the  granite  knobs  just  east  of  the  College  and 
the  range,  there  is  a  synclinal  valley  and  axis,  and  the  slates  on 
Hoose  Mountain  dip  westerly  at  a  high  angle.  In  passing  along 
the  ridge  some  years  since,  I  observed  a  depression  eighteen  feet 
wide  with  perpendicular  sides  twelve  feet  high,  and  this  singular 
ioterraption  of  the  line  of  the  ridge  led  to  an  examination  of  the 
rock  in  this  space.  It  proved  to  be  a  dike  of  columnar  porphyritic 
trap  running  east  and'west^  which  was  traceable  some  way  down 
the  declivity,  but  of  a  uniform  surface  with  the  sides  of  the 
mountain. 

On  the  opposite  side  of  the  valley,  and  crossing  it  and  the  road 
obliquely  and  following  exactly  the  undulating  and  channeled 
surface  of  the  slate,  is  another  very  compact,  hard,  blue  trap  dike, 
with  crystals  of  glassy  feldspar,  and  fourteen  feet  wide.  These 
dikes  if  |»x)duced  must  intersect  each  other,  and  the  latter  is  cut 
dowD  many  feet  by  a  small  stream. 

A  few  miles  south  where  this  ridge  is  interrupted  by  the  valley 
of  the  Mascomey  River  or  Enfield  Pond,  the  precipitous  bluff 
presents  a  dike  some  feet  in  width  which  is  made  up  of  flattened 
and  rounded  masses  of  trap  in  columns  side  by  side,  and  rapidly 
decomposing.  This  is  one  hundred  feet  and  more  above  the 
level  of  the  lake,  which  is  at  the  base  of  the  ridge,  and  whose 
bed  must  be  intersected  by  the  dike. 

(A.)  Mount  Washington,  as  I  showed  in  the  American  Journal, 
xzziv,  in  1838,  is  covered  or  capped  with  mica  slate  in  place — 
and  as  there  is  no  evidence  from  diluvial  scratches,  boulders  or 
rounded  and  smooth  surfaces,  of  erosion  or  denuding  forces,  we 
infer  that  its  peak  ever  has  been  above  the  reach  of  those  agen- 
cies which  have  operated  upon  its  flanks  and  upon  the  surround* 
Big  peaks. 

If  a  fissure  should  occur  through  one  of  these  granitic  peaks 
from  valley  to  valley,  (it  would  probably  be  much  farther  ex- 
tended,) and  if  molten  lava  were  to  fill  this  fissure,  it  could  never 
reach  the  apex  or  remain  consolidated  there,  unless  it  were  sup- 
ported at  the  Umiis  of  the  fissure  on  the  flanks  of  the  mountain. 
It  is  contrary  to  physical  laws  that  as  the  lava  rose  in  the  fissure, 
it  shoukl  not  gravitate  and  run  into  the  lower  places,  the  valleys 
on  the  sides  of  the  mountain,  and  only  as  these  were  filled  would 
it  rise  in  the  fissure^  and  equally  in  both.  This  must  follow 
whether  the  surface  be  submarine  or  subaerial. 

L  If  the  existing  valleys  were  filled  to  the  height  of  the  peak 
with  diluviufn  or  Sift,  tike  the  conglomerate  hardpan  of  this  re- 
gion, which  is  so  consolidated  that  when  excavated  it  must  be 
hlastad,  ibis  would  seem  sufficient  to  repress  or  hold  up  the  col- 
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umn  of  lava  and  secnre  a  uniform  dike  to  the  full  height  of  the 
peak.  The  hardpan  would  be  fissured  and  the  dike  found  con- 
tinuous through  it ;  but  this  supposition  implies  a  previotu  ezcava^ 
tion  or  erosion  of  the  valleys. 

2.  If  existing  valleys  were  formerly  filled  with  ^y^p  by  an  over* 
flow  from  the  fissure,  they  are  now  clear  of  it  and  have  been  re- 
duced to  their  former  condition,  i.  e.,  they  have  been  ezcarated  a 
second  time  as  in  the  former  ease. 

3.  If  the  present  valleys  were  formerly  occupied  by  continu- 
ous rock,  such  as  constitutes  the  mountains,  then  a  support  is  had 
for  the  molten  lava  when  injected  to  the  height  of  the  peak,  so  as 
to  allow  the  filling  of  the  fissure  and  to  form  a  dike ;  and  the  pres- 
ent configuration  is  the  result  of  a  subsequent  erosion  or  excava- 
tion. Whether  these  valleys,  therefore,  were  ever  filled  with 
diluvium  or  trap,  need  not  be  shown,  as  we  must  in  that  case,  at 
a  previous  time  introduce  the  latter  supposition,  involving  as  it 
does  only  a  single  excavation. 

There  is  a  possible  supposition  that  the  valleys  of  the  White 
Mountains  are  the  result  of  fracture  and  subsidence  of  their  areas 
— or  of  fracture  and  elevation  of  the  ridges — but  I  know  of  no 
evidence  of  this,  and  where  the  rock  can  be  traced  across  from 
side  to  side  of  a  valley,  the  continuity  is  complete.  To  sustain  the 
third  view  above,  I  cite  the  following  fects. 

Mount  Pleasant,  the  third  peak  south  of  Mount  Washington, 
is  about  4500  feet  high.  Its  top  is  a  plain  of  five  or  six  acres,  so 
even  and  level  that  a  horse  may  be  galloped  all  about  upon  it. 

It  is  intersected  near  its  center  by  a  dike  of  very  hard,  bluish 
trap  three  feet  wide,  whose  course  is  east  and  west,  which  is 
worn  ofi"  entirely  smooth  and  level  with  the  enclosing  rock,  and 
may  be  traced  entirely  across  the  top.  Circumstances  did  not 
allow  an  examination  for  its  continuance  beyond  these  limits^ 
where  the  sides  of  the  mountain  are  covered ;  but  by  telescopk: 
examination  from  Fabyan's,  which  showed  distinctly  the  little 
column  of  trap  fragments  piled  upon  the  dike  of  two  feet  in 
height,  I  was  led  to  infer  a  probable  relation  between  the  dike 
and  the  slides  on  the  west  side  of  Mount  Pleasant,  which  seemed 
to  be  in  the  range  with  it.  However  this  may  be,  the  dike  must 
be  considered  for  the  reasons  already  given,  as  of  much  greater 
length  than  the  crest  of  the  mountain  and  of  course  extending 
down  into  or  across  the  valleys. 

Though  the  positive  evidence  may  be  wanting  of  this  latter 
point,  yet  from  a  party  of  our  students  who,  in  the  autunm  of 
1848,  descended  into  the  valley  on  the  east  side  of  Mount  Pleas- 
ant, from  directly  opposite  the  "  Lake  of  the  Clouds,"  and  fol- 
lowed the  mountain  stream  throughout  its  course  of  falls  and 
rapids,  dtc.,  to  the  valley  of  Dry  river,  and  down  this  to  its  junc- 
tion with  the  Saco  in  the  Notch,  two  or  three  miles  below  the 
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Willey  House,  and  some  twelve  miles  from  where  they  began  the 
descent — I  learn  that  "  two  or  three  miles  above  the  mouth  of 
Dry  river  there  are  several  remarkable  trap  dikes  at  right  angles 
to,  and  crossing  the  stream,  and  running  up  into  the  mountain  on 
the  sides ;  one  of  them  is  five  or  six  feet  wide  and  is  smooth  and 
eveo  with  the  rock  enclosing  it,  and  the  stream  makes  a  nearly 
perpendicular  plunge  at  this  point,  of  eight  or  ten  feet," — ^thus 
presenting  such  phenomena  as  are  common  in  other  similar  places, 
and  as  ought  to  be  found  constantly  existing  or  repeated  in  a  pro- 
cess of  excavatmg  a  valley  by  a  running  stream. 

The  facts  which  I  have  recorded,  showing  the  relations  be- 
tween trap  dikes,  which  have  been  denuded  and  eroded  to  con- 
siderable depths  by  running  streams,  will  need  no  comment  or 
illustration. 

In  regard,  however,  to  such  cases  as  Mount  Pleasant  and  Moose 
Mountain,  where  no  running  water  is  found,  we  must  recur  to 
the  periods  when  the  relations  of  land  and  water  were  very  dif- 
ferent from  the  present. 

We  are  too  much  disposed  to  look  upon  the  great  features  of 
this  group  of  mountains  as  fixed  so  long  ago  as  to  have  no  con- 
nection with  the  minor  ones  now  presented,  and  which  are  in 
process  of  increase.  The  agencies  of  decomposition  are  now  at 
work  on  a  scale  of  sufficient  magnitude  to  produce  great  changes 
in  a  generation,  and  the  accumulation  of  debris  since  August, 
1826,  at  the  gorge  back  of  the  Willey  House,  and  in  the  outlets 
of  the  two  below  it,  if  we  could  add  also  the  large  amount  of 
fine  materials  carried  down  stream  by  the  Saco  from  these  sour- 
ces, are  well  calculated  to  prevent  our  underestimating  their 
importance. 

The  gorge  J.  a  mile  below  the  Willey  House  being  in  the  line 
of  some  trap  dikes  cutting  the  mountain,  is  already  a  very  con- 
siderable depression,  and  in  imagination  we  may  anticipate  the 
time  when  it  has  become  a  separating  valley  two  or  three  thou- 
sand feet  deep,  like  the  one  east  of  Mount  Pleasant.  We  have 
only  to  extend  this  view  to  the  thousands  of  precipitous  torrents, 
and  the  more  advanced  channels,  to  provide  for  the  future  inter- 
section of  these  ranges,  and,  as  the  valleys  are  deepened  and 
widened,  for  their  more  rapid  destruction  by  undermining  and 
riides.  It  is  not  my  object  to  exclude  by  any  means  the  general 
operation  of  any  or  all  of  the  authentic  agencies,  whether  marine 
or  freshwater  or  others  subordinate,  that  by  future  observation 
may  be  shown  to  have  left  their  impress  on  this  region — but 
while  observation  shows  a  very  considerable  erosion  of  these  val- 
leys and  mountains  now  going  on,  I  wish  to  present  other  facts 
which  lead  to  the  conclusion,  that  these  deepest  valleys  are  but 
valleys  of  erosion. 

SiooHD  Smss,  YoL  IX,  No.  26.— March,  1850.  22 
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The  examination  of  the  valleys  of  the  state  of  New  York,  as 
at  the  Little  Falls,  &,c.,  and  of  its  lakes  in  different  parts,  shows  a 
difference  of  level  and  a  depth  of  erosion  of  1200  feet  to  2000 
feet.  So  also  the  observations  on  the  sandstone  of  the  Connecti^ 
cut  valley  in  Massachusetts  and  Connecticut,  indicate  its  erosion 
to  the  extent  of  1200  feet  This  erosion  of  the  sandstone  is  only 
eonsistent  with  a  similar  one  in  the  northern  portions  of  New 
England,  and  requires  its  occurrence  if  we  would  provide  the 
constituents  of  the  sandstone  in  the  first  place  and  its  continu- 
ance and  increase  subsequently.  Whether  this  result  is  refera^ 
ble  to  one  period  or  another  is  not  now  a  question. 

The  following  (acts  are  cited  from  the  Report  of  the  Geology 
of  New  Hampshire,  to  sustain  the  general  proposition,  and  which 
is  also  stretigthened  by  the  evidence  afforded  by  metallic  veins  in 
positions  similar  to  that  of  the  trap. 

1.  The  Lower  Patuccoway  Mountain  of  syenite  in  Notting- 
ham is  cut,  through  its  summit,  into  two  nearly  equal  parts  by  a 
dike  of  columnar  greenstone  trap  from  six  to  twelve  inches  wide, 
and  which  can  be  traced  for  a  quarter  of  a  mile  till  concealed  by 
the  soil.     This  mountain  is  780  feet  high  above  the  sea. 

2.  In  Piermont  the  mica  slate  is  intersected  by  numerous  dikes 
of  greenstone  trap;  and  from  Piermont  to  Haverhill  Corner,  nine 

""'dikes  are  found,  some  of  them  porphyritic,  and  one  so  filled  with 
magnetic  iron  pyrites  as  to  affect  the  compass. 

3.  Red  Hill,  of  syenite,  and  2000  feet  above  the  level  of  the 
aea,  is  crossed  at  about  one-third  its  height  by  a  large  dike  of 
porphyritic  trap,  N.  30^  W. 

4.  On  the  declivity  of  the  westerly  peak  of  Gunstock  Moun- 
tain, which  is  1561  feet  above  lake  Winipissiogee,  is  a  vein  of 
magnetic  oxyd  of  iron,  the  pieces  of  which  have  polarity,  and 
large  dikes  of  trap  occur  on  the  southerly  peak. 

6.  Baldface  Mountain,  in  Jackson,  of  granite,  is  cut  through  its 
midst  by  a  few  trap  dikes,  and  at  a  height  of  1404  feet  above  its 
base,  and  in  other  places  is  cut  by  veins  of  peroxyd  of  iron  of 
>  great  width,  which  are  traced  down  its  flanks. 

6.  Several  trap  dikes  in  Jackson  contain  carbonate  of  lime,  and 
cut  through  mica  slate,  granite  and  a  granite  vein,  one  of  which 
is  fifty  feet  wide. 

7.  Ax  Hampton  Falls,  and  on  to  the  sea,  the  hard  flinty  rock  is 
cut  by  dikes  of  trap. 

5.  In  Eaton,  dikes  of  porphyritic  trap  from  ten  to  sixteen  feet 
wide  cut  through  a  hill  of  granite,  and  again  in  another  place  a 
trap  dike  four  feet  wide  cuts  a  hill  of  granite. 

9.  On  the  east  flank  of  the  White  Mountains,  on  the  Pinkham 
road  in  Jackson,  the  mountain  ledge  of  mica  and  chiastolite  slate 

1.  p.60.— 2.  p.  65.— 8.  p.  71.— 4,  p.  72.— fi.  pp  78,  79-— «.  p  80.— 7.  p  98.— 
8.   pp96,  98.— 9.   p.  99. 
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is  cat  by  two  large  trap  dikes,  and  Town^  hill  in  Lancaster,  is 
intersected  by  trap  dikes  in  limestone. 

10.  Trap  dikes,  porphyritic  and  dark  brown  compact,  occur 
at  Berlin  Falls,  and  are  also  found  in  passing  from  Berlin  to 
Lancaster. 

11.  In  Littleton  are  trap  dikes  catting  mica  slate. 

12.  Thorn  Mountain,  in  Jackson,  consisting  of  a  porphyry,  is 
eat  through  at  top  by  veins  of  magnetic  oxyd  of  iron  descending 
its  flanks,  and  by  a  dike  of  basalt. 

These  examples  of  trap  are  at  very  various  heights  above  ihe 
sea,  and  are  a  fair  illustration  of  the  amount  of  erosion  of  the 
rocks  in  their  several  localities.  1  know  of  no  more  valid  objec- 
tion to  the  conclusions  based  on  the  evidence  afforded  by  the  re* 
lations  of  the  trap  in  New  Hampshire,  than  would  lie  against 
those  derived  from  the  trap  in  other  formations,  whether  in  the 
mountains  of  northern  New  York  or  in  the  coal  formation,  or  in 
the  sandstones  of  all  countries ;  and  future  examination  in  the 
very  instructive  geological  field  of  the  White  Mountains  will 
doubtless  furnish  much  more  similar  evidence. 


Art.  XIX. — Contributions  to  the  Mycology  of  North  America;  * 
by  Rev.  M.  J.  Berxelet,  of  England,  and  Rev.  M.  A.  Cubtis, 
of  South  Carolina. 

61.  AoAKicus  Antillabum,  Fries. — ^In  fimetis.  May-Nov« 
Society  Hill,  S.  Carolina. 

62.  CopRimrs  teroiversaics,  Fr. — ^Ad  terram.  Dec.  Santee 
Oanal,  S.  C.     Mr.  Ravenel. 

63.  Paxillus  porosus,  Berk. !  in  Lea's  Catalogue. — Ohio !  Mr. 
Lea.    S.  Car. !  In  sylvis  humidis.     Aug.-Oct. 

64.  Htgrophorus  bhtcilaginosus,  Berk,  and  Curt. ;— pileo  valde 
miKilaginoso  laetecolori  convexo  demum  piano  striato ;  stipite 
fragili  subconcolori  fistuloso ;  lamellis  dccurrentibus  crassis  carneis. 
In  paludosis.     July.     Society  Hill. 

Cap  6-9  lines  broad,  of  a  bright  pale  reddish  yellow,  darker  in 
the  centre.  Stem  J  inch  high,  a  line  or  more  thick,  composed 
of  longitudinal  fibres,  subpellucid,  pale  yellow  or  carneous.  Gills 
distant,  unequal,  fleshy.  Allied  to  H,  Cantharellus,  Fr.,  from 
which  it  is  readily  distinguished  by  its  very  mucilaginous  pileus 
and  thick  gilts;  and  from  H.  Uetus^  Fr.,  by  its  brittle  stem. 

65.  H.  LURiDus,  Berk,  and  Curt. ; — pileo  campannlato  urobo- 
oato  pallide  fusco  viscosissimo ;  margine  striato  crenato ;  stipite 

10.    p.l04w— 11.    ]p.lOft.— 1^   p.  146. 
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fistaloso  concolori ;  lamellis  crassis  venoeo-coDnexis  adnezis  albis. 
In  paludosis.    July.     Society  HilL 

Cap  7-9  lines  broad,  pale  brown,  darker  in  the  centre.  Stipe 
1^  in.  long,  about  a  line  in  thickness,  composed  of  longitudinal 
fibres.  Gills  ventricose,  shortly  adnate.  Not  very  closely  allied 
to  any  species  described,  except  perhaps  to  H.  unguinosuSf  which 
is  however  more  robust  and  of  different  habit 

66.  H.  cocciNELLus,  Fr. — In  terra  arenosa  humida.  Aug.  So- 
ciety Hill. 

67.  H.  cHLOROPHANus,  Fr. — ^Ad  terram  inter  folia.  June.  Hills- 
borough, N.  Car. 

68.  Lactartus  insulsus,  Fr. — ^Ad  terram  in  sylvis.  Aestate. 
Hillsborough,  N.  C. 

Agaricus  fuliginosus,  vellereus^  and  camphoratus,  enumerated 
in  a  previous  paper,  belong  to  this  genus. 

69.  Cantharellus  umbonatus,  Fr. — In  sylvis.  Oct.  R.  Isl- 
and.   Mr.  Olney. 

70.  Marasmius  opacus.  Berk,  and  Curt. ; — ^gracilis ;  pileo  con- 
vexo  ruguloso  opaco  pulverulento  albido ;  stipite  insititio  elongato 
pulverulento-subfurfuraceo  pal  lido;  lamellis  ventricosis  distanti- 
bus  adnexis.  Ad  ramulos  et  folia  dejecta  in  sylvis.  Aestate.  So- 
ciety Hill  and  Santee  Canal,  S.  Car. 

Cap  about  2  lines  broad,  sometimes  slightly  depressed  around 
a  central  umbo,  dirty-white,  scarcely  striate  or  sulcate.  Stem 
1-1 J  inch,  high,  i  of  a  line  thick,  of  the  same  color  with  the 
cap,  furfuraceous  toward  the  base.  Gills  moderately  broad, 
slightly  adnate,  with  the  interstices  nearly  even.  Nearly  allied 
to  M.  ramealisj  but,  like  M,  synodicuSf  is  far  more  elongated. 
From  the  latter  it  differs  in  its  rather  broad,  not  vein-like  gills ; 
and  from  Af .  candidus,  in  its  opake  pileus. 

71.  M.  piTHTOPHiLus,  Berk,  and  Curt. ; — pileo  e  convexo  pla- 
no-umbilicato  sulcato-striato  brunneolo;  stipite  insititio  solido 
concolore  pulverulento-furfuraceo ;  lamellis  fusco-carneis  subde- 
currentibus.    Ad  folia  Pinea  dejecta.    July.    Society  Hill. 

Cap  4  lines  broad,  impressed-striate,  dry,  submembranaceous, 
whitish-brown.  Stipe  J  in.  long,  scarcely  i  line  thick,  firm,  sub- 
equal,  pale  or  brownish  pulverulent,  clothed  toward  the  base 
with  minute  furfuraceous  scales.  Gills  unequal,  forked,  undu- 
lated. Agrees  in  habit  with  M.foatens^  but  the  stem  is  more 
opake,  and  the  gills  are  by  no  means  annulato-adnexed. 

72.  M.  BPONGiosus,  Berk,  and  Curt. ; — pileo  piano  albido-fusco  ; 
stipite  pulverulento  basi  incrassato  spongioso  fulvo-villoso;  Ismiel- 
lis  albidis  subconfertis.  Inter  folia  putrescentia  in  humidis.  June, 
July.     Hillsborough,  N.  C.  and  Society  Hill,  S.  C. 

Cap  4-6  lines  broad,  darker  in  the  centre,  obtuse.  Stem  1 J 
in.  long,  brown,  often  much  twisted,  thickened  toward  the  base 
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and  clothed  with  a  tawnf  villus.     Has  mach  the  aspect  c^ 
M.pUmcus. 

73.  M.  siMiLis,  Berk,  and  Curt. ; — pileo  membranaceo  plioato 
opaco  albido ;  stipite  gracili  elongate  nitido  fusco ;  lamellis  pauciD 
latis  adnexis  venoso-connexis  albidis.  Ad  terram.  July,  Aug. 
Society  Hill. 

Gregarious.  Cap  2-3  lines  broad,  dull  white,  smooth,  covered 
with  minute  wrinkles.  Stem  2  in.  long,  very  slender,  hardly 
pulverulent.  Gills  ventricose.  Allied  to  M.  hcBmatocephaluSj  Fr., 
from  which  it  is  easily  distinguished,  at  least  by  color. 

3f.  tuBfnatocephaluSj  (No.  2  of  these  Contributions,)  I  find  also 
at  Society  Hill,  S.  C. ;  sometimes  having  a  stem  3  in.  long  with 
a  cap  12-15  lines  broad.  Mr.  Olney  has  also  sent  it  from  Rhode 
Island. 

74.  M.  Graminum,  Berk. ! — ^Ad  folia  graminum,  herbas,  etc.  in 
hortis.     June.     Society  Hill. 

75.  M.  Vaillantii,  Fr. — ^Ad  cortices  emortuos,  e.  g.  Vitis.  Aug. 
N.  and  S.  Car. 

76.  M.  PLANcus,  Fr. — ^In  sylvis  acerosis.  R.  Island ;  Mr.  Olney. 

77.  Lentinus  Ravenelii,  Berk,  and  Curt. ; — pileo  umbilicato 
submembranaceo  striate  squamuloso  maculate ;  stipite  curto  tenui 
forfnraceo-squamoso ;  lamellis  tenuibus  subdistantibus  dente-de^ 
currentibus  venoso-connexis.  Ad  lignum  putridum  in  humidis. 
April.     Santee  Canal,  S.  C.     Mr.  Ravenel. 

Scattered.  Cap  1-1 J  in.  broad,  plano-convex,  white,  clothed 
vith  minute  nifous  velvety  scales  which  are  crowded  and  conflu- 
ent in  the  centre.  Stem  1  in.  long,  1  line  thick,  solid,  white, 
with  nifons  scales.  Gills  white,  slightly  erose.  A  very  pretty 
species  allied  to  L.  tigrinus,  but  much  more  delicate.  The  pileus 
is  thin,  and  in  consequence  when  dry  it  has  an  hygrophanous 
aspect 

78.  L.  cESFiTosus,  Berk. !  in  Lea's  Catalogue. — ^Very  abundant 
in  N.  and  S.  Car:  from  July  to  Nov. ;  at  the  base  of  stumps  and 
on  buried  roots.  When  dry  it  has  a  kind  of  acid-sweetish  odor 
not  unlike  that  about  a  cider-press. 

79.  Panus  dorsalis,  Pr. — ^Ad  lignum  nK)rtuum  Pini  [et  Liqui- 
dambaris  ?]  Autumno,  Hieme.    N.  and  S.  Car. 

80.  Xebotus  degener,  Fr. — Ad  terram  argillaceam  inter  mus- 
cos.    June.     Hillsborough,  N.  C. 

81.  Lenzites  uNGULJBFORBns,  Berk,  and  Curt. ; — albida  lignea 
subtriquetra  insBquabilis  glabrata  nitida;  lamellis  ligneis  latis  po- 
ro8o-ramosis. — Ad  lignum  aridum.     Wilmington,  N.  Car. 

Cap  2  in.  broad,  1^  in.  long,  }  thick,  rather  elongated,  villous 
when  young  but  becoming  smooth  and  shining ;  surface  unequal} 
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once  or  twice  silicate,  with  some  trace  of  almost  obliterated  vil* 
losity  towards  the  mai^in.  Gills  broad,  thin  but  woody,  branch- 
ed, and  here  and  there  forming  sinuous  pores. — Allied  to  L.  betu- 
Una,  but  more  rigid.  It  also  resembles  £#.  aspera,  but  has  not 
the  scabrous  surface  of  that  species,  nor  has  it  the  same  habit. 

82.  L.  TRICOLOR,  Fr. — Ad  ramos  dejectos  in  sylvis  humidis. — 
N.  and  S.  C.     Item,  R.  Island.     Mr.  Metcalf 

83.  L.  Klotschii,  Berk. ! — Ad  trnncos  dejectos.  Oct-March. 
N.  and  S.  Gar.     Item,  R.  Island.     Mr.  Bennett. 

84.  L.  STRIATA,  Fr. — Ad  lignum  aridum.  Society  Hill  and 
Santee  Canal,  S.  Car. 

85.  L.  coRRUGATA,  Fr. — ^Ad  ramos  Castanes.  R.  Island.  Mr. 
Metcalf;  Mr.  Bennett. 

86.  BoLETDs  EL£GAHs,  Schum. — Ad  terram.  Aestate.  Hilts- 
borough,  N.  C. 

87.  B.  TERsiPELLis,  Fr. — Ad  terram.  Aug.  Hillsborough,  N.  C. 

88.  B.  RiTBiGiNosus,  Rctz. — Ad  terram  in  sylvis.  Sept.  Hills- 
borough. N.  C. 

89.  PoLYPORDs  ARCuLARius,  Fr. — ^Ad  ramos  dejectos  in  humi- 
dis.    May.     Raleigh,  N.  0. 

90.  P.  BoucHEANus,  Fr. — Ad  ligna.  July,  Aug.  Hillsborough, 
N.  C.   Item,  Ohio!  Mr.  Lea;  and  Penn  Yan,  N.  Y. !  Dr.  Sartwell. 

91.  P.  CuRTisii,  Berk. ;— pileo  excentrico  moUi-suberoso  sul- 
cato  zonato  ochroleuco  hie  illic  sanguineo-laccato ;  stipite  elonga- 
to  rugoso  sanguineo-laccato;  hymenio  ex  albo  ochraceo;  porie 
punctiformibus. — Ad  basin  truncorum.    N.  and  S.  Car. 

Cap  3-5  in.  broad,  convex,  more  or  less  grooved  and  zoned,  of 
a  rather  soft  corky  texture,  covered  with  an  ochraceous  often 
opake  laccate  crust  which  in  parts  is  sometimes  sanguineous* 
Substance  toward  the  tubes  cinnamon,  above  ochraceous,  not 
zoned,  traversed  with  laccate  lines  parallel  to  the  surface.  Bfar- 
gin  obtuse.  Stipe  2-5  in.  long,  i-1  in.  thick,  uneven,  shining. 
Hymcnium  white  becoming  ochraceous  and  brownish-cinnamon, 
sometimes  partly  laccate.  Pores  not  angular,  cinnamon  colored, 
stratose  within. — This  fine  species  is  closely  allied  to  P.  luddusj 
but  differs  as  above.  It  has  also  some  resemblance  to  P.  ochreo- 
laccatus.    Mont. 

92.  P.  ELEGAN8,  Fr.— Ad  terram.  Aug.  R.  Island.  Messrs. 
Metcalf  and  Bennett. 

93.  P.  Pes-caprs,  Pers. — Ad  terram  in  montosis.  Hillsbo- 
rough, N.  C. 

94  P.  LOBATUs,  Pr. — Ad  lignum  in  terra.  Hillsborough,  N.  C. 
Item,  Santee  Canal !  S.  C.  et  in  Georgia !  Mr.  Ravenel. — Habet 
odorem  fortem  farin®  recentis. 
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96.   P.  (Anodermei)  Garolinii:nsi8,  Berk,  and  Curt. ; — ^pileo 
molli-suberoso  reflexo  postice  effuso  insequabili  ochraceoalbido 
subaericeo  strigis  innatis  asperulo  subzonato ;  poris  mediis  denta- 
tis  acie  plus  minus  lacerata. — ^Ad  truncos  emortuos  Quercus  [et  ^ 
Liriodendri  ?]  Autumno,  Hieme.    S.  Car. 

Pileus  2-5  in.  broad,  ^-2  in.  long,  much  effused  behind,  some- 
times nearly  resupinate,  of  a  soft  corky  texture,  rugose,  slightly 
silky  with  innate  or  raised  strigee  which  sometimes  project  from 
the  sur&ce,  sometimes  nearly  smooth  with  innate  fibrillae ;  mar- 
gin acute.  Pores  of  the  same  color  with  the  cap,  middle  sized, 
)V  of  an  inch  broad,  dissepiments  thin  and  often  broken  up ;  some- 
times the  edge  of  the  pores  is  obtuse. — Resembling  P.  borealis, 
Pr.,  and  P.  Symphyton,  Schwein.,  of  a  looser  texture  than  either, 
and  with  larger  pores  than  the  former. 

96.  P.  (Placodermei)  paldstris,  Berk,  and  Curt. ; — pileo  car- 
Doso-suheroso  dimidiato  obtusissimo  cute  tenui  rivulosa  nitidius- 
cala  vestito ;  poris  niveis  non  stratosis  minutis  angulatis. — Ad  Pi- 
Dum  palustrem.     San  tee  Canal.     Ravenel. 

Pileus  2  in.  broad,  1  long,  i  thick,  subungulate,  clothed  with  a 
thin  rather  shining  cracked  ochraceous  cuticle.  Substance  white 
uniform.  Pores  about  two  lines  long,  minute,  white  within  and 
without,  not  at  all  stratose,  slightly  angular,  with  thin  dissepi- 
ments and  rather  irregular  edge. — Nearly  allied  to  P.  officinalis^ 
but  the  pores  are  smaller,  pure  white,  and  not  at  all  stratose ;  nor 
is  the  flesh  bitter  when  dry  or  easily  reduced  to  powder. 

97.  P.  8ALIC1NUS,  Pr. — ^Ad  truncos  putridos.  Santee  Canal. 
Ravenel. 

98.  P.  cABNEus,  Nees. — Ad  palos.    June.     Society  Hill. 

99.  P.  (Placodermei)  cupulaformis.  Berk,  and  Curt. ; — ^pileo 
pezizseformi  e  vertice  elongato  stipitato  albido  cinnamomeo  pu- 
henilo;  hymenio  plano-excavato  cinnamomeo;  poris  minutis. 
— Ad  corticem  Rhois  copallinae ;  S.  Car.  Castaneae  ;  R.  Island ! 
Mr.  OIncy.     Vere. 

Gregarious.  Cap  1-1 J  line  broad,  attached  by  the  vertex 
which  is  elongated  into  a  short  stem,  cinnamon  clouded  with  grey, 
slightly  downy.  Hymenium  sunk  below  the  swollen  margin. 
Pores  very  minute. — Allied  to  P.  jmllus.    Mont,  and  Berk. 

100.  P.  (Inodermei)  Xalapensis,  Berk.; — pileo  flabelliformi 
membranaceo  zonato  sericeo  glabrescente ;  poris  parvis  dissepi- 
mentis  tenuibus  membranaceis  hydnoideo-laceratis. — Ad  ramos 
dejectos  cariosos.    Oct.     Society  Hill. 

Cap  thin,  variously  lobed,  2-4  in.  long,  pale,  silky,  at  length 
nearly  smooth  and  shining,  repeatedly  but  delicately  zoned.  Hy- 
menium white;  dissepiments  becoming  soon  torn  and  toothed 
80  as  to  give  the 'appearance  of  a  Hydnum. — Closely  allied  to 
P.  elongatuSf  Berk. — ^This  species  was  first  discovered  in  Xalapa 
by  Mr.  Harris. 
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Art.  XX. — Connection  between  the  Atomic  weights  and  the 
physical  and  chemical  properties  of  Barium^  Strontium,  CaU 
cium,  and  Mag7iesium,  and  some  of  their  Compounds ;  by 
E.  N.  HoRSFouD,  Rumford  Professor  in  the  University  at 
Cambridge. 

Read  before  the  Cambridge  Scientific  Association  * 

The  great  discovery  of  isomorphism  by  Mitscherlich,t  and  the 
affiliated  one  by  Kopp,|  of  the  identity  of  the  specific  volumes  of 
isomorphous  bodies  are  among  the  brilliant  points  in  the  progress 
of  the  chemistry  of  this  century. 

The  latter  seems  to  have  had  its  origin  in  a  conviction  that  in 
the  atomic  weight  of  a  body — all  its  attributes  have  what  may  be 
denominated  a  product  expression.  The  factors  are/orw,  volume 
and  density.  Each  may  vary,  and  with  it  the  atomic  weight 
will  vary ;  for  example : — the  volume  and  form  being  constant, 
increase  of  density  will  be  accompanied  by  increase  of  atomic 
weight :  or  form  being  constant,  increase  of  density  will  be  accom- 
panied by  increase  of  atomic  weight,  or,  density  and  volume  being 
constant,  modification  of  form  will  influence  the  atomic  weight 

The  object  of  the  following  paper  is  to  show  that  the  proper- 
ties of  the  metals,  barium,  strontium;  calcium  and  magnesium, 
and  of  their  compounds  generally,  are,  in  their  intensity,  in  the 
order  of  their  atomic  weights.  It  will  be  seen  that  the  law  is 
more  true  of  the  first  three  than  of  these  taken  in  connection  with 
the  fourth. <^ 

The  signification  of  the  term  intensity,  as  used  above,  may  be 
thus  illustrated.  Sulphate  of  baryta  requires  43000  parts  of  water 
for  its  solution.  Sulphate  of  strontia  15029  parts  at  11°  C.|| 
Sulphate  of  lime  (CaO,  SO,,  2H0)  in  380  parts  of  cold  water, 
and  388  parts  of  hot  water,1f  and  sulphate  of  magnesia  with  seven 
atoms  of  water,  0799  parts  at  ISTS^.** 

Solubilltf.  At  W. 

BaO,SO,  .        .      4300000  116  6 

SrOjSO,  .        .        .          1502900             917 

CaO,  SO,  .        .        .         46000             68- 

MgO,SO,  .        .        .                 0-79             60-7 

*  A  summary  of  some  of  the  conclusions  arrived  at  by  the  author  were  comma- 
nicated  to  the  Americao  Association  of  Geologists  and  Naturalists,  at  their  meeting 
in  Boston  in  1849. 

f  Ann.  Chim.  Phy&,  ziv,  1*72;  ziz,  860;  zxiy,  264,  266.  Pogg.  Ann.,  zii,  187; 
XXV,  800 ;  xlix,  401. 
t  Po^.  Ann.,  xlvii,  182;  lii,  248-262.  Ann.  Chem.  u-  Phar.,  xxxvi,  1. 
§  It  18  to  be  regretted  that  so  little  is  known  of  the  properties  of  the  oompoundi 
of  magnesia.  Their  eminent  solubility  in  water,  and  the  difficulty  with  which  an^ 
of  the  salts  of  this  base  may  be  made  to  crystallize,  have  made  this  field  of  investi- 
gation less  inviting  than  many  others. 

iBrandes  u.  SUber,  Br.  Aim,  xxxiii,  61. 
Giese.    According  to  Bucholx,  480  parts  cold  or  hot 
^  Gay  Lussac    The  anhydrous  sulphate  is  soluble  at  0°  C.  in  8*886  parts  of  water. 
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H^ee  inieMitf  is  ^e  same  at  degree  cf  wohMUty.  In  btfaer 
words,  the  solubilities  of  the  above  salts  are  in  the  order  of  their 
atomic  weights. 

The  truth  of  the  general  proposition  will  be  apparent  from 
considering  the  following  facts. 

f.  Barium  unites  with  two  atoms  of  oxygen,  and  is  stable  in 
this  state  of  combination  at  ordinary  temperatures.* 

Strontinm  and  calcium  peroxyds  hst  only  known  in  combina- 
tion with  water.f 

Magnesium  combined  with  two  atoms  of  oxygen  is  unknown. 

IL  Barium,  strontium  and  calcium  all  oxydate  at  ordinary  tem- 
peratures in  the  air. 

Magnesium  does  not. 

IIL  Barium  thrown  into  water  causes  decomposition  with  a 
stormy  evolution  of  hydrogen  gas. 

Strontium  and  calcium  are  bidth  dissolved  with  escape  of  hy-»< 
drogen. 

Magnesium  may  be  washed  in  water  that  has  been  thoroughly 
freed  from  air  by  boiling,  without  diminution  of  its  lustre. 

17.  Baryta  moistened  with  water  enters  irto  combination  with 
it,  attended  by  such  evolution  of  heat  as  melts  the  hydrate 
formed.! 

Strontia  falls  with  water  to  a  white  pulverulent  hydrate,  with 
the  production  of  intense  heat  Lime  similarly  treated  yields  n 
heat  that  will  fire  sulphur.^ 

Magnesia  in  uniting  with  water  is  but  slightly  heated.  || 

y.  Hydrate  of  baryta  loses  none  of  its  water  under  intense 
red  heauT 

Hydrate  of  strontia,  by  long  continued  red  heat,  melts,  and  by 
higher  heat  loses  dl  its  water.** 

Hydrate  of  lime,  by  moderate  red  heat  without  melting,  loses 
its  water. 

Hydrate  of  magnesia  loses  its  water  below  the  red  heat 

YL  Carbonate  of  baryta,  an  hour  and  a  half  exposed  to  the 
mo^  effective  blast  furnace  heat,  loses  its  carbonic  acid.ff 

Carbonate  of  strontia,  loses  its  carbonic  acid  in  the  strong  heal 
of  WCL  open  fire.H 

Carbonate  of  lime  is  decomposed  at  a  red  heat 

Carbonate  of  magnesia  loses  its  carbonic  acid  at  a  moderate 
red  heat. 

yn.  Selenite  of  baryta  and  selenite  of  strontia  are  insoluble 
io  water. 

*  TheoArd.    Ann.  Cbem.  PbTS^  Tiii,  808.    Rammelsbei^,  Pogg.»  xliy»  M>8. 

t  TTienanL  Ann.  Chem.  Phy»^  viii,  318.  %  Dol^reiner.    Schw.,  vi,  861. 

i  Aon.  Cbem.  Pliys.,  xxiii,  217.  I  H.  Davj. 

%  BndioU  n.  Gehlen,  iv,  268. 

**  Denham  Smith.    PhiL  Mag.,  ix,  87.    Fogg.,  xzxix,  196. 

tt  Abidi,  Pogg.,  xiii,  314.  %%  Hnd,  815. 
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gMmiite  of  lime  An4  ariwile  of  magiHiria  »e  digfaAy  MluUe 
m  water. 

VIII.  Biselenite  of  baryta  dissolves  with  difficulty  in  wi^r. 
The  same  is  true  of  the  corresponding  salts  of  strontia  aud 

lime. 

Biselenite  of  magnesia  is  a  doughy  deliqoesoei^  uncrystalliaa- 
ble  salt. 

IX.  Selenate  of  baryta  is  as  little  soluble  as  the  sulphate.* 
Selenate  of  magnesia  is  equal  in  solubility  to  the  sulpbate^t 

X.  lodid  of  barium  crystallized  with  an  atom  of  water,  is 
readily  soluble  in  water,  buc  does  not  deliquesce  upon  exposure  to 
the  air4    It  i^  deliquescent.^    It  is  not  fusible. 

lodid  of  strontium  is  readily  soluble  in  water. H  It  is  fusible 
below  red  heat 

Hydrated  iodid  of  calcium  may  be  crystallized.  It  deli- 
quesces on  exposure  to  the  air,T  and  fuses  below  red  heat. 

Hydrated  iodid  of  magnesium  crystallizes  with  difficulty,  and 
deliqueaces  readily. 

All  decompose,  when  heated  by  access  of  air,  into  metallic 
oxyds.  A 

XL  lodato  of  baryta  with  one  atom  of  water  is  soluble  in  1746 
parts  of  water  at  15°  0.  and  in  600  of  boiling  water.** 

lodate  of  strontia  with  six  atoms  of  water  is  soluble  in  342 
parts  of  water  at  16°  and  in  110  of  boiling  water. ff 

lodate  of  lime  with  five  atoms  of  water  dissolves  in  253  parts 
of  water  at  16°  C,  and  in  one  hundred  and  ten  parts  of  bculing 
water.:^: 

lodate  of  magnesia  is  soluble  in  water,  but  has  not  been  further 
examined. 

XII.  Bromid  of  barium  with  two  aloms  of  w«t«r  is  unaffected 
by  exposure  to  air. 

Bromid  of  strontium  with  six  atoms  of  water  loses  its  water  at 
a  feeble  beat.^^ 

Anhydrous  bromid  of  ealctqm  deliqiieaces  rapidly  in  the  air. 
That  with  one  atom  of  water  <^staUizes  with  difficikty  frrai  the 
aolution  of  bromid  of  calcium. 

XIII.  Bromates  of  baryta,  strontia,  lime  and  magnf«a  crystal* 
lize  with  water,  the  first  thoae  with  a  single  atom. 

Bromate  of  baryta  loses  its  atom  of  water  not  below  200°  C. 
Bromate  of  strontia  by  120°  C,  bromate  of  lime  by  180P  O. 
aad  bromate  of  nmi^nesta  at  oodtnary  temimatiires. 

XIV.  Bromate  of  baryta  dissolves  in  130  parts  of  cold  watet. 

*  Ben.  Pogg.,  xixii,  II.  f  Ben.  Scliw.,  zzni,  454 

1  Gay  LussBC                         §  O.  Henry.  |  Oaj  Lusaac. 
n  Bcrthemoi    J.  PfaanxL,  ziii,  416. 

*»  Bammeisberg.                  f\Thi±  tt^^^»^                  3§  L6wi^. 
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Biotnate  of  Mrontia  in  t6me  parts ;  bromate  of  lime  in  1 1  parts, 
woA  broitrate  tf  magnoBia  in  1*4  parts.* 

XY.  When  chlorid  of  beritim  is  formed  by  leading  the  vapor 
of  hjrdrochloric  acid  over  heated  baryta,  the  decomposition  is  at- 
tended with  the  evolDtkm  of  heat  and  a  red  light.  The  same 
phenomena  occur  in  the  similar  production  of  chlorid  of  stron*' 
tiam. 

That  of  chlorid  of  calcium  is  attended  with  heat  only. 

Chlorid  of  magnesium  cannot  be  formed  in  this  manner. 

XVL  The  specific  gravity  of  anhydrous  chlorid  of  bariirai  i» 
3-70S7,  of  chlorid  of  strontium  2'8U33,  of  chlorid  of  calcium 
2-0401.t 

XYII.  When  headed  in  dry  air,  cMorids  of  bariilm,  strontium 
and  calcium  become  alkaline ;  while  chlorid  of  magnesium  re- 
mains unchanged. 

XVIIL  Crystallieed  chlorids  of  barium  and  strontium  do  not 
diange  upon  exposure  to  the  air. 

The  chlorids  of  calcium  and  magnesium  deliquesce  rapidly 
apon  expoetire  to  the  air. 

XIX  Chlorid  of  barium  is  soluble  in  from  810&-6e85  parts 
of  cold  alcohol,  of  99*3  per  ct,  ami  in  4675  parts  of  boiling  al- 
cohol. 

Chlorid  of  strontinm  is  scduble  m  from  116*4*111-6  parts  of 
cold  and  in  262  parts  of  boiling  alcohol  of  99*3  per  ct.| 

XX.  Chlorate  of  baryta  requires  four  parts  of  water  for  its  so- 
lution. 

Chlomtesof  stfontia,  lime  and  magnesia  deliquesce  in  the  air. 

XXL  Chlorate  of  barjrta  is  insoluble  in  alcohol. 

Chlorates  of  strontia,  lime  and  magnesia  are  soluble  in  alcohol. 

XXII.  Phiorid  of  barium  is  readily  soluble  in  hydrochloric 
and  nitric  acids. 

Phiorid  of  (»dcium  is  slightly  soluble  in  boiling  acids,  lOid 
ioorid  of  magnesium  scareely  at  all  in  cold  or  hot  acids. 

XXIIL  Pluorid  of  barium  is  soluble  in  aqueous  hydrofluoric 
aeid ;  fluorid  of  strontium  less ;  fluorid  of  calcium  a  mere  trace, 
and  fluorid  of  magnesium  not  at  all. 
XXIY.  Nitrites  of  baryta  and  strontia  do  not  change  in  air. 

Nitrites  of  lime  and  nmgnesia  deliquesce  upon  exposure  to 
the  air.^ 

XXY.  Nitrate  of  baryta  requires  20  parts  of  water  at  0°  for 
idution.  Nitrate  of  strontia  5  parts  of  cold  water.  Nitrates  of 
lime  and  magnesia  deliquesce  most  rapidly  in  the  air. 

XXYL  Nitrates  of  barjrta  and  strontia  are  not  soluble  in  alco- 
hol   Nitrates  of  lime  and  magnesia  are  soluble. 

•  Rammdabeiv.    Pogg.  Ana,  lii,  81.  +  Karsten. 

\  FrMenhuL    liebig's  Ann.,  Bd.  lix  117-128.  g  MitseherUoh. 
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XZ?II.  Cftrbonate  of  batryta  is  soluble  in  14137  parts  of  cold, 
in  15421  of  boiling  water.  Carbonate  of  etrontia  in  1^45  parts 
Qold  wat&r.  Carbonate  of  lime  in  10601  of  cold  and  8834  of 
boiling  water.* 

XXVIII.  Oxalate  of  baryta  with  one  atom  of  water  is  soluble 
in  200  parts  of  cold  or  boiling  water.f 

Oxalate  of  strontia  with  one  atom  of  water  is  insoluble  in  war 
terj — even,  in  boiling  water.^ 

Oxalate  of  magnesia  with  two  atoms  of  water  only  very  slight- 
ly soluble  in  water. || 

XXIX.  Formiate  of  baryta  is  soluble  in  4  parts  of  cold  water.t 
Formiate  of  lime  in  8  parts  of  cold  and  in  10  parts  at  19^  C.** 
Formiate  of  magnesia  is  soluble  in  13  parts  of  odd  water.ft 

.  XXX.  Sulphovinate  of  baryta  is  soluble  in  0-92  parU  of  water 
at  17°  Ctt 

Sulphovinate  of  lime  is  soluble  in  0-8  parts  of  water  at  17^  C.^^ 

XXXI.  Acid  urate  of  baryta  is  insoluble  in  water.  That  of 
strontia  somewhat  soluble  in  hot  water.  That  of  lime  of  diffi- 
cult solubility.  That  of  magnesia,  is  soluble  iu  3500-4000  parts 
of  cold  and  150-170  parts  of  boiling  water. |||| 

XXXII.  Neutral  alloxanate  of  baryta  is  less  soluble  than  the 
corresponding  salts  of  lime  and  magnesia. 

XXXIII.  The  above  salts  of  lime  and  magnesia  are  somewhat 
soluble  in  alcohol.     The  salt  of  baryta  is  not.VT 

XXXIV.  Ferrocyanid  of  bariiun  (Ba^Fe  CyJ  dissolves  in 
684  parts  cold,***  1800,ttt  and  in  116  parts  of  boiling  water. JJJ 

Ferrocyanid  of  strontuim  dissolves  in  2  parts  of  cold  and  1  of 
boiling  water. <^<^^ 

Ferrocyanid  of  calcium  deliquesces  in  the  air.|||||| 

Ferrocyanid  of  magnesium  with  12  atoms  of  water  dissolves 
in  3  parts  of  water. HUIF 

It  is  to  be  regretted  that  other  properties,  including  specific 
gravity,  specific  heat  and  light-refracting  and  heat-conducting 
power  have  been  so  little  studied.  Still,  enough  of  correspondence 
and  gradation  among  the  properties  of  the  compounds  of  this 
group  has  been  shown  to  establish  the  general  proposition  that 
the  intensities  of  their  chemical  attributes  are  in  the  order  of 
the  atomic  weights  of  the  metals,  and  lead  to  the  conviction 
that  other  attributes  might  be  found  to  be  in  similar  gradation  of 
intensity. 

♦  Fresenius.    Liebufs  Ana,  Bd.  lix,  8.  llT-128. 

f  Bucholz.  TaaoheBbiich,  18.  18.  %  Scheele.  §  Wackeitroder. 

I  Graham.  %  Arvidson.  **  GobeL  ff  Arvideon.  Jl  Magnue. 

§g  MarchanA  ||  Bensch.   Liebig's  Ann,,  liv,  189-208. 

%f  SchUeper,  liebig's  Ann,  B4  Iv,  ».  272-279.  *♦*  Dufloe.         ftt  Porret. 

ni  Duflofl.  §§§  Bette.  Ann.  Pharm.,  xxviii,  s.  54.  1 1 1  Ittner. 

^^%  Bette.  Ana  PKum,  xadi,  8.152;  xxiii,  8.115. 
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The  resistaruse  to  the  pasiage  of  an  electric  ctineot  through  the 
fluid  solutions  of  these  bodies  might,  it  wis  conceived,  be  in  the 
order  of  their  atomic  weights. 

To  ascertain  if  this  siippoation  were  fonnded,  an  apparatus  . 
was  employed  an  account  of  which  has  been  published  in  my 
paper  upon  the  resistance  of  fluids  to  electric  conduction,^  and 
may  be  referred  to  here,  as  a  perusal  of  this  description  wilt 
be  necessary  in  order  to  the  appreciation  of  the  application  of 
the  law. 

The  fluids  employed  were  nitrates,  hydrochlorates  and  acetates 
of  baryta,  strontia,  lime  and  magnesia. 

The  baryta  and  strontia  salts  were  prepared  from  the  sulphids 
(derived  from  the  native  sulphates  by  reduction  with  charcoal 
and  rye  meal) ;  the  lime  salts  from  the  hydrate,  and  the  magnesia 
salts  from  magnesia  alba. 

The  barium  and  strontium  sulphids  were  dissolved  in  the 
several  acids  with  slight  excess  of  acid  filtered,  neutralized  by   ' 
addition  of  hydrates  of  baryta  and  strontia  to  the  respective  so*, 
ktions,  concentrated  by  evaporation,  crystallized,  and  the  crystals 
washed  and  dissolved. 

The  hydrate  of  lime  was  dissolved  in  the  several  acids,  the 
solutions  kept  alkaline  by  excess  of  lime  to  precipitate  the  icon, 
filtered,  and  accurately  neutralized. 

The  magnesia  alba,  with  the  aid  of  heat,  was  dissolved  in  the 
several  acids  and  carefully  neutralized. 

A  saturated  solution  of  chlorid  of  barium,  the  least  soluble  of 
the  salts  employed,  at  16^  C,  bad  a  specific  gravity  of  1-042. 
The  solutions  of  the  other  chloridsand  remaining  salts  were  with 
great  care  brought  to  the  same  degree  of  dilution.  Two  series  of 
results  were  obtained  with  the  solutions  of  chlorid  of  barium  and 
chlorid  of  strontium.  The  series  in  column  L  were  with  solutions 
of  the  specific  gravity  above  mentioned.  The  series  in  column  II. 
with  these  solutions  diluted  with  equal  measures  of  distilled 
water,  presenting  in  an  equal  length  and  breadth  of  liquid,  twice 
the  depth.  It  will  be  seen  that  the  resistance  was  very  nearly 
the  same. 

The  solutions  of  1-042  specific  gravity  were  then  successively 
placed  within  the  galvanic  circuit,  and  a  constant  length,  breadth 
and  depth  of  the  liquid  maintained,  and  the  obstruction  they  pre- 
sented to  the  electric  current  replaced  by  windings  of  German 
silver  wire.  The  windings  correspond  to  and  express  the  resist- 
aoce  the  liquids  severally  presented. 

Table  L  presents  the  results  obtained  under  the  following  con- 
ditions. 

*  Pogg.  Aim,  Bd.  bo,  fl.  288,  and  Amer.  J.  Scl,  yd.  v,  il  ser^  1848,  84S. 
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Specific  gmTky  of  liqaid,  .  •  I'O^Ji 

Grott  section  of  liqaid,   .        .  0*00172  M. 

Length  of  layer,        ....  0*4  M. 
Strength  of  battery^  6  Bunseo'e  paim. 

The  exceptions  in  relation  to  the  results  under  IL  and  IIL  have 
already  been  alluded  to. 

Column  A  contains  the  number  of  experiments ;  column  B,  the 
degrees  of  deflection  of  the  magnetic  needle  as  indicated  by  the 
galvanometer ;  column  C,  the  windings  and  decimal  fractions  of 
windings  of  German  silver  wire,  as  indicated  by  Wheatstone's 
Regulator. 
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HThe  subsequent  experiments  were  made  with  the  platinum 
diaphragms  -26  M  asunder,  the  specific  gravity  10^  and  the 
remaining  conditions  the  same  as  in  the  experiments  above  re- 
corded. 

It  will  be  observed  that  the  resistance  is  pretty  nearly  in  the 
ratio  of  the  diminished  length  of  the  layer  of  liquid  in  the  case 
of  the  hydrochlorates.  The  waut  of  precise  correspondence  was 
ascribed  to  the  presence  of  chlorine  upon  the  platinum  plates  pro- 
ducing the  effect  of  so-called  polarization.  The  odor  ofchlorine 
was  remarked  in  the  experiments  with  the  hydrochlorates. 
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The  above  results  led  to  the  eonviction  that  ril  the  attribate^ 
of  these  metallic  bases  and  their  compounds  would  probably  be 
found  intense  in  the  order  of  their  atomic  weights,  a  eonviction 
which  I  expressed  after  presenting  a  summary  of  the  foregoing 
results,  to  the  meeting  of  the  American  Association  in  1847. 

I  had  then  project^  the  scheme  of  decomposing  the  several 
salts  of  these  bases  by  transmitting  steam  over  them  whfle  sub- 
jected to  heat.  Circumstances  prevented  my  realizing  this  inten- 
tion, and  in  the  following  year,  Mr.  Tilghman  of  Philadelphia,  to 
whom  my  researches  could  not  have  been  known,  as  they  bad 
not  been  published,  announced  the  results  of  a  series  of  most 
important  experiments — under  the  head  of  ''  Decomposing  power 
of  water  at  high  temperatures."* 

Mr.  Tilghman  found  that,  while  a  moderate  heat  was  required 
to  decompose  sulphate  of  magnesia  with  the  aid  of  steam,  a  higher 
one  was  necessary  for  sulphate  of  lime,  a  still  higher  one  for  sul- 
phate of  strontia,  and  the  highest  of  all  for  sulphate  of  baryta. 
Thus,  their  susceptibility  to  decomposition  is  in  the  order  of 
their  solubility,  viz. — 

1.  MgO,SO,  I  3.       SrO,SO, 

2.  CaO,S03  I  4.       BaO,  SO, 

This  research  fulfilled  my  expectations,  and  it  would  seem 
that  there  can  be  little  hazard  in  considering  the  above  facu  as 
illustrations  of  a  natural  law  applying  to  the  group  of  the  alkaline 
earths. 


Art.  XXI. — On  the  American  Prime  Meridian;  by  Professor 
J.  LovERiNo,  of  Harvard  University. 

As  extensive  circulation  has  been  given  in  the  pages  of  this 
valuable  Journal  and  otherwise  to  the  views  and  ar^ments  of 
those  who  advocate  the  adoption  of  an  American  prime  merid- 
ian, it  is  incumbent  on  those  who  entertain  serious  objections  to 
this  important  measure  to  state  them  fully  and  frankly;  and,  if 
possible,  in  season  to  prevent  the  consummation  of  a  change 
which  they  consider  uncalled  for  by  the  necessities  of  science  and 
disastrous  to  commerce.  The  remarks  which  I  propose  to  make, 
at  this  time,  ere  substantially  the  same  as  were  prepared  in  reply 
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to  a  printed  circular  addressed  to  me ;  which,  as  it  expresses  the 
history  of  the  measure  so  far  as  it  has  yet  proceeded,  more  felici* 
tously  than  I  can  hope  to  do,  I  take  the  liberty  of  introducing 
here  as  the  preface  to  what  I  have  to  say. 

••  Cambridge,  Mass^  Sept  17,  1849. 

Dear  Sir, — At  the  late  meeting  of  the  American  Association 
for  the  Advancement  of  Science,  held  at  this  place,  a  Committee 
was  appointed  upon  the  subject  of  an  American  Prime  Meridian, 
of  which  you  were  elected  a  member. 

This  committee  had  its  origin  in  the  following  circumstances : — 

Having  been  charged  by  the  Hon.  William  Ballard  Preston, 
Secretary  of  the  Navy,  with  the  duty  of  preparing  for  publication 
the  American  Nautical  Almanac,  provided  for  by  the  Act  of  Conr 
gress,  approved  March  3,  1849,  I  addressed  to  him  a  letter  con-  . 
ceming  the  prime  meridian  to  be  adopted  in  the  calculation  of 
this  work,  the  selection  and  determination  of  which  form  the  first 
step  in  my  progress. 

Mr.  Preston,  in  his  reply  (dated  August  7)  to  this  communicar 
tion,  directed  me  "  to  bring  the  subject  of  an  *  American  Prime 
Meridian'  before  the  American  Association  for  the  Advancement 
of  Science,  to  convene  at  Cambridge,  Mass.,  on  the  14th  instant, 
for  the  purpose  of  soliciting  the  opinions  of  the  principal  mathe- 
maticians and  astronomers  upon  that  highly  interesting  subject." 

In  compliance  with  these  instructions,  I  submitted  to  the  Asso^ 
ciation  a  paper,*  the  same  in  substance  as  my  letter  to  the  Hon. 
Secretary,  which,  upon  motion  of  Professor  A.  D.  Bache,  Super- 
intendent of  the  U.  S.  Coast  Survey,  was  referred  to  a  committee, 
consisting  of  twenty-two  members,  (whose  names  are  subjoined,} 
with  instructions  *  to  send  a  copy  of  their  Report  to  the  Hon, 
William  Ballard  Preston,  Secretary  of  the  Navy.' 

A  meeting  of  as  many  of  this  committee  as  were  then  present 
was  held,  and  a  sub-committee,  consisting  of  Lieut.  Davis,  Prof. 
Bache,  and  Lieut.  Maury,  was  appointed  to  conduct  the  corres- 
pondence, and  to  execute  the  instructions  of  the  Association. 

The  persons  composing  the  whole  of  this  committee  are  so 
remote  from  each  other  as  to  preclude  the  possibility  of  a  general 
meeting  to  discuss  this  question,  and  agree  upon  any  common 
report ;  it  has  been  determined,  therefore,  as  the  best  means  of 
obtaining  their  views,  to  address  each  member  of  the  committee 
separately. 

Accordingly,  I  have  the  honor,  as  chairman  of  the  sub-commit- 
tee, to  transmit  to  you  a  copy  of  the  paper  presented  to  the  Asso- 
ciation by  myself,  and  also  of  another  paper  on  the  Prime  Meri- 
dian, by  Professor  Holton,  referred  to  the  committee,  and  to  ask 
your  early  attention  to  this  communication. 

*  See  this  Joarnal,  vHi,  894,  November,  1849. 
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These  papers  will  serre  to  suggest  the  priDcipel  topics  to  which 
your  attention  is  invited,  and  will,  I  hope,  lead  to  a  free  commu- 
nication of  your  views  and  reflections.  It  is  not  impossible  that 
the  letters  of  the  committee  may  be  hereafter  officially  called  for ; 
you  are  requested  to  state,  therefore,  whether  you  object  to  hav- 
ing your  letter  printed,  and,  if  no  objection  is  given,  I  shall  feel 
authorized  to  make  it  public,  if  required. 

Very  respectfully,  Your  obedient  servant, 

Charles  Henrt  Davis, 
Lieut.  U.  S.  Navy,  Sup't  Nautical  Almanac. 

ProU  Joseph  Loveeikg,  Uniyersity  at  Oambridge,  Cambridge. 

List  of  the  Committee  on  the  Prims  Meridian. 

Pjrof.  A.  D.  Bachv,  Snp*t  U.  S.  Coast  SmVy.'Prot  Jobsph  Loykbino,  Cambridge. 
Lieut  M.  F.  Maubt,  Sup't  Nat.  ObserTat'y.jProfl  Wiujam  Smyth,  Bowdoin  CoDege. 
Prol  F.  A.  P.  BARNAaD.  Univ.  State  of  Ala.  Pro£  Joseph  Wiklook,  Shelby  OoO,  Kj. 
Pro£  Lewis  R.  Gibbes,  Charleston,  S.  C.    '  Prof  Geo.  W.  Coaklet,  St  James's  ColL,Ky. 
Prof.  Edward  W.  Couetenat,  Univ.  of  Va  Prof.  Curlet,  Georgetown  Oollcgre. 
Prof.  Stephen  Alexander,  Princeton  Coll  Pro£  J.  S.  Fowler,  Franklin  CoU.,  Teim. 
Prof  John  F.  Frazer,  Univ.  of  Penn.         Prof  James  Phillips,  Univ.  of  N.  Car. 
Prof.  H.  J.  Anderson,  New  York.  jProf  Wm.  H.  C.  Bartlett,  West  Point 

Prol  O.  M.  Mitchell,  Cincinnati  ,Prof.  Ebenezer  S.  Snell,  Amherst  CoIL 

Pro£  A.  D.  Stanley,  Yale  College.  Yrot  Alexis  Caswell,  Brown  Universtty. 

Hon.  Wm.  Mitchell,  Nantucket  Lieut  C.  EL  Davis,  Sup't  H  auti'l  Almanac** 

In  reply  to  this  circular,  I  addressed  the  following  remarks,  in 
substance,  to  Lieut.  C.  H.  Davis,  the  chairman  of  the  sub-com* 
mittee  of  the  Committee  of  the  American  Scientific  Associatioa 
on  the  American  prime  meridian. 

Engagements  which  could  not  be  postponed  have  prevented 
me  from  giving  a  more  prompt  reply  to  the  circular  addressed  to 
the  committee  of  the  American  Scientific  Association  to  whom 
the  subject  of  the  American  prime  meridian  was  referred.  Hav- 
ing read  with  interest  and  attention  the  papers  on  this  subject 
communicated  to  the  Association  by  Lieut.  C.  H.  Davis  and  Pro- 
fessor Holton,  I  desire  to  submit  the  following  remarks. 

No  other  matter  presented  to  the  Association  at  its  recent  meet* 
ing  seems  to  me  to  compare  in  practical  importance  with  this. 
Every  one  must  wish  to  see  the  influence  of  the  Association, 
whose  opinion  on  this  subject  has  been  solicited,  exerted  in  the 
right  direction,  so  as  at  the  same  time  to  promote  the  interests  of 
science  and  secure  the  respect  and  confidence  of  the  community. 
It  is,  therefore,  with  a  feeling  of  responsibility  which  I  would 
willingly  transfer  to  those  worthier  to  bear  it,  that  I  undertake  to 
offer  an  opinion  upon  a  subject  which  involves  considerable  in- 
terests, afleets  the  comfort  and  safety  of  a  large  class  of  citizens, 
and  perhaps  also  the  honor  and  prosperity  of  the  country  through 
much  of  het  future  history. 

The  real  question  I  have  to  consider  is  whether,  after  having 
eontinued  to  count  our  longitudes  from  Greenwich  since  we  have 
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had  a  political  existence,  we  eh^l  now  abandon  that  prime  me- 
ridian and  sabstttute  an  American  one  in  its  place.  The  Com- 
mittee of  Congress  to  whom  was  referred,  on  the  25th  January, 
1810,  the  memorial  of  William  Lambert,  recommended  that  "  in 
order,"  as  they  say,  "  to  lay  a  foundation  for  the  establishment 
of  a  first  meridian  in  this  western  hemisphere,"  it  is  expedient  to 
make  provision  by  law  for  determining  the  longitude  of  Wash- 
ington and  procuring  the  necessary  instruments  for  this  purpose. 
No  action  appears  to  have  been  taken  by  Congress  on  this  report 
of  the  conmiittee.  Although  the  subject  for  many  sessions  was 
pressed  upon  the  two  houses  and  varions  reports  were  made  upon 
it,  it  was  not  until  the  3d  March,  1821,  that  a  joint  resolution 
was  passed,  authorizing  the  President  to  employ  means  for  deter- 
mining the  longitude  of  Washington.  The  arguments  used  on 
the  occasion  represent  the  measure  as  the  preparatory  step  for 
the  establishment  of  an  American  prime  meridmn,  passing  through 
Washington.  Nothing,  however,  was  done  by  Congress  at  that 
time  which  committed  it  on  the  latter  question.  After  the  reso- 
lution just  referred  to  had  been  carried  partially  into  effect,  re- 
peated efforts  were  made,  during  the  administrations  of  Monroe 
and  of  Adams,  to  prosecute  the  subject  farther  and  establish  a 
National  Observatory,  but  without  success. 

The  good  sense  of  the  people  has  kept  them  in  the  right  track 
thus  far.  Occasionally,  in  our  school  atlases,  the  longitudes  in 
the  United  States  are  counted  from  Washington.  In  these  cases, 
we  generally  find  on  the  opposite  side  of  the  map  the  corres- 
ponding longitudes  as  measured  from  Greenwich.  In  more  im- 
portant matters,  as  the  regulation  of  chronometers,  the  construc- 
tion of  sea-charts  and  whatever  relates  to  geography  and  astron- 
omy as  well  as  to  navigation,  the  custom  is  universal  of  counting 
our  longitudes  from  Greenwich.  Lieut.  Maury  has  followed  this 
custom  in  his  charts  of  winds  and  currents,  and  Professor  A.  D. 
Bache  has  done  the  same  in  his  maps  of  the  coast,  although  he 
also  gives  the  longitudes  as  measured  from  some  one  of  the 
American  meridians. 

In  1810,  the  late  Dr.  Bowditch  declared  the  meditated  change 
of  the  first  meridian  from  Greenwich  to  Washington  to  be  inex- 
pedient, as  well  as  extremely'  difficult  if  not  impossible  unless 
the  government  incurred  the  expense  of  founding  an  Observatory 
and  publishing  a  Nautical  Almanac.  Dr.  Bowditch  did  not  ob- 
ject to  a  Nautical  Almanac  or  a  National  Observatory,  but  he  con- 
sidered a  good  survey  of  the  coast  more  necessary  than  either. 
The  liberality  of  the  government  has  provided  in  turn  for  all 
three.  Because  in  1810  Dr.  Bowditch  urged,  in  addition  to  other 
arguments  against  an  American  prime  meridian,  its  impractica- 
bility for  want  of  a  National  Observatory  and  an  American  Nau- 
tical Almanac,  and  because  he  declared  the  establirimient  of  such 
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aa  Almanac  and  stich  an  Obeervatory  to  be  the  only  effectual 
way  of  bringing  an  American  meridian  into  use  even  by  our  own 
countrymen,  advantage  has  been  taken  of  this  language  to  prove 
that,  at  the  present  day,  this  high  authority  must  be  considered 
in  favor  of  an  American  prime  meridian.  Such  an  inference  is 
based  on  the  presumption  that  whenever  any  change  beoomet 
practicable  it  is  therefore  to  be  desired  ;  and,  in  the  present  case 
at  least,  it  is  wholly  unwarrantable.  Whoever  will  consult  the  pa- 
pers of  Dr.  Bowditch  on  this  subject  in  the  ninth  and  tenth  vol* 
umesof  the  Monthly  Anthology,  will  be  convinced  that  the  prin- 
cipal force  of  his  argument  against  an  American  prime  meridian, 
is  just  as  pertinent  in  1850  as  it  was  in  1810.  With  or  without 
an  American  Nautical  Almanac,  Dr.  Bowditch  condemned  an 
American  prime  meridian  as  an  innovation  which  would  not  be 
*^  attended  with  one  real  advantage." 

In  a  Nautical  Almanac,  the  principal  object  of  which  is  to  give 
the  places  of  the  sun  and  moon  among  the  stars  and  planets,  at 
frequent  intervals  during  the  whole  day,  it  becotnes  necessary  to 
select  some  spot  on  the  earth  as  the  origin  of  absolute  time  and 
the  first  meridian  for  longitudes.  The  superintendent  of  the 
American  Nautical  Almanac  is  now  called  on  to  make  his  selec- 
tion. But  the  establishment  and  perfect  success  of  an  American 
Nautical  Almanac  will  in  no  degree  be  promoted  by  the  selection 
of  an  American  first  meridian,  as  the  basis  of  its  calculations. 
Lieut.  I>avis  observes :  '*  Our  National  Observatory  at  Washing- 
ton must  have  existed  half  a  century  before  it  will  be  able  to 
furnish  independent  observations  sufficient  for  the  determination 
of  a  correct  theory  of  the  moon  or  primary  planets.  But  these 
theories  are  already  calculated  from  the  observations  (begun  long 
since  and  uninterruptedly  continued)  at  the  old  established  ob- 
servatories of  Europe.  In  preparing  new  tables  I  shall  avail  my- 
self of  the  Washington  observations  to  the  utmost  extent  of  their 
utility." 

Thus  it  appears  that  the  materials  and  whatever  is  most  valuable 
and  indispensable  for  the  calculation  of  an  American  Nautical  Al- 
manac will  be  and  must  be  borrowed  from  Europe  for  many  years. 
I  see  no  reason  why  we  should  scruple  to  reckon  from  our  old 
prime  meridian,  even  if  it  do  intersect  countries  to  which  we  lie 
under  such  heavy  scientific  obligations.  Certainly,  if  the  British 
Nautical  Almanac  is  calculated  lor  Greenwich,  the  American  may 
be  also.  If  both  are  based  on  the  same  identical  observations,  it 
can  make  no  difference,  either  in  the  dispatch  or  accuracy  of  the 
work,  whether  the  calculations , are  made  at  Greenwich  or  at 
Washington.  Indeed,  I  think  it  will  appear  hereafter  that  a 
Nautical  Almanac,  wherever  calculated,  which  relies  on  Euro- 
pean observations,  can  be  calculated  more  accurately  for  an  Eu- 
ropean prione  meridian  than  for  an  American  meridian. 
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Let  us  next  coDstder  the  ehief  aim  contemplated  in  the  estab-* 
Itsbment  of  a  Nautical  Almanac.  There  can  be  no  doubt  that 
Che  British  Nautical  Almanac,  at  least,  was  designed  for  the  benefit 
fsi  seamen  ezcliisively.  Before  its  foundation  in  176.7,  each  navi- 
gator calculated  the  places  of  those  bodies  which  be  used  in  hi» 
reckoning  for  longitude  directly  from  the  tables.  Thus  he  waa 
liable  to  an  error  of  a  degree  or  about  sixty  geographical  miles, 
in  assigning  his  position  at  sea.  Then  it  was  propoised  that  the 
places  of  the  moon  and  other  useful  bodies  should  be  calculated 
from  the  tables  by  able  astronomers :  that  these  places,  corres- 
ponding to  short  intervals  during  the  day,  should  be  published; 
and  that  easy  means  should  be  furnished  for  interpolating  the 
place  of  any  one  of  them  at  any  moment  between  the  hours  fin^ 
which  the  places  are  given.  As  mttch  as  possible  of  the  btisioess 
of  oavi^ting  the  ship  was  to  be  anticipated ;  and  as  little  as  pos- 
sible was  to  be  left  to  the  navigator  himself,  to  be  done  by  him 
in  the  hurry  and  anxiety  of  the  moment.  It  was  supposed,  that 
calculations  made  under  the  most  favorable  circumstemces  and 
tested  in  manifold  ways  by  expert  computers,  must  vastly  trans* 
cend  in  accuracy  the  best  that  could  be  made  by  the  most  skilful 
sailor  amid  the  other  duties,  vexations  and  perils  incident  to  his 
piofession.  Such  I  believe  to  have  been  the  design  of  Nautical 
Almanacs,  whenever  and  wherever  they  have  been  instituted. 

The  same  considerations  dictate  that  no  innovations,  such  as 
the  change  of  an  established  prime  meridian,  whereby  fresh  per<» 
plexities  and  dangers  may  be  entailed  on  a  profession  already  too 
much  exposed  to  uncertainty  in  every  form,  should  be  made  with- 
out the  most  clear  exhibition  of  their  necessity.  I  do  not  8U|;>- 
pose  that  an  American  sea-captain,  qualified  to  navigate  a  ship 
across  the  Atlantic,  is  incapable  of  understanding  the  relations  of 
difierent  meridians,  and  of  allowing,  whenever  he  compares  his 
reckoning  with  that  kept  on  board  a  British  vessel,  for  any  differ- 
ence which  may  hereafter  exist  in  the  established  prime  merid- 
ians  of  Great  Britain  and  the  United  States.  I  only  say  that  this 
labor,  which  might  generally  be  done  with  accuracy,  would  occa- 
sionally lead  to  mistakes  and  ought  not  to  be  required  of  the 
navigator,  unless  there  is  some  uncontrollable  necessity  for  it. 
Otherwise,  the  very  class  of  men  for  whose  benefit  an  American 
Nautical  Almanac  should  be  designed,  will  be  the  most  injured  by 
it.  I  object,  therefore,  to  any  change  in  the  prime  meridian  to 
which  our  navigators  are  accustomed,  on  the  ground  that  it  fur- 
nishes new  occasion  for  error,  which  no  one,  however  careful  and 
however  accomplished,  can  always  avoid,  and  that  it  introduces  a 
daily  inconvenience  into  the  life  of  every  American  navigator, 
and  subjects  him  daily  to  one  new  chance  of  disaster. 

Other  countries,  we  are  told,  in  the  development  of  their  re- 
aooices  and  tbair  soience,  bave  established  a  prime  oisridiao  in 
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their  own  territories:  why  should  not  the  United  States?  The 
example  of  the  E!tiropean  governments  can  have  little  value  for 
us  in  a  nautical  point  of  view.  Their  commerce  on  the  ocean  is 
comparative!  jr  circumscribed ;  and  even  did  they  adopt  the  prime 
meridian  of  Oreenwich,  they  are  debarred  from  a  free  intercourse 
with  each  other  and  with  British  and  American  vessels  by  a 
strange  language.  Besides,  in  countries  where  the  people,  from 
their  habits  or  their  landlocked  position,  are  so  much  more  with- 
drawn from  maritime  pursuits  than  we  are,  we  should  expect  that 
their  almanacs  would  consult  more  the  want  of  astronomers  and 
less  the  convenience  of  navigators.  There  is  not  one  of  these 
countries  which  is  not  obli^,  as  soon  as  it  comes  oat  into 
the  ocean,  to  defer,  to  some  extent,  to  the  meridian  of  Green- 
wich in  its  use  of  chronometers  and  charts ;  and  some,  having 
learned  by  experience  the  folly  of  an  assumed  independence 
which  worked  for  them  real  mischief,  have  already  begun  to  re- 
Uace  their  steps  back  to  Greenwich. 

But  our  own  experience  and  judgment  are  worth  more  than 
the  example  of  any  foreign  nations.  We  speak  the  same  lan- 
guage as  the  British  navigator :  why  should  we  be  at  pains  to 
learn  a  different  scientific  dialect  ?  Why  should  we  endeavor  to 
forego  all  the  innumerable  advantages  we  derive  from  our  com- 
mon origin,  and  discard  an  existing  agreement  in  regard  to  scien- 
tific standards  which  other  nations  have  striven  so  long  and 
hopelessly  to  consummate  ?  The  communication  of  Lieut.  Davis 
does  ample  justice  to  the  importance  of  an  universal  prime  me* 
ridian.  There  is  no  reason  to  believe  that  a  single  first  meridian 
can  ever  be  established  by  the  common  consent  of  nations.  All 
desire  it,  but  how  many  will  agree  upon  the  choice  ?  Let  us  not, 
in  the  pursuit  of  this  chimera,  adopt  the  temporary  expedient  of 
an  American  prime  meridian,  and  thus  renounce  an  inheritance 
to  which  we  were  born ;  throw  the  whole  of  this  great  good  to 
the  winds :  and  postpone,  as  we  must  for  centuries,  the  realisation 
of  the  grand  desire  of  all  hearts  for  a  universal  meridian.  So 
long  as  America  and  Great  Britain  continue  to  use  a  single  prime 
meridian,  they  alone  can  make  that  meridian,  for  all  important 
nautical  purposes,  a  universal  prime  meridian,  and  we  at  least 
shall  enjoy,  not  in  prospect  but  in  immediate  fruition,  all  the  sub- 
stantial advantages  of  such  a  meridian. 

The  foregoing  remarks  are  designed  to  show  that  the  adoption 
of  an  American  prime  meridian  will  violate  the  spirit  in  which 
other  governments  have  established  Nautical  Almanacs,  and  will 
entail  upon  the  commerce  of  the  country,  for  several  generations 
if  not  forever,  an  amount  of  daily  inconvenience  and  danger 
which,  in  the  aggregate,  cannot  be  overestimated. 

I  now  propose  to  consider  the  reasons  that  are  urged  in  favor 
of  an  American  prime  meridian.    The  only  reason  of  a  scientific 
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efaaracter  which  has  been  given  for  the  jKropoeed  change  ia 
founded  upon  the  slight  error  which  still  affects  the  best  deter* 
mined  American  longitudes  as  reckoned  from  Greenwich,  arising 
firom  cor  ignorance  of  the  exact  breadth  of  the  Atlantic  ocean* 
Anaming  the  uncertaint7  which  still  exists  in  the  corrected  km- 
gitode  of  Boston  to  amount  to  two  seconds  of  time,  as  stated  by 
Lient.  Dayis,  this  is  equivalent  to  an  error  of  about  half  a  mile  i& 
longitude.  Half  a  mile,  under  the  circumstances,  is  a  large  error 
for  the  astronomer ;  but  to  the  navigator,  who  will  compare  it 
vith  other  errors  to  which  he  is  exposed,  it  will  appear  quite  in- 
significant. The  best  chronometers,  transported  in  the  British 
steamers  between  Liverpool  and  Boston,  are  liable  to  vary  four 
seconds.  The  errors  incidental  to  the  lunar  method  of  calcula- 
ting  a  ship's  longitude,  originating  either  in  errors  of  the  tables  or 
errors  of  observation,  are  sufficient  to  produce  an  imcertainty,  to 
the  unount  of  ten  miles  at  least,  in  regard  to  the  position  of  a 
ship.  The  lingering  error  of  half  a  mile,  which  still  disturbs  the 
longitudes  of  those  American  ports  whose  distance  from  the  con* 
tinent  of  Europe  is  most  accurately  measived,  is  small  when 
compared  with  the  fluctuations  of  chronometers  or  the  doubts 
which  beset  the  ordinary  methods  of  fixing  a  ship's  position  at 
sei.  Whether  the  error  is  large  or  small,  important  or  unimpor* 
tant,  the  (Nroposed  change  of  the  prime  meridian  from  Greenwich 
to  some  spot  in  America  witl  not  contribute  in  the  least  to  release 
the  navigator  from  the  effects  of  it.  I  will  suppose  a  ship 
which  counts  its  longitude  from  Greenwich  to  leave  Boston,  with 
its  chronometers  set  at  Boston  to  Greenwich  time.  These  chro- 
nometers may  differ  from  true  Greenwich  time  by  two  seconds, 
and  there  may  exist  an  uncertainty  to  that  anoount,  on  arriving 
upon  the  European  coast,  in  regard  to  the  precise  position  of  the 
Aip.  But  when  the  same  riiip  returns,  its  chronometers  may  be 
set  to  true  Greenwich  time.  Still  the  homeward  voyage  of  the 
narigator  will  be  no  surer  nor  safer  than  his  outward  voyage. 
For,  though  his  chronometers  may  be  correct,  he  knows  not  with- 
in half  a  mile  the  longitude  of  the  port  for  which  his  ship  is  des- 
tined. Suppose,  the  same  ship  to  start  again  upon  another  voy- 
age with  its  chronometers  arranged  to  an  American  prime  merid- 
ian. The  same  difficulties  will  rea[^)ear,  though  in  an  inverted 
order.  The  captain  leaves  home  with  his  chronometers  set  to 
true  American  time,  but  he  cannot  tell  within  two  seconds  the 
longitude  of  his  European  port,  and  on  this  account,  when  he  ia 
homeward  bound,  his  chronometers  must  be  stamped  by  the  same 
error  of  two  seconds.  In  other  words,  if  we  do  not  know  the 
exact  distance  from  Liverpool  to  Boston,  neither  do  we  know  any 
better  the  distance  from  Boston  to  Liverpool.  If  the  longitudes 
of  American  ports  as  counted  from  Greenwich  cannot  be  accu- 
rately given,  neither  can  the  longitudes  of  any  foreign  port  aa 
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connCed  from  an  American  prime  meridian.  The  importation  of 
a  p'ime  meridian  from  Ekirope  to  oar  own  territories  will  not,  I 
conclude,  operate  for  the  improvement  of  our  navigation. 

Neither  do  I  believe  that  o&r  knowledge  of  American  geogra- 
phy will  be  advanced  by  an  American  prime  meridian.  I'be 
longitudes  of  a  large  number  of  places  in  the  United  States  have 
already  been  determined  with  great  accuracy  by  the  usual  astro- 
nomical methods  or  by  the  transportation  of  chronometers;  and 
the  relative  differences  of  longitude  between  the  principal  spots 
on  our  coast  and  those  cities  and  observatories  whose  longitudes 
are  best  known  will  be  assigned  through  the  operations  conducted 
by  the  excellent  superinteiident  of  the  U.  States  Coast  Survey. 
Were  all  our  longitudes  to  be  calculated  from  observations  of 
eclipses,  occultations  or  transits,  so  rapidly  is  the  number  of  ob- 
servatories and  observers  increasing  over  the  whole  country,  there 
is  reason  to  believe  that  the  capital  places  in  all  the  stater  and  ter- 
ritories would  be  determined  in  this  way,  if  not  with  absolute 
precision,  with  all  the  accuracy  that  is  wanted  for  the  construction 
of  a  correct  geographical  map  of  the  United  States.  In  this  case, 
however,  not  only  might  the  absolute  distances  from  Greenwich 
slightly  iuctuate,  but  the  relative  distances  from  each  other  also. 
For  we  could  hardly  expect  that  the  longitudes  of  all  these  places, 
as  measured  independently  from  Greenwich,  would  be  determined 
with  equal  precision.  We  should  rather  suppose  that  the  meridi- 
ans most  remote  from  Greenwich  and  less  crowded  by  populattoa 
would  not,  in  general,  be  projected  so  carefully  as  the  nearer  and 
older  meridians.  But  the  transportation  of  chronometers  from 
place  to  place  will  give  our  relative  longitudes  independently  of 
any  uncertainty  as  to  the  exact  distance  between  the  eastern  and 
western  continents.  Thus  not  only  will  the  relative  longitudes 
be  known  as  accurately  as  they  could  be  with  an  American  prime 
meridian,  but  the  absolute  longitudes  of  each  and  all  from  Green- 
wich will  be  known  as  accurately  as  the  best ;  so  that,  hereafter, 
though  the  absolute  numbers  might  change  by  infinitesimal  quan- 
tities, the  relative  numbers  will  be  permanent  and  our  map  wiU 
be  permanent.  Moreover,  the  superintendent  of  the  U.  States 
coast  survey  has  applied  with  triumphant  success  the  admirable 
telegraph  of  Professor  Morse  to  the  determination  of  the  longi- 
tudes of  places  intersected  by  the  telegraphic  wires.  The  coun* 
try  is  already  traversed,  in  every  direction,  by  the  grand  tele- 
graphie  lines,  and  these  will  be  crossed  in  a  few  years,  at  a  mul- 
titude of  points,  by  a  finer  network.  If  we  wait  this  short  time, 
otir  relative  longitudes  will  be  ascertained  with  a  precision,  a 
simplicity  and  an  economy  wholly  unprecedented  as  yet  in  the 
scientific  history  of  any  country  in  the  world ;  and  without  any 
r^erence  to  our  first  meridian,  whatever  it  may  be.  The  map 
and  the  meridians  upon  it  will  never  fluctuate.  The  floating 
error  to  the  extent  of  half  a  mile  in  regard  to  the  exact  distance 
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between  Greenwich  and  Washington,  or  any  other  spot  in  Amer* 
ka,  this  error  or  uncertainty  in  regard  to  the  breadth  of  the  At- 
hmtic  ocean  on  which  so  much  stress  is  laid,  can  produce  no  more 
derangement  in  a  map  of  the  whole  or  any  part  of  the  United 
States,  than  when  we  push  a  map  from  one  side  to  the  other  of 
oar  table.  If  we  desire  to  unite  a  map  of  the  United  States  with 
a  map  of  Europe  so  as  to  form  a  map  of  the  world,  then  the  un- 
certainty in  question  will  manifest  itself.  But  no  alteration  ia 
oar  prime  meridian  from  one  place  to  another  will  remove  or  di- 
mioish  it ;  it  is  absolutely  insurmountable.  After  we  have  made 
oor  map  of  the  United  States  and  drawn  the  meridians  upon  it, 
the  selection  of  numbers  to  describe  these  meridians  is  a  question 
of  convenience  rather  than  of  scientific  accuracy.  If  we  count 
these  meridians  from  Greenwich,  the  difference  of  two  numbers 
▼ill  give  the  relative  difference  of  longitude  between  the  two 
meridians  to  which  they  are  affixed.  These  differences  will  be 
pennanent,  though  the  absolute  numbers  may  change  by  some 
eoDstant  quantity,  and  the  differences  as  well  as  the  absolute 
nombers  may  be  placed  upon  our  maps  and  charts  if  the  conven* 
ience  of  those  who  use  them  requires  it. 

1  am  not  able  to  see  that  any  other  scientific  operations  will  be 
materially  affected  by  the  substitution  of  an  American  prime  me- 
ridian for  that  of  Greenwich.  I  do  not  see  that  the  details  of  the 
American  Nautical  Almanac  or  the  calculations  of  those  who  use 
it,  whether  astronomers,  navigators  or  engineers,  will  be  ensured 
any  greater  accuracy  by  the  establishment  of  an  American  prime 
meridian.  The  uncertainty  to  the  amount  of  two  seconds  of 
time  in  relation  to  the  distance  which  separates  American  from 
European  meridians  must  vitiate,  and,  as  I  believe,  to  the  same 
extent,  all  onr  calculations  for  practical  and  scientific  purposes, 
ODtil  either  the  uncertainty  itself  is  removed,  or  we  are  prepared 
to  oiake  American  science  in  spirit  as  well  as  in  form,  wholly  in- 
dependent of  those  precious  results  which  centuries  of  labor  have 
garnered  up  at  the  venerable  observatories  of  Europe.  If  we 
Qse  an  astronomical  e|ri)emeris,  calculated  in  Europe  for  an 
Enropean  prime  meridian,  or  calculated  in  our  own  American 
almanac  from  European  observations  and  for  an  European  prime 
meridian,  the  uncertainty  of  which  I  speak,  though  it  does  not 
affect  the  ephemeris  itself,  will  affect  the  application  of  it  to  our 
own  meridians.  On  the  other  hand,  if  we  undertake  to  calculate 
an  ephenseris  for  an  American  first  meridian,  this  ephemeris, 
though  it  may  be  as  good  when  applied  to  one  American  meridi- 
an as  another,  will  be  inaccurate  for  all,  because  it  has  been  cal- 
culated from  Ehiropean  observations.  An  astronomical  epheme- 
ris, calculated  exclusively  from  a  long  series  of  American  observ- 
ations would,  I  doubt  not,  be  better  adapted  to  the  wants  of 
American  astronomers  and  serve  more  effectually  the  purposes  of 
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American  science  than  any  arrangement  whkrh  can  be  made  mider 
existing  circumstances.  No  one  looks  more  confidently  to  the 
future  to  realize  this  maturity  of  American  astronomy  than  I  do ; 
and  no  one,  certainly,  will  more  gladly  hail  it  when  it  shall  have 
arrived.  Long  before  the  advent  of  that  happy  day,  the  princi- 
pal difficulty  which  American  astronomers  now  experience  will 
have  vanished  of  itself.  For  it  cannot  be  that  the  costly  and 
elaborate  operations  which  the  government  are  now  condncting 
under  the  supervision  of  the  superintendent  of  the  coast  sc^rvey, 
with  the  object  of  ascertaining  with  greater  nicety  the  difference 
of  longitude  between  Cambridge,  U.  S.  and  Greenwich,  will  be 
of  no  avail. 

I  am  aware  that  an  American  prime  meridian  would  be  of 
some  convenience  to  the  single  observatory  through  which  it 
might  pass.  It  is  possible  that  an  ephemeris,  calculated  for  that 
observatory,  could  be  corrected  for  other  observatories  on  neigh- 
boring meridians  with  a  little  more  dispatch  than  an  ephemeris 
calculated  for  so  distant  a  meridian  as  that  of  Greenwich.  I  pre- 
sume, however,  that  a  little  more  time  and  care  will  ensure  as 
much  accuracy  in  the  latter  case  as  in  the  former.  At  any  rate, 
if  it  should  appear  that  the  astronomers  of  the  country  and  oth- 
ers whose  pursuits,  scientific  or  practical,  require  them  to  handle 
such  an  ep4iemeris,  would  be  essentially  accommodated  by  one 
which  is  calculated  for  an  American  first  meridian,  or  if  it  should 
appear  that,  in  the  opinion  of  those  who  have  charge  of  our  prin- 
cipal observatories  or  are  otherwise  most  competent  to  judge,  the 
interests  of  astronomical  science  would  be  materially  advanced 
by  such  an  ephemeris,  it  may  deserve  consideration  whether  one 
ought  not  to  be  provided  for  their  peculiar  benefit  and  that  of  the 
science  which  they  cultivate.  But,  in  our  desire  to  promote  the 
science  of  astronomy,  let  us  not  lose  sight  of  the  grand  aim  con- 
templated in  every  nautical  almanac ;  but  let  us  make  that  in  fact 
what  it  professes  to  be  in  name,  a  manned  for  the  advantage  and 
eeeurity  of  seamen. 

In  conclusion,  I  must  deprecate  any  attempt  to  bring  about  a 
change  in  the  first  meridian  used  in  this  country,  by  a  misplaced 
appeal  to  our  national  pride.  This  is  a  question,  partly  of  sci- 
ence, but  much  more  of  common  prudence ;  into  which,  if  na« 
tional  honor  enter  at  all,  it  can  only  be  to  forbid  the  contemplated 
change.  Politically,  we  are  independent  of  all  other  nations. 
But  in  science,  literature,  and  the  arts,  we  must  look  to  the  old 
world  for  the  most  perfect  models,  and  long  continue  to  draw 
from  its  rich  storehouse  much  that  we  prize  most  highly,  in 
thought  and  action.  We  are  dependent  on  the  old  world,  and 
England  particularly,  as  the  child  is  dependent  upon  the  parent, 
as  each  generation  is  dependent  upon  those  which  have  preceded 
it  and  have  contributed  to  its  own  greatness  and  glory.  No  ior 
gratitude  or  denial  on  our  part  will  relieve  us  from  this  depend- 
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ence.  By  the  enconragement  which  we  give  to  the  cnltiYaiiatt 
of  thie  science  in  this  land,  and  by  the  bright  example  which  we 
hold  up  to  the  world  of  a  just  as  well  as  a  free  government,  we 
may  hope  to  pay  back  a  part  of  the  great  obligation  under  whieti 
we  stand  to  the  older  nations  of  the  world  and  the  time-hallowed 
institutions  of  Ekirope. 

An  American  prince  meridian  will  make  American  science  iii^ 
dependent  in  name  only,  and  such  an  independence  can  deceive 
no  one  but  ourselves.  Certainly,  we  shall  not  be  so  blind  as  to 
be  deceived  by  it.  Every  thing  around  us  must  remind  us  of 
our  relations  with  the  old  world.  Our  ships  are  furnished  with 
the  chronometers  and  sextants  of  Great  Britain  and  France.  Our 
observatories  are  adorned  with  masterpieces  of  art  imported  from 
Munich.  Our  libraries  are  luminous  with  the  great  works  of 
Leibnitz  and  Newton,  Oalileo  and  Laplace.  We  must  wait  half 
i  century  before  we  shall  have  created  a  fund  of  observations  aC 
oor  own  observatories  which  will  make  us  independent  of  similar 
institutions  abroad.  How  much  longer  must  we  wait  before  we 
shall  have  American  observations  made  by  American  instruments? 
This  is  a  real  dependence.  Let  us  not  be  humiliated  by  it,  but 
rather  let  us  take  courage  from  it  to  imitate,  in  due  seaeon,  the 
honorable  achieirements  in  science  of  the  older  nations  of  the 
world. 

But  the  use  of  a  foreign  meridian  involves  no  dependence  what- 
ever. We  do  not  hesitate  to  reckon  our  latitudes  from  the  equa- 
tor, though  this  great  circle  does  not,  at  present,  lie  within  our 
own  territories.  Why  should  we  refuse  to  count  our  longitudes 
from  the  meridian  of  Ghreenwich,  even  if  it  be  a  line  intersecting 
some  foreign  country  ?  We  borrow  nothing  from  Great  Britain 
or  any  other  country  when  we  count  our  longitudes  from  Green- 
wich. It  belongs  to  us  and  to  whoever  chooses  to  use  it  for  this 
piffpose,  as  much  as  to  them.  It  belongs  to  us  as  much  as  the 
Euglish  language  belongs  to  us  and  whatever  else  that  is  valua- 
ble which  we  have  inherited  from  our  parent  of  the  old  world. 
It  belongs  to  us,  for  all  scientific  purposes,  as  much  as  the  earth's 
magnetism  or  the  sun's  light  and  heat ;  as  much  as  the  moon, 
planets  and  gtars ;  as  much  as  the  common  atmosphere  which 
warms  and  feeds  us  alL  There  is  no  property  in  any  of  these 
things.  They  are  the  common  property  of  all  who  think,  all 
orer  the  world ;  and  he  most  possesses  who  most  uses  them. 

Should  Great  Britain  and  America  ever  agree  to  adopt  an 
American  prime  meridian,  it  would  be  a  misfortune  to  us.  Should 
the  nations  ever  agree  upon  a  universal  first  meridian,  the  prayer 
of  these  United  States  ought  to  be  that  it  might  not  pass  across 
this  western  continent.  Of  all  nations  in  the  world,  we  can  least 
afford  to  sacrifice  our  coasters  to  the  perpetual  annoyance  they 
most  experience  in  crossing  it.  The  meridian  of  New  Orleans, 
which  ia  mrommend^rt  by  Lieut  Davis  as  the  first  meridiao  of 
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^18  country,  will  only  furnish  a  partial  remedy  for  this  incon* 
T6nienc6,  e^eially  when  we  consider  the  new  channels  opened 
to  our  commerce  by  our  enlarged  sea-coast  on  the  Pacific.  The 
old  maritime  nations  of  the  world  shifted  their  first  meridian  far- 
ther and  fJBurther  westward  as  their  geography  and  navigation  en- 
larged, that  all  their  commerce  might  be  conducted  on  one  side 
of  it.  In  this  respect  also^  the  meridian  of  Great  Britain  is  better 
adapted  to  the  wants  of  this  country  than  an  American  prime 
meridian. 

But  we  cannot  expect  that  Great  Britain  or  any  other  foreign 
nation  will  adopt  the  American  prime  meridian.  Indeed,  it  is  to 
be  feared  that  American  navigators  will  not  adopt  it.  They  will 
prefer  the  British  Almanac,  calculated  for  the  meridian  of  Green- 
wich, to  an  American  Almanac  calculated  for  any  other  meridian. 
History  declares  how  difficult  it  is  to  efiect  a  revohition  in  the 
daily  habits  of  a  large  class  in  the  community,  even  where  the 
change  is  confessedly  an  advantage  to  those  who  adopt  it.  The 
change  of  the  prime  meridian  from  Greenwich  to  America  prom- 
ises no  good  to  any  class  in  the  community ;  it  certainly  will  be 
attended  by  great  sacrifices  and  can  contribute  nothing  to  our 
honor  or  our  independence. 

The  following  memorial  to  Congress,  has  obtained  a  large  num- 
ber of  signatures  in  Boston  and  other  seaports  of  the  United 
States,  and  been  transmitted  to  Washington. 

^'  The  subscribers,  merchants,  underwriters,  and  shipmasters  of 
Boston  and  its  vicinity,  understanding  that  a  communication  has 
been  made  by  Lieut  Charles  H.  D^vis,  of  the  United  States 
Navy,  now  charged  with  the  preparation  of  an  American  Nautical 
Almanac,  in  which  it  is  proposed  to  change  the  reckoning  of  the 
longitude  from  the  meridteui  of  Greenwich  to  some  place  within 
the  United  States,  beg  leave  respectfully  to  submit  to  you  our 
opinion  of  this  proposed  change,  and  its  probable  effects  upon  the 
navigation  of  the  country. 

'^  The  advantages  that  would  result  to  all  commercial  nations 
firom  marking  their  longitude  from  one  conmion  prime  meridian 
are  too  obvious,  and  have  been  too  often  stated,  to  require  any 
new  recital.  The  evils,  however,  which  might  be  supposed  to 
result  from  the  great  diversity  of  prime  meridians  have  been  of 
no  considerable  practical  importance  to  the  United  States :  oar 
navigators  have  hitherto  computed  from  Greenwich,  which,  being 
thus  common  to  them  and  Great  Britain,  forms  the  basis  of  the 
longitude  of  four-fifths  of  the  commerce  of  the  world.  This  me- 
ridian of  the  English  tongue,  as  it  may  be  called,  which  is  fixed 
upon  all  the  maps,  charts,  and  books  known  to  our  service,  it  is 
now  proposed  to  change.  We  are  not  possessed,  in  our  own 
knowledge,  of  a  single  good  reason  for  this  change ;  nor  can  we 
find  any  such  in  the  elaborate  and  aMy*dtawn  argument  of  LieuL 
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Dam  In  no  single  case  will  the  labor  of  the  navigator  be  abridge 
ed)  or  his  knowl^ge  of  hrs  place  upon  the  ocean  rendered  more 
certain ;  but,  on  the  contrary,  the  confusion,  incident  to  the  intro- 
duction of  a  new  meridian  into  his  books,  his  charts,  and  his 
memory,  will  be  attended  with  constant  perplexity,  miscalcuiar 
tion,  and  mistake,  which  must  cause  a  serious  increase  in  the 
hazard  of  all  the  lives  and  property  under  the  American  flag. 

"Permit  us  to  specify  a  few  of  the  evils  thus  predicted : — Is^, 
We  shall  have  introduced  upon  our  own  coast  the  east  and  west 
reckoning ;  and  although,  by  making  the  first  meridian  at  New 
Orleans,  most  of  the  coasting  trade  will  be  upon  one  side  of  the 
meridian,  yet  all  vessels  passing  to  the  coast  of  Texas  must  change 
their  longitude  from  east  to  west,  and  be  subject  to  all  the  per- 
plexities of  that  change.  2nd,  It  is  now  the  common  practice 
for  navigators  at  sea  to  communicate  to  each  other  their  longitude. 
This  practice  is  exceedingly  useful,  aiKl  has  often  led  to  the  cor- 
rection of  errors  which  must  otherwise  have  been  fatal.  But 
this  is  done  in  the  haste  of  passing,  often  in  storms  and  partial 
darkness, — conditions  very  unfavorable  to  hearing  and  under- 
standing  with  accuracy  even  the  simple  numbers  that  express  the 
degrees  and  minutes  of  longitude.  But,  if  the  proposed  change 
of  meridian  is  adopted,  another  element  must  be  introduced  in  all 
communications  between  English  and  American  vessels,  and  for 
a  long  time  between  American  vessels  with  each  other ;  and  the 
More  to  give  the  reckoning  as  from  Greenwich  or  New  OrleanSi 
or  to  bear  and  understand  it  rightly  when  given,  may  involve 
ship,  cargo,  and  navigators  in  one  common  ruin.  3d,  A  portion 
of  the  charts  used  by  United  States  navigators  are,  cmd  must  con- 
tinue to  be  for  an  inidefinite  period,  of  English  construction,  and 
consequently  marked  with  the  longitude  of  Greenwich.  To 
reduce  this  to  the  American  standard  upon  a  sudden  emergency, 
and  when  perhaps  surrounded  by  danger,  cannot  be  effected,  how- 
ever simple  the  operation,  by  all  persons,  without  occasional 
error;  and  it  must  be  remembered,  that,  in  these  cases,  life  and 
death  may  hang  upon  the  error  of  a  single  mile.  Some  of  these 
e?ils  may  be  of  a  temporary  nature,  which  will  pass  away  in  a 
few  generations,  with  the  loss  of  a  limited  amount  of  life  and 
property :  others,  however,  must  remain,  even  after  the  universal 
adoption  of  the  new  reckoning  by  all  the  navigators  of  the  United 
States,  and  the  substitution  of  books  and  charts,  for  all  parts  of 
the  world,  adapted  to  the  new  meridian. 

'^ Against  all  this  perplexity  and  mischief,  which  must  attend 
the  proposed  change,  its  advocates  have  not  pointed  out  a  single 
ooutUenxxiUng  practical  advantage ;  but  it  is  suffered  to  rest,  by 
Lieut.  Davis,  upon  a  supposed  scientific  necessity,  and  upon  con- 
liderations  in  some  way  connected  with  our  national  independence. 

^^  Waiving  all  observations  upon  the  assumed  scientific  neces- 
sity, save  the  tingle  one  that  we  are  unable  to  perceive  that  it  is 
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affected  in  the  least  degree  by  the  proposed  change,  we  beg  leave 
to  add  a  few  words  regarding  an  American  meridian,  as  conneeted 
with  our  hational  honor  or  independence.  Did  we  believe  it  tnie 
that  the  honor  or  independence  of  the  United  States  were  in  the 
least  degree  affected  by  coanting  our  longitude  from  a  meridian 
line  passing  through  an  English  Observatory,  we  would  readily 
encounter  all  the  evils  of  a  change ;  but  we  do  not  believe  that 
any  such  taint  rests  upon  this  practice.  We  received  this  mode 
of  counting  our  longitude,  as  we  received  our  language,  our  arts, 
our  names,  our  very  blood,  from  England,  our  parent  state.  The 
meridian  of  Greenwich  belongs  to  us,  in  common  with  the  Eng- 
lish nation,  by  right  of  inheritance  from  our  fathers,  who  helped 
to  rear  atid  support  the  observatory  first  established  there.  Our 
property  in  this  is  more  clear  than  in  the  compass,  the  chronometer, 
and  many  other  instruments  of  navigation ;  and  the  same  princi- 
ple of  an  ideal  independence,  which  shall  require  us  to  abiemdon 
the  meridian  of  Greenwich,  must  require  us  to  abandon  most  of 
our  instruments  of  art,  science,  literature,  and  even  our  language, 
for  we  hold  them  all  by  the  same  tenure;  and  the  question  will 
come  to  be,  not  what  we  shall  resign,  but  what  we  shall  have 
left.  Permit  us  further  to  observe,  that  this  state  of  ideal  inde- 
pendence, in  marking  the  longitude,  will  not  be  at  all  attained 
by  the  change  proposed.  It  is  intended  by  Lieut.  Davis  to  make 
the  prime  meridian  completely  dependent  upon  Greenwich.  It  is 
not  to  be  the  meridian  of  any  point  arbitrarily  assumed  at  New 
Orleans,  but  a  line  as  near  as  possible  to  90  degrees  west  of  Green- 
wich, which,  by  a  coincidence  purely  accidental,  passes  through 
or  necur  New  Orleans.  Indeed,  the  necessities  for  a  continued 
dependence  upon  foreign  observatories  for  observations  for  half  a 
century  is  distinctly  avowed.  Without  this  foreign  aid,  the  pro- 
posed almanac  could  not  be  prepared.  The  change,  then,  will 
be  merely  nominal.  We  shall  not  reckon  our  longitude  really 
from  New  Orleans,  but  from  a  point  90  degrees  west  of  Green- 
wich ;  and  the  longitude  of  Washington,  for  example,  will  not  be 
80  completely  described  by  saying  that  it  is  12  degrees  66  minutes 
east  of  New  Orleans,  as  by  calling  it  12  degrees  56  minutes  east 
of  a  meridian  90  degrees  west  of  Greenwich. 

"  In  conclusion,  and  after  a  review  of  the  whole  subject,  we  can 
perceive  no  reason  for  abandoning  the  meridian  of  Greenwich,  or 
any  other  of  the  common  property  of  civilization.  If  the  use  of 
the  instruments  of  art  or  the  methods  of  science,  introduced  by 
other  nations,  be  beneficial  to  us,  the  most  high-minded  and  truly 
independent  and  national  spirit  would  seem  to  dictate,  not  that 
our  practice  and  usages  should  be  changed,  but  that  we  should, 
by  the  cultivation  and  advancement  of  branches  of  knowledge, 
where  our  efforts  can  be  useful,  repay  to  mankind  the  advantages 
which  we  have  received  from  the  common  stock  of  civilization." 
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Ajct.  XXII. — On  Perfect  Miieical  InioncUion^  and  the  /undo* 
menial  Laws  ofMtieic  on  which  it  depends;  teith  remarks  show* 
ing  the  practicabilUy  of  aitaifnng  this  Perfect  Intonation  in  the 
Organ  ;  by  HcNitr  Ward  Poole,  Worcester,  Massachusetts. 

(CkMicliided  from  page  88.)* 

28.  Thc  opinion  has  been  very  generally  entertained  among 
mnsicians,  that  there  is  a  pecuh'ar  character  belonging  to  each  of 
the  keys.  We  should  not  have  considered  this  opinion  worthy  of 
notice  in  this  connection,  but  for  the  reason  that  many  have  at- 
tributed this  real,  or  supposed,  peculiar  character  to  temperament ; 
for  if  this  peculiarity  exists  in  nature,  and  is  inherent  in  music 
itself,  it  will  be  especially  manifest  in  a  system,  or  on  an  instru- 
ment, of  Perfect  Intonation.  If,  however,  temperament  is  the 
source  of  a  variety  which  is  so  highly  appreciated  by  some,  it  is 
certainly  an  argument  in  favor  of  temperament,  and  against  Per- 
fect Intonation. 

29.  We  have  before  us  a  musical  work,  of  no  small  reputation, 
from  which  we  copy  the  characters,  or  "  complexions,"  of  several 
of  the  keys.  *'  C,  Bold,  vigorous,  commanding.  D,  Ample,  grand, 
noble.  Db,  Awfully  dark  (!)  E,  Bright,  pellucid,  feminine. 
P,  Rich,  mild,  sober.  G,  Gay  and  sprightly.  A,  Golden,  warm, 
sunny.  Ab,  The  most  lovely  of  the  tribe ;  unassuming,  gentle, 
soft,  delicate  and  tender,  having  none  of  the  pertness  of  A  in 
sharps.  B,  (in  sharps)  keen  and  piercing.  Bb,  the  least  inter- 
esting of  any,  &c.,  &c."  These  ideas  have  been  formed  and  per- 
petuated by  a  sort  of  musical  creed,  and  is  said  to  have  for  its  au- 
thority, "  the  common  consent  of  musicians."  It  is  not  so  much 
our  purpose  to  oppose  this  beautiful  theory,  as  to  show,  that  no  ar- 
gimient  can  be  drawn  from  it  to  sustain  temperament.  If  tem- 
perament be  assigned  as  the  cause  why  the  key  of  A  differs  in 
character  from  the  key  of  Ab)  the  difference  must  be  found  in  the 
&ct  that  one  is  tempered  differently  from  the  other.  If  tempera- 

*  lo  oar  utiele  in  ^  last  No.  of  the  Journal,  we  ^ve  a  brief  account,  so  ffo*  as 
we  were  informed,  of  all  the  attempts  that  haye  been  made  to  attain  Perfect  IntO' 
nm^on.  Since  the  January  No.  was  issued,  our  attention  has  been  called,  with  no  little 
snrprise,  to  a  recent  No.  of  the  Westminster  Review,  toI  50,  page  258,  Am.  ed.,  in 
wbch  an  allusion  is  made  to  an  improvement  in  the  organ,  similar  to  oiu^,  which  has 
recently  been  brought  out  in  London,  by  CoL  P.  Thompson.  Of  the  details  of  CoL 
Tlionipeon's  invention  we  know  nothing,  as  our  knowledge  is  entirely  confined  to  the 
notiee  referred  to,  and  there  it  is  alluded  to,  shnply  to  illustrate  some  truths,  of  wfaidi 
we  are  now  endeavoring  to  convince  the  American  public  It  might  have  appeared 
remarkable  that  the  same  invention  should  have  been  made  at  the  same  time,  after 
the  flobjcct  had  been  reposing  so  ouietly  for  forty  ^rears — the  parties  being  so  remote 
Old  knowing  nothing  of  what  the  oUier  was  domg— if  the  history  of  science  did 
not  furnish  even  more  remarkable  instances  of  the  kind.  If  the  invention  in  Eng- 
famd  is  as  soooeeeliil  as  ours,  it  will  illustrate  this  simple  truth,  that,  in  the  course  of 
I  events,  the  time  dor  Ftrfeti  Intomatian  has  armed. 
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tneDt  was  adjusted  in  any  uniform  manner,  through  the  different 
classes  of  instruments,  and  by  different  tuners,  there  would  be  a 
show  of  argument,  in  the  &ct,  for  temperament  But  we  find  no 
such  uniformity ;  different  instruments  are  tempered  in  a  widely 
different  manner ;  and  on  one  instrument  the  key  of  A  is  tempered 
like  the  key  of  Ab  on  another.  If  an  instrument  be  tuned  in  the 
equal  ien^erameni^^vrhicAi  is  the  more  common  and  popular — 
every  key  is  tempered  precisely  alike,  and  consequently  all  peculi- 
arity from  the  cause  assigned  will  disappear.  ^If  an  alteration  of 
pitch,  either,  be  the  cause,  as  some  have  supposed,  of  this  peculiar- 
ity in  the  different  keys,  as  instruments  often  vary  from  one  an- 
other, in  pitch,  a  semitone,  it  will  often  be  difficult  to  decide  which 
is  the  "  soft  and  tender"  key  of  Ab,  and  the  "  pert"  key  of  A.  If  an 
organ  be  tuned  correctly  in  the  key  of  Ab,  (or  four  flats,)  and  the 
temperature  of  the  room  rise  a  few  degrees,  the  relative  pitch  of 
the  whole  organ  will  rise  a  comma,  and  the  music  played  in  the 
key  of  four  flats  will  have  the  character  (if  this  theory  be  correct) 
of  the  key  of  eight  sharps/* 

30.  Undoubtedly,  in  perfect  intonation,  a  certain  key  is  fre- 
quently more  appropriate  for  a  given  composition  than  any  other 
key ;  but  that  a  certain  key  gives  to  music  performed  in  it,  any 
such  peculiarity  as  we  have  quoted,  is  (in  our  opinion)  as  fanciful 
as  to  suppose  that  the  size  of  the  canvas  determines  the  character 
of  the  painting.  We  will  suppose  a  composer  has  an  idea  which 
he  would  express  in  a  soft  and  gentle  air ;  thinking  that  the  char- 
acter of  Ab,  renders  it  the  most  appropriate  key  for  the  expres- 
sion of  his  idea,  he  writes  his  music  in  that  key  and  arranges  it 
for  a  quartette.  He  executes  the  music,  thus  arranged,  on  his 
piano-forte,  and  the  soft  and  gentle  effect  desired  is  produced. 
He  then  gives  it  to  a  quartette  to  perform,  without  any  accompa- 
niment. They  take  their  pitch  a  semitone  higher  than  his  Ab, 
that  is,  exactly  in  his  "  pert"  key  of  A.     Would  the  composer 

*  There  is  something  so  very  imaginatiye  m  this  theory  of  the  different  kejs  having 
different  characters,  thki  one  might  reasonably  doubt  whether  soch  a  tbeoiy  had  anj 
supporters.  Sudi  however,  we  are  compell^  to  saj  is  the  fact — ^it  is  found  in  the 
booKs,  and  is  taught  at  the  present  da^,  \>y  many  teachers  of  reputation.  If  any  one 
still  doubts  the  fact,  we  would  refer  him  to  a  recent  number  of  the  London  Quar- 
terly Review,  vol.  88,  p.  274,  Am.  ed.,  where,  in  an  elegantly  written  article  on  **  Mu- 
sic, the  characters  and  complexions  of  the  several  keys  afford  the  writer  a  theme 
for  many  sublime  remarks,  as  if  the  theory  had  never  oeen  questioned.  **  A  whoU 
Bridgewater  treatise**  this  writer  says,  **  might  have  been  not  unworthily  devoted  to 
the  wonderful  varieties  of  keys  akine.  He  [the  composer]  knows  whether  he  r»- 
ouires  the  character  of  triumphant  praise  given  by  two  sharps,  as  in  the  HallelujsJii 
Chorus  of  Handel,  or  the  Sanctus  and  Hosanna  of  Mosarfs  Requiem ;  or  the  wild 
demoniac  defiance  (t)  of  C  minor,  as  in  the  allegro  of  the  Freiachiitz  overture ;  or  the 
enthusiastic  gladness  of  four  sharps,  as  in  the  sonj^  of  Di  Piacer ;  or  the  heart-chil- 
ling horror  (I)  of  G  minor,  as  m  Schubert's  Erl  Emg,  and  aU  the  Erl  kings  that  we 
have  known."  A  very  proper  reply  to  this  writer  in  the  Quarterly,  can  be  found  in 
an  article  on  **  Greek  and  Modem  Notation  of  Music,**  in  the  volume  of  the  West- 
minster,  to  which  we  have  already  refisrred  in  a  praviovM  note. 
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bimsetf  perceive  any  diflferenoe  in  the  efleet  of  his  mnsic  ?  We 
think  not ;  and  say  moreover,  with  confidence,  that  no  one,  in 
li9teDiDg  to  an  instmment,  to  the  pitch  of  which  he  is  not  ao- 
cnstomed,  can,  with  any  degree  of  certainty,  decide  in  what  key 
the  music  is  played.  A  flute-player  may  judge  correctly  as  to 
the  key,  when  listening  to  an  air  performed  on  his  own  flute — ^per- 
haps  a  flute  to  which  he  is  not  accustomed — ^for  diflferent  tones 
on  the  flute  have  different  qualities;  the  high  E,  for  instance,  has 
a  different  quality  from  the  Eb;  but  this  is  admitted  to  be  an  im- 
perfection in  that  instrument,  which  art  has  endeavored  to  ob- 
viate. The  character  of  music  depends  on  other  things  .than 
the  key  in  which  it  is  written.  Many  "  soft  arid  tender"  com- 
positions have  been  written  in  Ab,  and  many  of  an  opposite  char^ 
acter. 

One  key  is  more  appropriate  for  a  composition  than  another, 
for  the  reason  that  there  will  be  employed  in  that  key,  a  range  of 
sounds  which  are  best  adapted  to  the  quality  and  compass  of  the 
voices,  or  instruments,  for  which  the  music  was  composed  Thus 
if  a  melody  of  this  compass,  (an  octave  and  a  fifth,)  were  written 
for  a  soprano  or  tenor 
voice,  it  would  not  proba-  Ij?! 

bljr  be  placed  in  the  key  Q  ~ — P 1  " 

of  G,  Bs  in  that  key  the  ket  of  c      —    '  "^ —  

highest  notes  would  be  too 
high,  and  the  lowest  notes 
too  low  for  convenient  ex- 
ecution. Such  a  melody 
would  more  appropriately  Key  of  f 
be  placed  in  a  key  in  the 
vicinity  of  P.  Assuming 
F  to  be  the  best  key  for  it,  we  believe  that  the  nearer  the  key  it 
brought  to  P,  the  better  will  be  its  effect ;  that  is,  the  key  of  D 
will  be  better  than  C,  Bb  than  D,  and  E  better  than  Eb.  Mel* 
odies  of  small  compass  may  be  adapted  to  several  keys.  In 
different  collections  of  music  before  us,  the  Hundredth  Psalm — 
whose  melody  is  contained  in  the  compass  of  an  octave — is  writ- 
ten in  four  different  keys,  viz.,  P,  G,  Ab  and  A. 

31.  It  is  necessary  to  examine  more  particularly  than  we  have 
yet  done  in  this  paper,  the  subject  of  temperament,  if  we  would 
folly  understand  how  far*the  scale  of  the  common  organ,  with 
twelve  notes  in  the  octave,  when  arranged  in  the  best  possible 
manner,  falls  short  of  fulfilling  the  requirements  of  music.  As  we 
shall  have  frequent  occasion  to  refer  to  a  table  we  gave  in  the  Janu- 
ary No.  of  the  Journal,  (26.)  we  reinsert  that  taWe,  (see  next  page,) 
for  the  conrenience  of  those  who  may  not  have  that  No.  at  hand. 
It  was  shown  in  (11.)  that  four  prime  intervals  are  employed  in 
music,  viz.,  the  octave,  fifth,  major  third  9Xid  perfect  seventh.    It 

Sbooxd  Swum,  Yd  IX,  Ko.  29.— March,  1S60.  86 

Digitized  by  VaOOQ  IC 


802  H.  W.  Poole  on  Perfiti  Muiical  InJtonMtbm. 

appears  from  the  table  that  notes  whioh  vary  by  smaller  iutervals 
than  a  semitone,  result  from  combining  these  four  prime  chorda, 
lu  temperament,  these  four  chords  are  disposed  of  in  the  follow- 
ing manner.  The  octave  is  tuned  perfect.  For  the  perfect  sev- 
enth^ no  provision  is  made,  and  it  is  rejected  altogether.  The 
thirds  and  fifths  remain,  to  which  alone  temperament  is  applied. 


Signatoret. 

Key      Major 
NoTBt.  Rpconda. 

1 

MHJor 
Thirdi. 

ll 

Perfect 
Fonrthi. 

Perfect 
Fiftlu. 

'^1 
ll 

M^or 
SixOu. 

Msjor 
entks. 

1 

S  Sfiarps. 

B3     .C#3 

W 

E7   !E3 

F#3    F+, 

G#* 

A7 

A^i* 

33 

4  Sharps. 

E3    1F#3 

G^2 

A7 

A" 

B3    |BI?' 

C#2 

D7 

D#» 

E3 

3  Sharps. 

A3     B3 

C#2 

D7    lD2 

E»      Ef» 

F#»Gr 

G#a 

A» 

2  Sharps. 

D2    |E3 

F#» 

G7    (G* 

A» 

A*' 

ea    k:7 

c#» 

D» 

1  Sharp. 

G2    'A3 

BJ»          |C7     'C2 

D» 

E"    ipi 

F#« 

G* 

Natural. 

C2    ;d2 

E2        F7     F2 

G*      G#' 

A»      JB»>7 

B*     Ca 

1  Flat. 

F2     ^G2 

A2      ?>7Bb2 

C2        C*^l 

D>     Ebr 

E* 

F2 

2  Flats. 

Bb^  iC2 

1)1     ;Eb7 

G'      'a^^ 

c»     ;dI>7 

Eb» 

pa 

P#. 

G»    lib" 

A» 

Bb» 
Eb» 
Ab» 

3  Flats. 

Eh*  P2 

Ab^ 

Bb^ 

B» 

C«      iDl" 

D> 

4  Flats. 

Ab^  Bb^ 

Db* 
Gb» 

Eb=» 

E' 

Fi     ob' 

G> 

5  Flats. 

Db^  lEb^ 

F^ 

Gt>7 

Ab» 

A> 

BbM 

Cb7 

C'     |Db» 

The  principle  on  which  it  is  applied  will  be  seen  by  the  follow- 
ing example.  In  the  table  there  appear  two  E's,  one  obtained 
by  turning  a  major  third  from  C*,  viz.,  E»,  and  the  other,  E»,  a 
comma  higher  than  the  first,  obtained  by  tuning  a  series  oi  fifths 
from  the  same  C^.  It  is  proposed  in  temperament  to  use  one  E  for 
these  two.  It  is  evident  that  if  E  be  tuned  truly  as  a  major  third 
it  will  be  a  comma  too  flat,  in  a  series  of  fifths ;  and  also,  if  it  be 
tuned  truly  in  a  series  of  fifths,  it  will  be  a  comma  too  sharp,  as 
a  major  third.  As  the  error  of  a  comma  is  intolerable^'^  if  occur- 
ring in  one  place,  it  is  usually  divided  among  the  four  fifths,  and 

*  In  correcting  opiuions  on  this  subject,  which,  we  think,  are  erroneous,  we  hare 
already,  and  shall  again  refer  to  Prof.  Peirce's  treatise  *  on  Sound  ;**  not  because  the 
views,  to  which  we  take  exception,  are  peculiar  to,  or  original  with  him.  They  are 
also  ioxKti  ia  letlier  works  of  tJie  kind  or  high  authority.  We  have  referred  to  Prot 
Peirce's  treatise  because  it  b  more  conmion,  and  the  learned  Professor  is  at  hand  to 
correct  us  if  we  err.  In  treating  Thnpcramenty  in§  108,  he  says,  "The  principle  on 
which  the  reduction  of  notes  is  made,  is,  that  if  the  notes  differ  from  each  other  by 
only  one  vibratbn  in  eighty,  [or  a  comma,]  the  ear  can  hardly  perceive  the  differenee 
between  them,  and  the  substitution  of  one  of  them  for  the  other,  will  not  be  fatal 
to  harmony.**  This  is  another  point  which  the  ear  must  decide,  and  we  must  set 
against  the  Professor's  authority  not  only  our  own,  but  Ihe  experience  of  every 
tuier.  Instead  of  the  eiror  of  a  comma  being  an  interval  so  small  that  *^  the  ear 
ean  scarcely  perceive  the  difference,'*  a  twelfth  of  a  comma  can  be,  and  is,  perceived 
Vy  every  intelligent  tuner,  as  this  is  the  interval  by  which  he  leaves  the  fifth  flat,  in 
the  equal  temperament  But  a  fifth  a  whole  cornm4i  flat,  or  sharp,  is  probably  as 
^•eoriani^  tmA  "*  fatal  to  kanoony*'  as  any  possible  interraL 
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the  major  third.  By  flatting  the  fifths,  the  third  is  prevented 
from  being  so  sharp,  as  it  would  otherwise  be ;  and  sharping  the 
third,  will,  in  like  manner,  benefit  the  fifths.  Temperament^ 
therefore,  is  a  compromise  between  the  thirds  and  the  fifths,  in 
which  each  gives  up  more  or  less  oi  its  purity,  in  order  to  favor 
the  other  series  of  intervals. 

33.  Although  temperament  may  be  adjusted  in  many  different 
ways,  yet  every  possible  adjustment  can  be  classified  under  one,  or 
both,  of  two  general  sjrstems,  called  the  mean-tone  system  and 
equAL  TEMPERAMENT.  The  first  aims  to  preserve  the  perfection 
of  the  thirds ;  while  the  latter  .sacrifices  the  thirds,  and  gives 
preference  to  the  fifths. 

33.  The  first  is  called  the  mean-tone  system,  for  the  reason 
that,  instead  of  preserving  the  distinction  between  the  major  tone 
of  nine  commas^  and  minor  tone  of  eight  commas^  it  averages  the 
two,  and  makes  a  mean-tone,  of  eight  and  a  Aa(/' commas.  Con- 
sequently the  sum  of  two  mean-tones  equals  the  sum  of  a  major 
and  minor  tone,  or  a  perfect  major  third.  In  tuning  the  E  in 
this  temperament,  it  is  tnned  a  perfect  major  third  from  C,  or  E', 
as  we  express  it,  in  the  table.  This  E  not  being  high  enough, 
by  a  comma,  for  the  E  in  the  series  of  fifths,  the  error  is  divided 
equally  among  the  four  fifths,  viz.,  C  to  G,  O  to  D,  D  to  A,  and 
A  to  E,  and  each  is  left  flat  by  a  quarter  of  a  comma.  The  tun- 
ing is  continued  until  eight  notes  have  perfect  major  thirds,  and 
fifths  that  are  a  quarter  of  a  comma  flat.  These  are  all  the 
chords  that  can  be  used  in  an  instrument  of  twelve  notes  in  the 
octave.  In  this  system,  a  sharp  cannot  be  used  as  a  flat,  as  it 
will  be  false  by  the  enharmonic  diesis,  or  about  two  commas. 
This  is  the  interval  by  which  three  major  thirds  fall  short  of  the 
octave,  and  it  is  obtained  in  this  manner.  Commencing  with  C,  we 
tone  E,  a  perfect  major  third,  from  this  E,  tune  Gr#,  a  major  third  ; 
and  from  C,  an  octave  above  the  first,  tune  downward  a  major  third 
to  Ab.  This  Ab  is  not  as  low  as  Q#,  by  the  diesis ,  and  G#  will 
not  answer  at  all  for  Ab.  When 
common  organs,  which  have  but 

one  sound  for  G^  and  Ab,  are  tem-   ^^ ^. 

pered  on  this  system,  one  of  these  -^- 

notes,  usually  Ab,  is  left  so  false  that  it  cannot  be  used.  Some 
orgaus  have  an  Ab  supplied  by  a  different  pipe.  The  Temple 
organ,  in  London,  has  two  notes  thus  supplied,  Ab  and  D#,  by 
the  aid  of  which,  that  instrument  is  enabled  to  play  in  two  scales 
more  than  those,  tuned  in  this  temperament,  which  have  but 
twelve  sounds  in  the  octave.  The  mean-tone  system  bears,  in 
many  respects,  more  resemblance  than  any  other  temperament^ 
to  the  perfect  scale.  It  recognizes  a  distinction  between  sharps 
aod  flats,  diatonic  and  chromatic  semitones,  has  perfect  major 
thirds,  and  has  its  minor  thirds  nearer  to  perfection,  than  in  any 
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mher  temperament.  With  these  advantages,  howerer,  it  is  justly 
censured  for  its  discordant  fifths,  and  its  *'  wolfishness"  when  the 
modulation  is  carried  into  keys,  where  it  is  not  prepared  to  play. 

34  The  EQUAL  temperambnt  preserves  the  fifths  nearer  to 
perfection  than  the  mean-tone  system,  and  consequently  throws 
the  discord,  or  **  wolf,"  (as  it  is  termed  by  timers,)  into  the  thirds. 
The  fifths,  however,  although  they  are  favored,  are  yet  not  given 
in  perfect  tune.  It  is  found  in  perfect  tuning,  that  a  series  of 
twelve  fifths  will  end  a  comma*  higher  than  the  note  commenced 
with.  In  equal  temperament,  it  is  designed  to  make  the  series 
^rneet,  and  consequently  this  comma  is  equally  divided  among  the 
twelve  fifths,  leaving  each  a  twelfth  of  a  comma  flat  If  this  be 
accurately  done,  the  octave  will  be  divided  into  twelve  equal 
parts,,  and  one  fifth  will  be  equally  as  good  (or  bad)  as  another. 
To  set  this  temperament,  it  is  only  necessary  to  temper  the  fifths 
carefully,  as  has  been  stated,  without  regarding  the  thirds  at 
all.  The  major  thirds  will  be  found  sharp,  by  an  interval  eight 
times  as  large  as  the  error  in  the  fifths,  that  is,  tuH>  thirds  of  a 
comma.  The  minor  thirds  will  be  flat  three  fourths  of  a  comma, 
or  the  sum  of  the  temperament  of  the  fifth  and  the  major  third. 
As  it  is  designed,  in  the  equal  temperament,  to  have  every  chord 
of  the  same  name,  equally  tempered,  the  necessity  of  leaving  the 
thirds  in  this  condition  will  be  further  made  obvious.  The  third 
part  of  the  octave  must  be  used  as  a  major  third,  and  as  three 
perfect  major  thirds  do  not  equal  the  octave  by  the  diesisj  each 
third  must  be  sharped,  by  one  third  of  the  diesis,  or  ttpo  thirds  of 
a  comma.  Again,  the  minor  thirds  must  be  each,  one  fourth  of 
an  octave ;  but  four  perfect  minor  thirds  overrun  the  octave  by 
three  comnms  ]  this  excess  therefore  is  equally  divided  among 
the  four  minor  thirds,  and  each  is  left  flat,  by  three  fourths  of  a 
comma. 

35.  The  Equal  Temperament  has  this  great  advantage  over 
all  others — its  twelve  keys  can  all  be  used,  they  are  all  tempered 
alike.  The  ear,  too,  is  better  satisfied  when  all  the  chords  are 
equally  out  of  tune^  than  when  it  listens  to  constant  tcausitioa 
from  a  better  to  a  worse  chord.  It  can  also  be  demonstrated  that 
in  equal  temperament,  the  sum  of  the  temperament  of  all  the 
chords — if  the  instrument  be  used  in  the  twelve  keys-^will  be 
less  than  in  any  other.  Any  other  than  the  equal  system,  is  sim- 
ply an  attempt  to  improve  part  of  the  thirds,  by  sacrificing,  not 
only  the  fifths,  but  the  remaining  thirds. 

*  This  comma,  which  is  called  the  Pythagorean  eomma^  results  from  combining 
Ae  octave  and  fifth,  vhich  are  demed  from  the  primes  2  and  8 ;  and  consequently 
fiannot  be  mathwnaticaUy  the  same  as  the  comma  before  mentioned,  resulting  from 
the  fifths  and  thirds,  or  the  primes  8  and  5.  The  ratio  of  the  last,  as  before 
stated,  is  80 :  81 ;  the  ratio  of  the  Pythagorean  ewnma  is  624288 :  581441  or 
SO :  81,091463091068+.  It  wiU  be  seen  that  the  two  commas  are  yerj  nearly  the 
■unc,  and  to  consider  tham  the  mxam^  will  greatly  lin^lify  Hm  aDl^^  of 
ment^  while  it  will  not  involFe  aay  material  error. 
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36.  The  foHowiDg  table  will  exhibit  the  temperament  of  the 
prkicipal  chords  and  intervals  in  the  two  systems. 


(PiAhs, 

( Fourths, 

(  Major  ThWds, 

\  Mioor  Sixths, 

(  Minor  Thirds, 

)  Major  Sixths, 
Perfect  Sevenths, 
Major  tones  and  Ninths, 
Minor  Tones, 
Diatonic  Semitones, 
Chromatic  Semitones, 
Grave  chro.  Semitones, 
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Fiat. 
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Sharp. 
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i 

(C 

u 

Flat. 
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Sharp. 

i 

l( 

14 

Sharp. 
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(( 

Flat. 

i 

«( 

44 

Sharp. 

A 

tl 

4C 

Sharp. 

H 

cc 

44 

Flat. 

lA 

«t 

CC 

Sharp. 

i 

4( 

44 

Flat. 

37.  If  we  extend  the  science  of  music  and  musical  ratios  be* 
yood  the  limits  referred  to  in  (8.)  the  errors  from  temperament, 
in  the  meati-cone  system,  will  he  increased  by  the  addition  of  ttie 
diesis.  As  no  provision  is  made  in  either  sjratem  of  temperament 
for  the  chords  of  '^  perfect  sevenths,"  it  will  be  seen  from  the 
table  that  they  will  be  extremely  harsh,  being  false  by  about  a 
comma  and  a  half.  Thes6  two  systems  embrace  every  advan- 
tage that  can  be  found  in  any,  and  every  intelligent  tuner  knows 
that  no  mixed  system  embraces  advantages  beyond  either  of  the 
original  temperaments.  It  is  the  quack  and  pretender  only,  who 
professes  to  unite  in  one  system  the  advantages  of  both ;  in  other 
vords,  to  favor  the  fifths,  as  they  are  in  the  eqttalj  and  the  thirds, 
as  they  are  in  the  mean-tone  system.  It  is  certain  that  no  new 
system  of  tempering  twelve  sounds,  so  that  they  will  perform  cor- 
rectly the  office  of  several  times  that  number,  has  been  discov- 
ered during  the  last  century,  and  we  think  we  have  shown  that 
such  a  system  never  will  be  discovered,  while  the  laws  of  nature 
and  the  mathematics  continue  the  same. 

38.  In  whatever  manner  the  temperament  is  set,  the  best  chords 
are  given  imperfect,  and  this  imperfection  is  so  obvious  that  the 
eommon  ear,  entirely  unskilled  in  music,  can  most  readily  distin- 
goish  between  chords  that  are  tempered,  and  those  that  are  tuned 
perfecl/y.  We  are  so  constituted,  however,  (and  wisely  so,  of 
eoiuse,)  that  we  can  get  accustomed,  in  time,  to  almost  any  amount 
of  discord,  so  that  it  will  not  be,  to  us,  disagreeable.  It  is  said  that 
men,  whose  whole  lives  are  spent  in  riveting  the  plates  of  steam- 
boat boilers,  perceive  no  discord  in  the  harsh  clangor  of  their 
bosiness.  Such  artists  would  probably  prefer  a  tempered  organ. 
It  is  for  the  natural  and  uncontaminated,  as  well  as  for  the  culti- 
vated, ear  to  appreciate  fully  the  beauty  and  perfection  of  piure 
harmony.  The  best  tuners,  in  our  large  manufactories  are  fVee 
to  confess  that  there  is  but  little  musical  satisfaction  in  leaving 
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an  instromoDt,  which  has  been  coiistnicted  carefully  in  all  its  parts, 
out  of  tune, 

Notwich^anding  the  evidence  of  oar  senses,  that  the  perfect 
scale  is  most  pleasing  to  the  ear — notwithstanding  the  sure  dedoc- 
tioos  from  the  mathematics,  there  are  those  who  speak  and  write 
against  perfect  intonation.  "  Why,"  it  is  asked,  "  if  it  was  in- 
tended, in  nature,  that  music  should  be  in  perfect  tune^  has  a  tem* 
pered  scale  been  used  for  so  many  centuries?"  Admit  such  an 
objection,  and  there  is  an  end  of  all  invention  and  discovery,  in 
this,  and  every  other  science.  Against  the  greatest  invention  of  the 
age — the  electric  telegraph — the  same  objection  has  equal  force. 
So  long  as  no  mechanism  had  been  invented,  by  which  more  than 
twelve  sounds  could  be  conveniently  managed  by  the  performer, 
we  should  naturally  suppose  that  organ-builders  would  manufac- 
ture such  instruments  as  we  have,  and  give  to  them  the  best  tune 
they  could,  even  if  it  was  somewhat  imperfect ;  but  we  might 
not  have  expected,  that  learned  and  professedly  scientific  writers 
should  have  attempted  to  prove,  from  this  fact,  that  the  nature  of 
music  does  not  permit  its  chords  to  be  in  perfect  tune,^  It  has 
not  been  customary,  so  far  as  our  information  extends,  for  those 

*  Prof.  Peirce  again  says,  §116,  "  It  is  a  mistake  to  suppose,  as  some  have  done, 
that  temperament  applies  omy  to  instruments  with  ke  js  and  fixed  scales.  Singers, 
Tiolin-playen  and  aU  others  -who  can  pass  through  every  gradation  of  tone,  must  aU 
temper,  or  they  could  never  keep  in  tune  with  each  other,  or  with  themselves." 

*•  Any  one,  who  should  keep  on  ascending  by  perfect  fifths,  and  descending  by  oc- 
taves and  thirds,  would  soon  find  his  fundamental  pitch  grow  sharper  and  diarper, 
till  he  could  at  last  neither  smg  nor  play ;  and  two  violin-|3ayers  aooompaiiyiDg  each 
other  and  arriving  at  the  same  note  by  different  intervals,  would  find  a  oootinual 
want  of  agreement" 

With  r^;ard  to  the  statement  in  the  first  paragraj^  we  shall  now  take  occasioo 
oidy  to  say,  that  the  reverse  we  believe  to  be  true ;  and  it  appears  to  us  ooolndie- 
tory,  to  assert  that  singers,  to  sing  in  twu^  must  sin^  out  of  tune^  (for  this  i9  pre* 
cisely  the  meaning  of  temperament)  If  the  learned  Professor  will  visit  our  instru- 
ment in  Boston,  we  will  satisfy  him  that,  with  our  instrument  as  an  accompaniment, 
which  does  not  temper  in  the  least,  singers  find  no  difficulty  in  keeping  in  tune. 

The  second  paragraph  probably  refers  to  a  case  like  the  following,  which  has  often 
been  quoted  by  those  who  advocate  temperament  "  If  horn  C  we  ascend  by  foiu* 
perfect  fifths  and  descend  by  two  octaves  and  a  major  third,  we  find  the  last  note  a 
comma  higher  than  the  C  commenced  with.**  This  u  entirely  true.  Neither  can  we 
multiply  a  number  by  f *8,  and  divide  the  product  by  V^  And  }-'s,  and  readi  at  length 
the  original  number ;  for  this  reason,  nevertheless,  the  Profef^or  does  not  advocate  a 
temperament  in  the  mathematics.  The  supposed  trouble  with  the  violin-players  who 
trnve  at  the  same  note,  by  difibrent  intervals,  is,  that  they  will  not  arrive  at  the 
f  note,  but  different  ones ;  for  if  one  ascends  firom  0,  hj  four^fikt,  he  will  arrive 


at  a  different  note  from  the  other,  who  ascends  from  C,  by  a  major  third.  The  first 
would  find  himself  in  four  sharps,  while  the  other  would  be  m  the  natural  scale. 
The  first  would  be  phiying  (as  we  express  it)  Bs,  the  second  £>.  The  trouble  is  of 
the  same  nature  as  if  two  players  should  attempt  to  reach  the  same  note,  by  ascend- 
ing, one  a-  fourth,  and  the  other  a  fifth,  from  the  same  key-note.  But  no  music  re- 
quires either  of  these  impossibilities  to  be  done. 

It  was  perfectly  proper  to  treat  of  temperament,  m  a  scientific  work  of  this  kind, 
as  showing  the  best  that  could  be  done  with  twelve  sounds,  but  we  think  it  is  to  be 
regretted  that  imperfections  should  have  been  attributed  U>  mutic  as  a  science, 
ivhich  pertain  only  to  the  construction  of  musical  instrtuuents. 
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vfao  profess  to  treat  tho  natwrU  seienca,  to  charge  nature  with 
imperfections^  but  rather,  if  possible,  to  discover  order  and  system, 
▼here  ooly  apparent  imperfections  were  visible.  Perhaps  scien- 
tific writers  on  music  are  the  only  exception  to  this  rule.  These 
imperfections,  however,  belong  entirely  to  their  theories,  and  have 
DO  existence  in  the  nature  of  music  No  science — not  even  thd 
mathematics — can  be  more  perfect  and  haimonious  than  music,  in 
the  department  which  relates  to  intonation. 

39.  But  melody  and  harmony  do  not  produce  all  the  effect  of 
mnsic,  for  much  depends  on  the  quality  of  tone,  rhythm^  expression, 
&c.  It  is  therefore  possible  that  tempered  music  may  be  pleas* 
iog,  if  good  in  these  last  particulars,  although  its  melody  and 
harmony  be  imperfect.  But  it  is  certain  that,  cesteris  paribus,  the 
more  perfect  the  intonation,  the  more  pleasing  will  be  the  music 
The  importance  of  absolutely  perfect  harmony  is  not  equally  felt 
ia  all  kinds  of  music.  In  dance  music,  for  example,  the  rhythm 
stands  prominent,  and  although  even  here  the  muMc  wouid  be 
best  if  performed  in  tune^  still,  in  quick  movements,  and  in  the 
rapid  flight  of  notes,  the  attention  is  diverted  from  the  imperfsc^ 
tion  in  the  intervals. 

40.  Church  music,  perhaps  more  than  any  other,  depends,  for 
its  excellence,  almost  entirely  upon  its  harmony.  From  church 
mnsic,  are  necessarily  excluded  many  qualities  which  add  much 
interest  and  character  to  other  kinds  of  music  As  its  movement 
is  slow  and  regular,  any  excellence  or  defect  in  its  harmony  is 
most  apparent  The  instrument  which  has  long  been  used,  and 
is  best  adapted  as  a  guide  and  accompaniment  to  voices  in  church 
mnsic  is  the  organ.  For  this  purpose  it  is  the  instrument  of  all 
instruments,  as  its  derivation  (t6  %ayoy)  also  signifies.  It  is  su- 
perior to  ail  others,  in  the  volume  of  sound  and  number  of  parts 
which  can  be  brought  under  the  control  of  a  single  player — 
it  excels  in  keeping  in  tune,  and  can  sustain  steadily  its  sounds 
for  any  length  of  time — it  will  give  its  sounds,  also,  with  a  cer- 
tainty which  even  violins  cannot  always  attain.  For  although 
these  stringed  itistruments  admit  of  perfect  intonation,  yet  it  re- 
quires a  skill,  which  very  few  artists  possess,  of  always  striking 
at  once  the  desired  note.  The  exact  relative  pitch  of  every 
pipe  in  the  organ  can  be  adjusted  by  the  tuner  at  his  leisure,  so 
that  (with  proper  precautions)  he  may  be  sure  of  its  sound 
whenever  it  is  used.  If  the  tuner  leaves  an  interval  false,  it  is 
beyond  the  power  of  the  organist  to  improve  it ;  in  this  respect, 
the  violin  has  an  advantage  over  the  organ,  for  if  a  string  of  the 
YvAm  fall  from  its  true  pitch,  skill  of  the  artist,  in  execution,  can 
overcome  the  difficulty. 

41.  Perfect  tune  has  been  for  centuries  the  great  desideratum 
in  the  organ  and  instruments  of  this  class.  In  the  tempered  organ, 
the  tuner  leaves  no  chord,  except  the  octave,  in  perfect  tunci  and 


Digiti 


zed  by  Google 


HOS  H.  W.  Poole  on  Perfiet  Muikal  Inionaii&HH 

hence  p^haterer  the  beit  orgmist  attempts,  must  be  imperfeetly 
done.  So  long  as  the  organ  is  nsed  only  as  a  solo  instrument,  as 
for  a  voluntary,  a  skillful  pefformer  is  able  in  some  degree  to 
cover  up  the  great  imperfection  in  its  tune.  By  ffreat  rapidity  of 
movement,  and  incessant  and  startling  transitions  from  key  to  key, 
be  may  divert  the  ear  from  criticising  the  imperfection  of  the 
chords.  Temperament  has  doubtless  done  much  to  form  a  style,, 
so  prevalent  at  present  among  organ  players  and  composers  for 
that  instrument — a  style  neither  dignified  nor  scientific.  Or- 
ganists and  composers  are  not  to  be  blamed  for  this  faulty  style, 
(or  a  style  which  would  be  faulty,  if  their  instmments  could  play 
in  tune ;)  for  being  unable  to  obtain  legitimate  harmony,  and  sat- 
iny themselves,  or  their  hearers,  with  dignified  compositions — 
which  show  most  conspicuously  the  defects  of  a  tempered  instru- 
ment— they  resort  to  other  expedients  to  please,  and  they  astonish 
their  hearers  with  remote  and  wonderful  modulations,  and  feats  of 
execution. 

42.  When  played  with  the  choir  the  defects  of  the  organ  are 
most  perceptible.  As  the  organ  usually  plays  the  same  parts  which 
the  choir  sing,  the  singers  must  temper  exactly  like  the  organ — 
which  probably  no  choir  was  ever  trained  to  do  accurately—- or 
there  will  be  a  continued  want  of  agreement  between  them.  A 
porfect  major  third,  a  child,  who  has  had  no  musical  instruction, 
will  strike  most  readily  and  almost  unconsciously,  for  it  is  in  the 
simple  ratio  of  4 :  5,  and  the  ear  instantly  detects  the  coincidence 
of  the  vibrations ;  but  a  tempered  major  third,  iuHhthirds  of  a 
comma  ehsrp^  he  knows  nothing  about ;  it  requires  the  skill  of  a 
scientific  and  well-drilled  musician,  to  give  it  correctly.  If  the 
singers  could  learn  to  temper  with  the  organ,  it  would  be  at  the 
sacrifice  of  that  pure  harmony  which  they  would  make  if  they 
sung  in  tune  without  a  tempered  accompaniment.  The  ordina- 
ry agreement,  (or  rather  disagreement, )  between  a  choir  and  oi^an 
accompaniment,  can  be  illustrated  to  the  eye  by  the  following  ex- 
ample. We  will  suppose  that  an  organ,  tuned  in  the  equal  tem- 
perament, is  accompanying  a  choir,  when  it  is  singing  the  com- 
mon chord  of  C. 

Choir,      0                                      E                                 G                            Bb 
I L J I 

Orgim,     0  Jb  G  W 

The  key-note  of  C  will,  of  course,  be  the  same  in  the  organ 
and  the  choir.  The  fifth  G,  of  the  organ  will  be  slightly,  but 
percetibly,  flat,  viz.,  one  twelfth  of  a  comma.  The  third  E,  of  the 
organ,  will  be  very  discordant  with  the  choir,  being  two-thirds  of 
a  comma  sharp.  If  Bb,  in  the  chord  of  the  seventh,  be  added, 
the  discord  will  be  much  greater  than  in  either  the  fifth  or  the 
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thirdf  the  ofgan  being  a  comma  and  a  quarter  too  sharp.*  The 
discord  is  more  conspicuous  when  the  organ  plays  the  vocal  parts, 
as  above,  than  when  it  plays  a  separate  accompaniment,  as  is 
sometimes  done.  A  tempered  instrument,  as  a  piano- forte,  may 
be  properly  used  in  this  manner,  as  an  accompaniment  only,  with- 
out impairing  materially  the  perfection  of  a  melody,  which  is 
sung  by  a  voice. 

43.  For  many  reasons,  some  of  which  we  have  stated,  it  has 
long  been  believed  by  musicians,  that  if  the  organ  could  be  con- 
structed to  play  in  perfect  tune,  and  could  be  managed  by  the 
organist,  it  would  be  exceedingly  valuable  for  aiding  the  songs  of 
sacred  praise  in  our  churches.  It  would  afford  to  singers  a  cer- 
tain guide  and  test,  and  would  harmonize  perfectly  with  their 
voices,  when  they  sing  in  a  manner  most  satisfactorily  to  them-^ 
selves  and  to  all  who  hear.  Having  ascertained  the  notes  which 
are  necessary  to  perfect  a  requisite  number  of  scales,  it  would  not 
be  difficult  to  construct  an  oi^au  with  pipes  which  will  give  all 
these  sounds,  and  a  wind-chest  containing  the  proper  number  of 
valves.  But  these  sounds  must  be  under  the  ready  control  of  the 
organist,  or  the  instrument  is  impracticable.  If  we  represent 
each  sound,  on  the  key-board,  by  a  separate  finger-key,  an  insuper- 
able difficulty  in  execution  presents  itself;  and  it  is  useless  to  talk 
of  what  the  key-board  might  have  been  made  originally.  Univer- 
sal custom  has  fixed  the  key-board,  and  it  would  be  as  impossible 
now  to  change  it,  as  to  introduce  a  radical  change  in  the  orthog- 
raphy of  our  language.  It  remains,  therefore,  to  invent  such 
mechanism  that  the  organist,  with  a  common  key-board,  can  con- 
veniently control  the  sounds  which  are  required  to  perfect  every 
musk^  scale,  in  which  the  instrument  plays.  As  these  difficul- 
ties of  mechanism  have  been  successfully  overcome  recently  in 
an  instrument,  to  which  allusion  has  already  been  made,  a  brief 
notice  of  it  may  be  proper  in  this  place. 

44  This  instrument,  the  euharmonic  organ,  invented  and 
built  by  Joseph  Alley  of  Newburyport,  Mass.,  and  the  writer  of 
this  paper,  is  now  set  up  in  Boston,  and  will  be  exhibited,  with 
pleasure,  to  all  who  may  take  an  interest  in  the  progress  of  musi- 
cal science.  It  plays  perfectly  within  the  limits  of  five  sharps 
and  five  flats,  both  inclusive.  The  theory  of  the  instrument  ren- 
ders it  perfectly  practicable  to  construct  one  of  any  size,  or  com- 
pass of  modulation,  even  to  twenty  sharps  and  twenty  flats,  if  de- 

*  Any  one,  irfao  vill  notice  the  singing  of  a  good  quartette  with  a  tempered  organ, 
roMj  perceive  the  variation  and  discord  of  the  organ  upon  these  thirds  and  sevenths, 
ytumvUarly  the  last.  For  this  reason  these  notes  are  oftentimes  omitted,  as  in 
chants  to  the  great  improvement  in  the  general  effect.  Good  natural  singers,  who 
give  their  thiids  and  sevenths  correctly,  on  first  singing  with  an  organ,  Imve  been 
aecuaed  by  orgamsta  and  ccmductors  ignorant  of  the  matter,  of  singing /a^  because 
bj  temperament  these  notes  on  the  organ  were  too  sharp, 
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sired  ;  but  it  is  very  rare  that  we  meet,  in  church  music,  with  a 
more  remote  modulation  than  is  provided  for  in  this  instrument. 
The  key-board,  and  the  method  of  fingering,  are  the  same  as  on 
the  common  tempered  organ,  and  the  only  addition  to  the  play- 
er's duties,  is  the  management  of  certain  pedals  which  must  occa- 
sionally be  pressed,  when  the  music  modulates  into  a  different 
key.  The  object  of  these  pedals  is  to  enable  one  finger-key  to 
open  either  of  two  or  more  valves.  For  example,  if  the  C4f  (or 
Db)  finger-key  be  pressed  when  the  music  is  in  the  scale  of  one 
flat  J  the  note  wanted  is  C#*  the  leading  note  to  D  minor,  (see 
the  table;)  but  if  the  music  is  in  the  scale  of  four  flats,  a  differ- 
ent note,  Db",  is  wanted  and  is  given  by  the  same  finger-key. 
The  A  finger-key  opens,  in  the  scale  of  C,  the  valve  to  A',  and 
the  same  finger-key  opens,  in  the  scale  of  G,  the  valve  to  the  pipe 
A*.  These  pedals  are  equal  in  number  to  the  scales  or  signa^ 
tures  in  which  the  organ  is  designed  to  play — each  pedal  belongs 
to  a  certain  signature,  and  they  are  arranged  in  their  natural  or- 
der, as  follows : 

MODULATION  PEDALS, 

&c.,  6b,  4b,  3b,  2b,  lb,  t),  1#,  2#,  3#,  4#,  6#,  &c. 

By  pressing  any  one  of  these  pedals,  the  action  is  brought  into 
such  a  position,  that  the  finger-keys  will  act  on  those  valves  (and 
no  others,)  which  are  required  in  the  scale  to  which  the  pedal  be- 
longs. The  act  of  putting  down  any  pedal  Will  always  draw  up 
any  other  which  may  be  down  at  the  time,  and  will  detach  from 
the  finger-keys  every  valve  not  wanted  in  the  scale  required. 

45.  To  illustrate  the  practical  operation  of  the  organ,  we  will 
take  a  tune,  which  is  entirely  in  one  diatonic  scale,  as  the  "  Hun- 
dredth Psalm"  in  the  key  of  G.  On  putting  down  the  1#  pedal, 
the  organ  is  in  readiness  to  play.  The  valves  of  the  pipes  be- 
longing to  the  scale  of  G,  are  connected  with  the  proper  finger- 
keys,  and  all  others  are  detached ;  consequently,  the  playing  of 
this  composition  on  the  enharmonic,  will  be  the  same  as  on  the 
common  organ.  This  however  is  a  simple  illustration,  and  before 
we  explain  a  more  complicated  one,  we  must  speak  fiurther  of  the 
plan  of  the  instrument. 

46.  As  but  seven,  of  the  twelve,  finger-keys  are  employed  to 
play  the  diatonic  scale  in  each  key,  to  the  remaining  five  finger- 
keys  are  brought  on  and  attached,  by  the  same  pedal  and  at  the 
same  time,  five  other  notes,  which  are  set  down  in  the  table  as 
<<  leading  notes  of  the  minor  scales"  and  '*  perfect  sevenths,"  and 
three  others  which  belong  to  the  adjoining  scales.  In  each  pedal 
will  be  found  the  following  chords,  viz.,  the  tonic,  the  dominant, 
and  subdominant — the  chord  of  the  relative  minor  (the  sixth  of 
the  scale,) — the  chord  of  the  mediant  (the  third,) — ^the  major  chord 
of  the  dominant  of  the  relative  minor — and  the  chord  of  the  sev- 
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enth  upon  the  tonic.  So  long  as  a  composition  iises  no  other 
chords  than  these,  there  will  be  no  necessity,  of  course,  to  change 
the  pedal.  But  most  compositions  either  modulate  into  the  adr 
joining  key,  (usually  the  dominant,)  or  at  least  pass  into  an  ad- 
joining scale,  by  using  chords  which  belong  to  that  scale.  When 
a  complete  modulation  is  made,  it  is  so  apparent  in  the  written 
music,  that  no  musician  of  ordinary  intelligence  can  fail  to  know 
it  But  as  certain  chords  are  borrowed  from  an  adjoining  scale, 
without  a  complete  modulation  being  made,  and  without  the 
change  being  indicated  by  accidentals,  the  whole  difficulty  in 
playing  the  organ,  will  be  in  not  understanding  when  these  chords 
occur.  A  little  attention  to  this  point  will  make  it  perfectly  clear. 
47.  The  chords  referred  to  are  only  two,  viz.,  the  chord  of  the 
relative  minor  of  the  subdominant,  and  the  chord  of  the  dominant 
seventh.  The  first  chord  will  be  found  in  the  subdominani 
pedal — the  first  pedal  to  the  left ;  the  second  will  be  foimd  in  the 
dominant  pedal — the  first  pedal  to  the  right.  Examples  of  the 
chords  we  will  write  in  the  key  of  C,  including  the  two  last, 
which  would  be  likely  to  occur  in  a  composition  in  that  key ; 
we  will  write  also  the  notes,  which  compose  each  chord,  and  the 
pedals  in   which  each  are  found.     The  chord  of  tlie  relative 


minor  of  the  subdominant,  is  founded,  not  upon  the  second  of  the 
scale,  but  upon  the  sixth  of  the  subdommate  scale^  which  note  is 
a  comma  lower  than  the  second  of  the  scale,  and  is  called  the 
grave  second;  and  this  chord  is  called,  for  brevity,  the  chord  qf 
the  grave  second*  In  the  example,  it  will  be  seen  that  the  only 
reason  for  pressing  the  F  pedal  is  to  change  the  second  of  the 
scale  of  C,  viz.,  D*,  into  the  grave  second,  D*,  the  sixth  of  the 
scale  of  F.  Again,  in  the  chord  of  the  dominant  seventh,  the  O 
pedal  is  put  down  to  change  the  fourth  of  the  C  scale,  F',  into 
the  perfect  seventh  of  the  G  scale,  F^ 

48.  All  other  chords,  than  these  two,  occurring  in  music,  which 
require  a  change  of  pedal,  are  indicated  in  notation  by  chromatics: 
and  it  is  believed  that  what  has  already  been  said  is  sufficient 
to  enable  any  one,  who  possesses  sufficient  knowledge  to  play 
the  common  organ  understandingly,  to  play  the  enharmonic  organ. 
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That  many  who  now  assume  to  {day  the  oi^n  in  our  churches, 
would  find  difficulty  in  playing  their  music  and  making  the  requi- 
site changes  with  the  pedals,  we  have  not  the  shadow  of  a  doubt 
To  such  we  would  recomend  a  course  of  study,  on  the  scientific 
principles  of  music ;  but  that  any  intelligent  organist  can  readily 
make  these  changes,  after  a  few  hours'  practice,  has  now  been 
abundantly  demonstrated.  By  practice,  the  organist  will  find  that 
the  music  can  be  played  with  much  fewer  changes  of  pedals  than 
he  would  probably  make  at  first.  He  will  find,  for  instance,  that 
when  the  dominant  seventh  is  followed  by  the  tonic  chord,  it  will 
not  be  necessary  to  change  to  the  tonic  pedal,  as  both  chords  are  in 
the  dominant  pedal.  It  will  be  found,  again,  that  the  change  of 
pedal,  which  would  otherwise  be  requisite,  to  perfect  the  chord 
o(  grave  second,  can  be  dispensed  with,  by  an  arrangement  in  one 
action,  provided  for  that  purpose.  As  the  first  finger-key,  below 
that  used  for  the  second  in  the  scale,  is  unemployed,  we  have  at- 
tached to  it  the  grave  second,  which  is  a  comma  lower  than  the 
second.  When  therefore  this  grave  second  is  required,  it  may  be 
obtained,  without  touching  the  pedal,  by  placing  the  finger  on 
the  first  key  below  the  one  which  gives  the  second.  It  can  be 
obtained  also  by  the  usual  fingering — if  the  player  prefers^by 
changing  the  pedal  as  before  directed.  To  obtain  the  gravs 
second  of  the  C  scale,  viz.,  D',  we  either  touch  the  Db  finger- 
key,  which  is  first  below  the  second,  D',  or  we  put  down  the 
F  pedal  and  touch  the  D  finger-key.  Elach  scale  is  furnished,  in 
like  manner,  with  its  grave  second* 

49.  The  action — which  is  the  chief  mechanical  peculiarity  in 
the  construction  of  the  organ,  and  on  which  the  patent  is  found- 
ed— is  of  such  a  nature,  that  it  operates  as  perfectly  in  practice 
as  we  designed  it  in  theory,  and  it  is  so  substantial  in  its  con- 
struction, that  it  will  bear  almost  any  amount  of  use,  and  stand 
almost  any  number  of  years,  without  getting  out  of  order,  or 
needing  repairs.  It  can  be  applied  to  the  largest  instruments,  as 
those  which  contain  the  four  organs,  viz.,  the  Great,  the  Swell, 
the  Choir,  and  the  Pedal  Organs ;  a  single  set  of  pedals  will  ope- 
rate, as  described,  upon  the  whole  at  once. 

Much  of  this  paper  we  have  devoted  to  considering,  what 
sounds  are  necessary  to  a  certain  number  of  perfect  scales  1  On 
these  points  we  have  asked  not  so  much,  what  is  authority  ?  as, 
what  is  truth  ?  We  have  been  compelled  to  difier  from  teachers 
in  this  science,  to  whom  we  look  up  with  veneration  and  respect. 
So  far  as  our  views  on  these  points  are  original,  we  commit  them, 
without  anxiety,  to  the  world,  to  share  such  a  fate  as  their 
merits  deserve.  But  a  distinction  must  be  made  between  our 
theory,  and  our  invention.  The  value  of  our  invention  will  not 
be  endangered  even  if  our  theory  of  the  musical  scale  should  fail. 
Our  instrument  plays  the  scale  which  we  believe  to  be  correct. 
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Onr  Tnechanism,  however,  is  as  well  adapted  to  play  any  other 
scale,  as  the  one  we  have  adopted. 

The  ostensible  design  of  our  invention  is  to  produce  harmony ; 
bat  even  those  who  delight  in  discord,  can  find,  in  our  instrn- 
ment,  a  source  of  attraction.  By  putting  down  the  modulation 
pedal  belonging,  for  instance,  to  the  scale  of  E,  and  playing  in 
the  scale  of  Ab,  they  will  be  furnished  with  an  amount  of  dis- 
cord,  to  which  our  common  tempered  instruments  bear  but  a 
fiuot  approximation.  To  express  the  eflect,  the  ordinary  term  of 
"wolf'  is  weak.  If  this  effect  be  too  severe,  any  less  amount  of 
discord,  or  temperament,  can  be  obtained  by  putting  down  a  less 
remote  modulation  pedal.  Discords  have  their  appropriate  place 
in  mcisic,  but  their  place  is  no^  in  a  common  chond,  or  where  the 
composer  designed  a  concord.  In  such  combinations  many  love 
pure  UARMONT,  and  we  are  among  that  number ;  this  can  be  ob- 
tained by  putting  down  the  modulation  pedal  belonging  to  the 
scale  in  which  the  music  is  written. 

60.  As  reference  lias  been  made  to  the  organ  of  the  Rev. 
Henry  Liston,  and  also  to  errors  (as  we  consider  them,)  in  his 
plan,  we  will  now,  as  we  promised  in  the  early  part  of  tiiis  paper, 
speak  of  his  plan,  and  show  also,  in  what  particulars  the  two  in* 
struments  resemble  each  other.  They  both  had  for  their  object 
PEETBCT  TUNE.  Both  Mr.  Liston  and  ourselves  investigated,  in- 
dependently, and  ab  iniegro,  the  phenomena  of  music,  to  ascertain 
vhat  sounds  were  necessary  to  a  requisite  number  of  perfect 
mosicd  scales.  We  necessarily  arrived  at  many  and  the  same 
troths ;  in  several  respects  also  we  differed ;  indeed,  our  plan  was 

Elected,  and  the  instrument  partly  completed,  before  we  saw  Mr. 
ton's  Essay.*  When  we  come  to  the  mechanism  for  carrying 
ioto  operation  our  separate  plans,  all  resemblance  ceases.  In  the 
theory  of  the  two  instruments,  the  great  difference  is  found  in 
the  perfect  seventh,  4:7,  in  the  chord  of  the  seventh,  for  which 
Mr.  Listen  made  no  provision,  but  used,  in  its  place,  the  fourth 
of  the  scale,  9 :  16.  This  combination  is  very  discordant,  and, 
when  the  ninth  is  added,  ( 17.)  is  so  harsh,  that  in  Mr.  Listen's 
opinion,  the  ninth  ought  not  to  be  used  with  the  seventh  in  this 
manner.  Again,  he  has  the  major  and  minor  keys  of  the  same 
letter — as  C  nugor  and  C  minor — ^founded  upon  the  safne  &«y- 
note  (27.);  and  he  makes  the  major  third  of  C  the  key-note  of 
four  sharps,  &c. — ^thus  destroying  the  series  of  perfect  Jifths  by 
which  the  keys  should  be  connect^  together.     In  the  mechanism 

*  We  take  this  opportunity  to  express  our  acknowledgment  to  Dr.  Edward  Hod- 
ges, Musical  Director  of  Trimty  Church,  New  York,  for  his  kindness  in  yoluutarily 
forwarding  to  us  Mr.  Listen's  May,  which  is  very  rare ;  as  it  was  published  by  sub* 
tcription,  and  only  a  few  copies  were  printed.  We  would  moreover  express  to  Dr. 
Hodges,  and  aim  to  Prof  £.  T.  Fitch,  of  Yale  College,  our  thanks  for  their  sym- 
ptthy  and  encouragement^  when  oar  plans  had  not  so  many  friends  as  at  preaeal 
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there  is  scarcely  a  paint  of  resemblance^  either  in  its  internal  struc- 
ture or  its  management  by  the  player.  We  cannot  be  expected 
here  to  give  a  description  of  our  machinery,  further  than  is  nec- 
essary to  understand  the  method  of  pla3ring  it,  as  it  would  require 
drawings  to  make  it  intelligible ;  and  besides,  we  have  alr^y, 
we  fear,  exhausted  the  patience  of  our  readers.  On  our  organ,  a 
single  pedal  will  bring  on  an  entire  scale,  extending  through  every 
set  of  pipes  in  the  instrument,  and  the  operation  of  the  pedals  is 
the  same  in  every  key.  On  Mr.  Listen's  organ,  different  keys  re- 
quired different  combinations  of  pedals,  with  different  degrees  of 
difficulty.  All  the  notes  of  some  diatonic  scales  could  not  be 
brought  on  together  by  any  combination  of  pedals,  as  for  in- 
stance, in  the  scale  of  G,  the  organist  could  not  obtain  its  second^ 
A',  and  its  sixth,  E',  at  the  same  time ;  for  when  A'  was  brought 
on,  E'  always  came  with  it,  and  A^  always  accompani^  E*. 

51.  The  practicability,  therefore,  of  building  an  organ  which 
will  give  its  chords  in  perfect  tune,  and  can  be  easily  managed  for 
all  music  that  is  proper  for  the  services  of  the  church,  is  no  longer 
a  matter  of  speculation  and  doubt.  The  organ  we  have  spoken 
of,  has  been  in  constant  use  for  nine  months,  and  has  kept  in  per- 
fect order.  Grood  singers,  whose  ears  have  not  been  accustomed 
to  a  tempered  accompaniment,  agree  with  it  perfectly,  giving  read- 
ily and  naturally,  all  the  intervals  necessary  to  Perfect  Intonation. 
Those  who  have  been  accustomed  to  sing  with  a  common  oi^an, 
require  some  practice  before  they  have  corrected  their  old  habits, 
they  are  then  prepared  to  appreciate  the  distinction  between  the 
pure  harmony  of  nature  and  the  discordant  harmony  of  art. 

52.  Although  we  have  not  intended  the  organ  for  any  music 
except  such  as  can  be  sung,  yet,  if  any  one  should  write  music 
very  difficult,  on  account  of  its  abrupt  transitions  from  key  to 
key,  as  for  instance,  from  the  key  of  C  to  four  sharps,  thence, 
straightway  into  four  flats,  d^.,  the  music  nevertheless  can  be 
played  if  the  organist  understands  it.  But  probably  no  singers 
could  sing  such  a  composition  without  a  guide,  and  any  such 
music,  (if  any  such  there  be)  which  cannot  be  played  on  the 
enharmonic  organ,  is  certainly  very  far  beyond  the  ability  of 
singers  to  sing.  In  such  music  as  a  leader  of  good  taste  would 
select,  the  small  addition  to  the  duties  of  the  organist  is  not  suf- 
ficient to  embarrass  one  of  ordinary  musical  knowledge  and  skill, 
and  for  this  extra  care  he  will  be  richly  repaid  by  the  improve- 
ment in  the  harmony.  Those  who  have  Jfeli  the  effect  of  per- 
fect harmony,  in  the  music  of  a  quartette  of  natural  and  well  drilled 
singers  or  violin-players,  can  form  an  idea  of  the  harmony  of  the 
organ  when  in  perfect  tune.  In  training  singers  in  correct  into- 
nation, this  organ  affords  an  aid  which  is  invaluable;  and  to 
violin-players,  it  affords  a  certain  guide  for  stopping  their  notes 
in  tune. 
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63.  We  should  not  be  treating  the  whole  subject,  if  we  did 
not  speak  of  the  relative  expense  of  building  the  enharmonic  or« 
gao.  It  can  truly  be  said  to  be  mare  expensive,  at  the  same  time, 
more  econamicalj  than  the  common  organ.  The  extra  machinery 
and  pipes  in  this  organ  render  it  more  expensive;  its  effect,  and 
the  musical  satisfaction  (which  is  the  sole  object  of  the  organ,  or 
any  musical  instrument)  derived  at  a  given  outlay  of  money,  ren- 
ders it  the  m4)re  economicaL  The  enharmonic  organ  of  a  given 
size  and  expense,  would  not  contain  as  many  sets  of  pipes  or 
'*  stops,"  as  each  stop  contains  more  pipes  than  the  common  or-» 
gan,  yet  each  set  or  stop  is  more  effective,  in  power,  than  the  same 
stop  would  be  if  tempered ;  for  it  is  well  known  that  musical 
sounds,  which  are  in  harmony,  assist  and  strengthen  each  other, 
while  discordant  sounds  neutralize  and  destroy  each  other.  Be- 
sides, a  great  quantity  of  mere  sound  will  no  more  afford  musical 
pleasure,  than  mere  painted  canvas  will  ^tisfy  the  lover  of  paint- 
ing. Church  committees,  who  purchase  organs,  are  not  aware 
(as  we  organ-builders  could  inform  them)  that  much  which  they 
pay  for,  is  mere  trickery  and  trumpery.  There  is,  however,  a 
desire,  in  the  church,  as  well  as  (m/  of  it,  to  boast  of  an  organ 
having  as  large  a  number  of  stops  as  possible,  even  if  many  of 
these  furniture  and  reed  stops,  (having  foreign  names,  which  they 
do  not  understand,)  are  as  inappropriate  for  the  legitimate  purposes 
of  church  music  as  a  set  of  Chinese  gongs.  So  long,  however, 
as  such  a  rivalry  exists,  and  such  instniments  are  ordered  and  paid 
for,  they  will  be  built ;  for  this  is  the  business  of  organ-builders. 
it  is  probable  that  any  one  who  loves  music  at  all,  would  pre- 
fer the  music  of  a  quartette  of  good  singers,  to  a  noisy  chorus 
of  fifty,  singing  no  nearer  in  tune  than  the  tempered  organs 
play.  As  has  been  before  stated,  the  theory  of  the  instrument 
admits  it  to  be  of  any  size  and  power — the  expense  to  be  ap- 
propriated, must  alone  decide  that  point.  This,  however,  can 
be  stated  with  certainty,  that  a  enharmonic  organ  in  perfect  tune 
and  of  sufficient  size  and  power  to  perform  satisfactorily  the  pur- 
poses of  an  oi^n  in  church,  can  be  built  for  the  expense  which 
is  osoally  appropriated  to  the  larger  class  of  instruments  of  im- 
perfect  tune. 

54.  Until  it  had  been  shown  to  be  practicable  by  experiment, 
it  was  to  be  expected  that  a  conservative  portion  of  the  public 
would  view,  with  caution,  a  plan  like  the  present,  which  proposes 
aach  a  radical  reformation  in  a  system  of  so  long  standing  as  the 
organ  scale.  This  feeling  certainly  operated  against  the  plan 
when  we  proposed  to  undertake  it  two  years  since.  It  is  with  no 
little  gratification  that,  since  the  completion  of  the  instrument,  it 
has  had  the  favorable  and  unanimous  opinion  of  the  musical  peo- 
ple who  have  examined  it,  and  the  scientific  principles  on  which  it 
is  built.    We  believe  it  is  certain  that  public  musical  opinion, 
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will  ere  long,  among  other  improvements  in  the  music  of  oar 
churches,  demand  that  it  be  given  in  pure  harmony^  and  in  ac- 
cordance with  the  fixed  and  demonstrable  principles  of  music. 

That  music  may  be  investigated  with  something  of  the  samo 
learning  and  research  which  is  bestowed  upon  almost  every  other 
science,  is  an  end  much  to  be  desired.  It  will  be  gratifying  to 
the  writer— even  if  some  of  his  opinions  are  shown  to  be  incor^ 
rect — if  his  labors  in  this  department  of  science,  shall  have  the 
effect  of  calling  to  this  subject  the  attention  of  those  who  are  bet- 
ter qualified  to  make  further  investigations,  and  who  can  lay  them 
before  the  public  in  a  more  interesting  mcmner. 

Note. — In  the  music  example  in  (18.)  page  77,  the  second 
lower  note  in  the  base  clef,  should  be  Bb  instead  of  D ;  and  the  b 
also  should  have  been  placed  on  the  second,  instead  of  the  third 
line.  We  would  here  also  state  that  this  and  several  other  music 
examples  in  this  paper  were  intended  as  theoretical  illustrations, 
rather  than  as  examples  for  actual  execution. 


Abt.  XXIII. — On  the  new  American  Mineral^  lAmcasieriie ; 
by  Prof.  B.  Silliman,  Jr. 

Among  the  minerals  associated  with  the  Serpentine  of  TezaSy 
Lancaster  Co.,  Pennsylvania,  received  through  the  kindness  of 
Mr.  L.  White  Williams  of  Westchester,  one  has  close  resemblance 
to  Brucite.  On  chemical  examination  it  has  proved  to  be  a  new 
hydrous  carbonate  of  magnesia,  for  which  I  propose  the  name 
Lancasteriie.     The  following  are  its  characters : — 

Foliated  like  Brucite,  affording  thin  pearly  lamince,  inelastic 
and  somewhat  flexible.  Also  small  crystals,  which  appear  to  be 
monoclinic  (?)  with  an  eminent  pearly  diagonal  cleavage,  H=2*5. 
G ^2*33  according  to  my  determinations;  2*35,  according  to  H. 
Erni.     Translucent.     According  to  two  analyses  by  H.  Emi,  it 


1 
1 
1 


contains, 

I. 

2. 

Bfeon. 

Oiygen 

Carbonic  acid, 

2707 

26-85 

26-96 

19-61 

Magnesia, 

6001 

60-72 

60-36 

19-79 

Protoxyd  of  iron. 

101 

0-96 

0-99 

0^1 

Water, 

21-60 

21-47 

2163 

1914 

99-69     10000 


This  gives  the  formula  AgC+iigfl^  =  carbonic  acid  27-11, 
magnesia  5078,  water  22*11  =  100.  In  two  other  trials  the  1ft 
and  C  together  equaled  49  83  and  49*86  after  IJ  days  drying  in 
the  water  bath.     In  a  matrass  the  mineral  yields  much  water. 
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Before  the  blowpipe  it  exfoliates  and  becomes  a  little  yellowish 
or  brownish,  and  gives  the  reaction  of  magnesia.  Dissolves  with 
effervescence  in  acids. 

We  observe  that  Hermann  has  made  a  new  mineral — which 
he  calls  Pennite — of  the  white  and  greenish  incrustation  of  car- 
bonate of  magnesia  accompanying  Emerald  nickel  at  Texas,  Pa., 
and  which,  as  we  have  remarked,  appears  to  graduate  into  the  Em- 
erald nickel.  He  finds  for  its  composition,  carbonic  acid  44*54, 
lime  20-10,  magnesia  27-02,  nickel  1-25,  protoxyd  of  manga- 
nese 0-40,  alumina  0  15,  water  5*84  =  100,  giving  the  formula 
3(Ag,  Ca,  ]5fi)C+]tt.    H  =  3-5.    G.  =  286. 

We  have  not  yet  had  opportunity  for  trials  to  ascertain  how 
far  the  water  is  a  constant  ingredient. 


Art.  XXVI.— Tabk  of  Atomic  Weights. 

The  recent  investigations  of  science,  while  evincing  the  con- 
summate skill  of  the  Swedish  chemist,  are  introducing  changes 
from  time  to  time  in  the  Berzelian  atomic  weights.  These 
changes  are  in  part  the  result  of  direct  experiment  on  the  particu- 
lar substances,  and  in  part  an  indirect  consequence  of  these  new 
determinations ; — a  change  of  one  element  involving  necessarily 
a  change  in  those  other  elements  which  were  determined  by 
using  that  one  in  the  data.  The  following  table  is  here  inserted 
as  an  exposition  of  the  recent  results,  only  a  part  of  which  have 
hitherto  appeared  in  this  Journal,  and  these  at  distant  intervals. 
In  order  to  render  it  useful  and  convenient  to  the  chemist,  there 
are  added  to  it  the  more  common  oxyds  and  sulphurcts,  and  also 
the  oxygen  or  sulphur  per-centage  for  these  compounds. 

Hydrogen  is  taken  as  a  single  instead  of  a  double  atom,  as  this 
appears  to  be  becoming  the  accepted  mode  among  chemists. 
In  the  same  manner,  chlorine,  iodine,  bromine,  phosphorus,  ni- 
trogen, arsenic  and  antimony,  are  written  as  single  atoms  or 
equivalents,  with  double  the  Berzelian  atomic  weight. 

The  multiples  of  the  atomic  weights  of  many  of  the  oxyds  are 
also  given,  as  they  save  time  and  trouble,  besides  rendering  accu- 
racy in  calculations  more  certain. 

Various  authorities  are  annexed,  and  different  determinations 
for  many  of  the  elements,  in  order  to  give  the  means  of  compari- 
son and  choice  to  such  as  would  use  them,  and  especially  for 
comparison  with  the  new  determinations  that  may  hereafter  be 
made. 

The  number  of  elements  as  now  recognized  is  sixty-two,  forty- 
nine  of  which  are  metals.  J.  D.  D. 
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Table  of  Atomic  Weigkt$. 


170-9 

Alumina,  JSiL 

641-8 

2*1. 

1288-6 

8*1* 

1926-4 

4^ 

2567-2 

5%1 

3209-0 

6% 

88608 

AKTmoNT  (Stibium),  Sb,  1612*9 

SuL  AntW,  Sb  S",       22129    (8,27*12) 
AEOEifTUM  ( Ag)  Bee  Silver, 
Aesenio,  As,  987*60»  Pelouxe. 

Arsenic  Add,  As,  1487*6    (0.84*78) 

Sulphuret  of  A^  As S^  1687*6    (8,890) 
AuauM  (Au)  see  Chid. 
Baktum,  Ba,  866'8t 

6813-10,68,  966-8   (0,10*46) 

2:^  1918-6 

8  6a  2870-4 

4  6a  8827*2 

BnTLUUM  (Be)  see  Olueinum. 

Bismuth,  Bi,  1880*4 

Oxyd  of  Bismuth,  Bi,    2960  8  (O,  10*18) 
BOBON,  B, 


Boracic  Add,  S, 

B&OMiNB,  Br, 

Cadmium,  Cd, 

Oaloium,  Ca, 

Lime,  Ca, 

2ga 

80a 

Oaebon,  0. 
Carbonic  Add,  O, 
2  " 
8 
4 
6 
6 

Cketum,  Ce, 
Protoxyd  of  0,  Oe, 


186-2 

486-2    (0,68-78) 
lOOOt 

696*8 

261*49§  Bert, 

861*49(0,28*45) 

70298 
1064*47 
1406*96 
1767*46 
2108-94 
76  Dtanoi. 

276      (0,72-78) 

660 

826 
1100 
1876 
1660 

676 1  ffermann. 

675      (O,  14*82) 


Peroxyd  of  Cerium,  <Se,  1460      (0,  20  69) 
Chloeik  E,  01  448*8 

Hydrochlor.Add,HCl,   4668 


Cheokiuv.  Or,  828'4t  Berlim. 

Oxyd  of  Chrome.  ^,  966  8    (O,  31-»6) 

Chromic  Add,  Cr,  6284   (0,47*74) 

Cobalt,  Co,  868*66 

Oxyd  of  Cobalt,  Co,  468  66  (0, 21*S4) 

CoLUMBiUM(TaDla]um)Ta,  1 148*4 

Columbic  Add,  9a,  2696*8    (0,11*56) 

CoppEE  (Cuprum),  Co,  896.6 

Oxyd  of  Copper,  ^u,  898  2     (0. 1 1*2) 

Chtyd  of  Copper,  Cu,  496*6    (0.20-14) 

DiDTMiUM,  D,  620!   Metriff$utc, 

EEBIUM,£b, 

Fkrrum  (Fe)  see  Iron. 

Fluorine,  F,  287*5  LouveL 

HydroauoricAdd,FH.   260*0        (F.96) 
Gluoikum  (Beryllium),  Be,    68*084**  Aw<L 

Gludna,  6e,  ir.8084(O,e8-26) 

Gold  (Aurum),  Au,  2456ft 

Htdbabotbum  (Ug)  see  Quicknlver. 
HrDEOGBif.  H,  U'bXt 

Water,  ft.  1126    (0.88*8») 

2  fl  226*0 

8  tL  887  6 
4fl  460O 
6d  6626 

6  fi  676-0 

7  fi  787*5 
8fl  900-0 

9  d  10125 
Iodine,  I,  1686 
Ieidium,  It.  1282 
Ieon  (Ferrom),  Fe,  860§§ 

Protoxyd  of  Iroo,  te,     460      (0,  2W«) 
2  *e  900 

8  ^e  1860 
4  te  1800 
6  fe  2260 
6  te  2700 

Peroxyd  of  Iron,  l^e,  1 000  (O.  $0) 

Kalium  (K)  see  Fotamum. 
Lanthanum,  La,  688 1|  Kmgnoc 

Protoxyd  of  L,  La,        688      (O.  14*55) 

Peroxyd  of  L,  Ea.  1476      (O,  2088) 

Lead  ( Plumbom),  Pb,  1294*6 

Oxyd  of  Lead.  l»b.  1894  6     (O,  717) 


*  988-8,  Berzelittt, 

t  854*85,  BerzdiuM,  taking  ^odne  at  448*20,  and  sflTer  at  1849*01.— 858*08,  Pehme; 
856*77,  Marignac 
1  999*98,  Marignae. 
i  260,  Ihumu,  and  Marehand  and  FrSnann,    Hiis  gires  for  Ca  860  (0.  28*57). 

I  672*8,  Rammeltberg;  676*97.  Beringerj  more  recent,  (1849),  590-8,  Marignmc, 
which  gives  for  Ce  690*8  (0, 14*48),  and  for  €e,  1-181-6  (0,  20*25). 

%  More  recenUy  834,  Moberg,  which  gives  for  Sr  968  (O,  81):  and  for  Cr  684 
(O.  47*8). 

**  According  to  Eobell  and  Awde}ew,  gludna  is  a  protox^rd.  Yet  some  difttingoUi- 
ed  chemists  still  consider  it  a  peroxyd,  like  alumba ;  making  gludnum  (Be)  83l1^ 
and  gludna  (Be)  962*52  (0,  8117) ;  or  Be  87  12  and »e  47424,  Ben, 

f  f  1227*76,  Berz,^  corrected  by  Pelouze  for  the  new  atomic  weight  of  quicksilver. 
P4Unue  lias  recently  obtained  1227*46.  Most  chemists  now  double  this  number  as  abova. 

Jt  12-48,  Berzeliun. 

Is  850-527,  Berzeliu*  ;  more  recently,  849*8,  Svanherg  and  Norlin. 

II  664*88,  Rammeltberg ;  600,  Hermann;  580,  Moeander.  The  last  ift  a  mean  of  thft 
different  determinatioDfl,  and  gives  for  La  680  (0, 14*7),  and  for  £a  1460  (0, 20'55> 
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ei9 


Lnii,ne  Cdleium, 

UaaBM,  Li,  81*66 

Lithia,  U  181-66  (O,  6505) 

ILfinumcM^,  «  1546*    8vanh. 

lUgDeaU.%,  254*5     (0,89-8) 

2$g  509-0 

4%  10180 

5Ag  1272-5 

6%  15270 
KMGAxnE,  Mn,  8447 

ftntoxjd  of  M.,  iSCn,       4447   (0,22-47) 
iiUk  889-4 

3  An  13841 

4  An  1778-8 
Peroiydof31,fin,        989  4   (0,8082) 

2  Sn  1978-8 

8  fin  2968-2 

4  fin  8957  6 
HntcCTiT  (Hg)  see  Qmcknlver. 
HoLTBDBnuii,  Mo,  575  88t     8wmb. 

Molybdic  Aci<l,  fia        875-83    (0,84-8) 
ITiTiinf  (Na)  see  Sodiurn. 
IicuL,  Nl  869*88 

ProUa^oflRd»l.Si,   46933   (0,21*8) 
I»Knf,Nb, 


KmoGEf,  N.  175-06 

Hitric  Arid,  N,  675*06 

2JJ  1850-12 

3$  202518 

4jr  2700-24 

lotim. 

OllllCM.08. 

(hrora,  0, 
PuuDtuic,  Pd, 
Pnopiuif, 

PlOtPHOftOS,  P, 

Fhnephdric  Add,  P, 
2P 

zP 

PUtdccm,  Pt, 
PuriiBfTM  (Pb)  see  XMdl 
F^fiAssiOM  (KjOimnX  ^^ 
Potom,X 
2& 

3fi: 

41^ 

QncnLTCB  (Bjdnrgj^ 

n«i).Hg,  18501 

RVOMUH,  651-96 


(0,74) 


(O,  56*05) 


1242  6 
100 
665*48 

892t 

892 
1784 
2676 
8568 
1282-08 


4S8-86§ 

588-86  (0, 16-98) 
1177-72 
176658 
2355-44 


RuTHxinuic,  Rn, 
Selenium,  Se, 
SiLicinir,  Si, 
Silica,  §i, 

2  Si 

8§i 

5  Si' 

^Si 

8  Si 

9  5i 
SiLVBE  (Argentum),  Ag, 

Sulphuretof  Sn  A^ 
Sodium  (Natrium),  Jfa, 
Soda,^a, 

SlfTa 
4Sra 

Stawnum  (Sn)  see  7?n, 
Stibium,  (Sb)  Bee  Antimony. 
SiaoNTiuM,  Sr,  548§§ 

Strontia,  Sr,  648 

SULPHUH,  8,  200 1 1 

Sulphuric  acid,  3,  500 

Tantalum  (Ta)  see  Columbitim. 
Tellurium,  Te,  801-8 

Tebbium,  Tb, 
Thorium,  Th, 

Tboria,Th, 
Tin,  (Stannum),  Sn, 

Ox7dofTin,Sn, 
Titanium,  Tl 

Oxyd  of  Titanium,  fi, 

Titanic  Add,  Tl, 
Tungsten  ( Wolf rami- 
um)  W, 

Tungstic  Add,  w, 
Uranium,  U, 

Protoxyd  of  XJ^  U, 

Pomxjdof  TJ.,^, 

Protoperox.  of  U,t5S, 
Vanadium,  V, 
Water,  see  Hydrogtn, 
WoLFaAMTUM  (W)  see  Ttmgtten, 
Yttrium,  Y, 

Yttria,  t. 
ZmcZn, 

Oxjd  of  Zinc,  2ta, 
ZmooNiuM.  Zr, 

Ztroonia,  £Sr, 


undttermined. 

495  %% 

277  3l*»   Berz, 

577  81  (0,51*96) 
1154  62 
1731-93 
2309-24 
2886-55 
8463-86 
4041-17 
4618-48 
5195-79 

1850tt 
1550 

287-2tt 

887*2    (0,25*68) 

774-4 
1161-6 
1548-8 


(S,  12-9) 


(0,  15*48) 
(O,  60) 


748*86 

848-9    (0,11*84) 

'785*8ft 

985*3    (0,21-86) 

814*7«*« 

929  4    (0,82-28) 

514*7   (0,88*86) 

1188*4 

1488*4   (0,20-16) 

750ft+    Peligi>t. 

850       

1800 
2650 

856-9 


402-5 

502-5    (0,19  90) 
406*6  Erdmanfi, 
506-6    (0,19-74) 
419  78 
1189*5      (0,26-S) 


•  158-14,  Birjsliua;  151*38,  Scheerer.  \  596 1,  Berxeliun,  revined. 

1400"10, /»«fo«z».  §488*856,  B(Pra»/tt«;   487*004,  Afawmm^. 

1 1247-83,  124S-21,  1249"37,  Soanherff ;    12506,    Erdmwnn  and  Marchand ;    1250, 
(i»ttrly  a  mean  of  these  determinationi),  Millon ;    1251  29,  Berz. 
T  491,  Sacc  **  266-742,  PeUnue,  more  recent ;  277778,  Berzeliu8  revised. 

1349-66.  Beneliug;  1349*01,  iiarignae ;  135032,  ifoumm^. 

J  287 17,  Pel<mu  ;  890  9,  and  later  revision,  289-78,  Berzelius.  §§  545-93.  Berz. 

2«)0^6,  Berteliiu,  making  Bulphuric  acid   50075  (0.  59*91);    20002,  £rdmafin 
Marehand.  conndering  12506,  tae  equivalent  for  quicksilver. 
^ReceoUy,  725,  Mulder. 

***  SOl-55,  Berzdiut;  8038,  ff.  ^09e;  295*8,  Nosander ;  81469,  Pierre. 
ttt  '<46'84,  W^riKnm;  the  earlier  results  give  2711*4*  making  9^-5722*72  fO,  5*24). 
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Abt.  XX7. — On  the  Isomarp/dsm  and  Atomic  Volume  of  same 
Minerak  ;  bjr  Jamcs  D.  Dana.* 

Hayikg  perused  recent  statements  by  Prof,  G.  Rose  respecting 
tome  anomalous  cases  of  isomorphism,  and  also  having  remarked 
that  the  chemically  unlike  minerals  chrysoberyl  and  chrysolite 
were  essentially  alike  iu  form,  I  was  led  to  a  farther  search  for 
such  singular  anomalies  among  minerals  in  order  to  elicit  the  prin- 
ciple upon  which  they  depend.  The  results  of  the  investigation 
have  proved  interesting  beyond  what  was  expected,  and  are  de- 
tailed in  the  followmg  pages. 

Before  proceeding  with  them,  the  facts  observed  by  Prof.  Rose 
should  be  mentioned.  He  points  out  the  relations  of  bismuth, 
arsenic  and  some  other  metals,t  and  also  shows  that  specular  iron 
and  alumitia  are  isomorphous  with  them,  as  seeu  iu  the  following 
table. 


Osmiom, 

Iridium, 

Arftenic, 

Tellurium, 

Antimony, 


R:R=S4<>52' 

84  62 

85  04 

86  57 

87  35 


Bismuth, 
Palladium, 

Corundum  (alominA)  Si 
Specular  iron  (3Pe) 
Titanic  iron  (9e,  ¥i) 


R:R=87«40' 
ondetermined. 

E:R=86  4 
85  68 
85  69 


Prof.  Rose  also  gives  the  following  parallel  groups  of  iso- 
morphs.l 

1.  F<mn  that  of  Cole  Spar. 

a.  Calc  spar  and  isomorj^  fiC 

b,  Nitnte  of  soda  '^&^ 
J  Dark  red  silver  ore  8AgS+SbS3 
(  Light  red  silver  ore  SAgS+AsSa 


R*  R 
105® -107^40' 

106  38 
108  18 

107  86 


2.  Form  that  of  Arragonite  (dimorph  with  the  preeeding), 

M:M 

a.  Arragonite,  white  lead  ore,  <fec.      ftO  116<*-118®«0' 

6.  Kitrat^ofpotash  t^  119 

e.  Boumonite  8(€u,  Fb)S+SbS3      115  16 

Many  examples  of  this  kind  of  isomorphism  have  come  to  light 
in  the  course  of  the  research ;  and  moreover  an  ezptanation  is 
at  hand  in  the  relations  of  atomic  vo/um^— the  same  principle 
appealed  to  by  Eopp  for  explaining  the  cases  of  ordinary  iso- 
morphism. 

♦  The  atomic  numbers  adopted  in  the  body  of  the  preceding  table  have  in  a  few 
instances  been  slij^htly  chan<red,  since  this  article  wa<^  printed :  in  such  cases,  tha 
numbers  employed  in  the  following  pages  will  be  found  in  the  notes  to  the  table. 

f  On  the  rhombohedral  metal%  Monatsb.  der  Kdiiigl  Preuss.  Akad.  der  Wissen- 
Bchaften  zu  Berlin.  April,  1849,  p.  187. 

{  In  an  article  **  on  a  remarkable  analogy  of  form  between  certain  sulphur  and 
oxygen  salts,**  Monatsboricht  der  Kdingl  Preuss.  Akad.  d.  Wissenachaften  zu  Berlin, 
Jan.,  1849,  p.  IS.    Pogg.  Annal,  Ixzvi,  p.  291. 
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Banmielsberg  endeavored  to  apply  this  prineiple  in  acconntiog 
for  the  relations  of  epidote  and  different  varieties  of  orthite.* 
As  is  customary  in  such  investigations,  he  determined  the  atomic 
volume  of  the  compounds  and  compared  the  ascertained  numbers 
with  one  another.  But  the  relation  obtained  was  not  sufficiently 
simple  to  be  wholly  satisfactory.  One  additional  step  seems  to 
throw  farther  light  on  the  subject,  and  leads  to  general  conclu- 
sions not  otherwise  apparent.  This  step  consists  simply  in  divid- 
ins;'  the  ags^es^ate  atomic  volume  of  the  compound  by  the  number 
of  cUoms  of  the  elements  present.  Unlike  compounds  are  thus 
reduced  to  a  single  standard.  The  correctness  of  such  a  step  is 
proved  by  the  general  correspondence  obtained  between  likeness 
•  of  form  and  volume.  The  relations  between  the  aggregate 
atomic  volume  of  isomorphous  compounds  is  in  many  cases  nec^ 
essarily  complex ;  for  we  find  that  this  relation  is  expressed  most 
nearly  by  the  proportional  number  of  molecules  of  elements  in 
those  compounds.  Between  ryacolite  and  loxoclase,  for  example, 
this  relation  is  that  of  15  :  19,  and  between  labradorite  and  anor- 
thite,  that  of  15 :  37  (see  page  233). 

That  the  subject  may  be  fully  illustrated  and  the  facts  on  all 
sides  fairly  exhibited,  I  have  in  the  following  pages  given  with 
equal  detail,  (A)  the  aggregate  atomic  volume ;  (B)  this  aggregate 
atomic  volume  divided  by  the  number  of  atoms  of  acids  and 
bases;  and  (C)  the  same  divided  by  the  number  of  atoms  of  the 
elements.  The  peculiar  interest  of  each  of  these  modes  of  view- 
ing the  atomic  volume  will  thus  be  clearly  shown :  and  while 
not  underrating  the  ratios  ascertained  by  the^s^,  we  think  that 
an  additional  value  will  be  found  in  the  relations  developed  by 
the  third  method ;  and  also  that  some  importance  may  attach  to 
the  second.  In  some  cases  the  (B)  relation  is  singularly  close  and 
of  interest.  The  atomic  volumes  of  alumina  and  arsenic  are  air 
most  identical  (161-7  and  163);  while  if  we  divided  by  5,  the 
number  of  atoms  in  alumina,  it  gives,  instead  of  a  ratio  of  equality, 
the  ratio  of  1 :  5.  These  modes  of  viewing  the  subject  of  atomic 
volume  appear  to  open  the  way  for  important  conclusions  bearing 
upon  some  of  the  most  recondite  points  in  chemical  science. 

Hermann  has  written  at  considerable  length  upon  isomorphism 
among  compounds  of  unlike  atomic  constitution.!  He  has  cou* 
fined  himself  almost  exclusively  to  pointing  out  such  well  known 
cases  as  the  chemically  unlike  varieties  of  epidote,  scapohte,  etc, 
(which  the  crystallographer  has  often  united  and  the  chemist  as 
often  pulled  asunder) — besides  some  acknowledged  instances  of 
isomorphism.  He  has  introduced  for  such  cases  the  new  term 
heteronherism,  a  term  of  indefinite  signification,  since  all  com- 

*  PoffgeDdorff*8  Annalen,  1849,  No.  1,  Izzvi,  ]).  80. 

f  Erdmann  and  Marchand's  Journal  f  iir  Praktuchen  Chemio,  zliii,  86, 
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pounds  of  unlike  atomic  propoitkms  are  heteromeroos,  whether 
I8omorphous  or  not. 

Without  farther  introduction  I  proceed  with  the  details  of  the 
observations — mentioning,  first,  some  of  the  prominent  cases  of 
isomorphism  among  unlike  compounds;  and  then  giving  the 
tesearches  into  the  atomic  volume  of  these  and  other  species. 

L  CHRYSOBERYL,  fie  3tl— CHRYSOLITE,  (Ag  J^e)»  Si— SERPENTINE, 

2S[g»Si»+8Slgfi«— EPSOM  SALT,  Mg  S+^fi— VILLARSITE; 

4(te.  Sig)'  gi+8fi— PICROSMINE,  2%*  Si'+afi. 

The  magnesian  minerals,  Chrysolite,  Serpentine  and  Villarsite, 
are  well  known  to  be  isomorphous,  and  have  been  the  subject  of 
recent  remarks  by  Hermann.*  We  now  add  the  totally  unlike 
minerals,  Chrysoberyl  and  Epsom  salt. 

A  brachydiagonal  prism  in  Chrysolite  has  the  angle  80°  63', 
a  corresponding  one  in  Chrysoberyl  119'^46'.  The  tangents  of 
half  these  angles  are  nearly  as  1:2;  and  a  vertical  prism  of  the 
former  has  the  angle  49^  50'  and  one  of  Chrysoberyl  70^  40^,  giv- 
ing the  relation  of  I :  I  J.  The  former  planes,  referred  to  the  same 
fundamental  form,  are  respectively  Px  and  2P  oc,  and  the  latter 
aP  and  aP|.  The  crystallographic  axes  of  these  species  as 
given  by  von  Kobell  are  as  follows : — 

a.  b.  c 

Chrysoberyl, 0-58        :    1     :    0*47 

ChrysoUte, 11788     :    1     :    0^8 

The  -93  of  Chrysolite  it  is  seen  is  double  of  -47  in  Chrysoberyl, 
and  1-1733  is  double  of  0*58  showing  a  simple  ratio.  If  we 
take  for  Chrysolite  the  vertical  prism  above  alluded  to  (49°  50^) 
as  the  prism  oc  P,  it  gives  bic^l:  0*4ti6,  which  is  almost  identical 
with  that  for  chrysoberyl.  We  add  farther,  though  other  evi- 
dence is  unnecessary,  that  the  angles  of  the  corresponding  rhom- 
bic octahedrons  in  each  of  the  above  species,  are  given  as  fol- 
lows : — 

Chrysolite,  ....  139066'  SS^IS'  108^81' 

Serpentine,   .  .        .  139  34  88  26  105  26 

Villarsite,  .         .        .         .  139  45  86  56  106  62 

Chrysoberyl,         ...  189  68  86  16 

In  Picrosmine,  a  brachydiagonal  prism  has  the  angle  117^49', 
which  is  near  that  of  Chrysoberyl,  and  a  vertical  prism  the  angle 
63^  08^  the  corresponding  angle  in  Chrysolite  being  49^50'. 
This  prism  being  the  prism  oc  P,  it  gives  b:c  —  l:  0*5,  while  it 
is  1 : 0-47  in  Chrysoberyl,  and  1 :0'4b5  in  Chrysolite. 

Epsom  salt  has  the  same  axes  as  Chrysolite,  except  that  for  the 
assumed  fundamental  form,t  the  vertical  axis  is  about  one-half  the 


♦  J.  £  Pr.  Chem.,  1849.  xlvi,  229. 

f  It  may  not  be  understood  by  all  my  readers  that  the  axes  of  crystals  are  oot 
lines  of  fixed  length  for  each  crystal,  but  only  the  axes  oorresponiing  to  a  form  or 
set  of  planet  in  the  crystal  a$mmed  as  the  fundamental  form — a  form  of  frequent 
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aboTe  in  length.     The  nnmbew  given  are  0-5703 : 1 :  0-9089, 
^ich  on  doubling  the  first  term  becomes  1  1406  :  1 :  0-9089. 

IL  QUARTZ,  5i— CHABAZITE,  (Ca,  Sa,  t)3gi«+3atl  Sia+lsS. 

R  :  R  in  Q,iiartz  =94°  15' ;  in  Cfaabazite  =94^  46^. 
m.  COBUKDUM,  £l-PH5NA0IT£,  ie9  Si,  together  with  Ar9eme  and  o(^«n 
of  the  group  on  page  220. 

Taking  the  angle  of  the  rhombohedron  of  phenacite  at  116^ 
25^,  the  axis  a  =  0  6968.  The  axis  a  of  Corundum  =  1-3617, 
which  is  nearly  double  that  of  phenacite  (2x0*6958 -1*3916). 
The  angle  of  the  rhombohedron  2R  of  phenacite  is  83°  12' ; 
while  R :  R  in  corundum  is  86^  4' ;  in  Iridium  84°  52' ;  in  Ar- 
senic 85°  04'. 

IV.  SCHEELITK,  Ca  W— (wHh  TUNGSTATE  OF  LEAD,  ^h  W  and  MOLYB- 
DATE  OF  LEAD,  Ph  fio)=FERGUSONITE,  Y«  Ta. 

Tangstate  of  lime  and  Fergusonite  crystallize  in  square  octa- 
hedrons which  are  hemihedrally  modified  in  the  same  manner. 
In  the  former  the  angle  of  the  octahedron  is  100°  8' ;  in  the  latter 
a  corresponding  octahedron  has  the  pyramidal  angle  100°  28'. 
The  axis  of  Tungsten  is  given  at  1*05,  and  that  of  Fergusonite, 
(another  pyramid  being  assumed  as  fundamental,)  at  1*50;  the 
latter  is  I J  times  the  former — a  simple  relation.  Tungstate  of 
lead,  a  recognized  pseudomorph  of  Tungsten,  has  A :  A =99°  43', 
and  Molybdate  of  lead,  also  so  recognized,  has  A :  A  =-99°  40'. 

We  also  observe  that  the  vertical  axis  of  Idocrase  is  about  half 
that  of  Tungstate  of  lime. 

V.  ZmCON,  Zr  §i— RUTILE,  IH— TIN  ORE,  gn. 

Rutile  and  Tin  ore  are  recognized  isomorphs ;  the  basal  angle 
of  the  octahedral  fundamental  forms  are  84°  40'  for  the  former 
and  87°  5'  for  the  latter.  In  Zircon,  the  same  angle  is  84°  20'. 
The  axes  of  rutile,  tin  ore  and  zircon  are  respectively  0-656, 
0  6743,  0  6405. 

YL  CINNABAR,  Hg  S— EUDIALYTE,  2R3  Sia+Zrgia. 

Cinnabar  and  Eudialyte  are  rhombohedraL  In  the  former 
R:R=:71°  47';  in  the  latter,  =73°  40', 

VIL  BORAX,  Sa  B2-|-iofl— PYROXENE,  1^3  gi2_GLAUBER 
SALT,  (]^a  S+lofl). 
In  Pyroxene  M :  M=:87®6' ;       OP :  <xP  «=106O6'         axes  0  2867  : 1 : 0-M06 
In  Borax  •      87*»  «         10«O86'  0^978 : 1 : 0-9489 

Glauber  salt  is  also  near  pyroxene.  It  has  M :  M='86°  31^  and 
OP:aPoc=104°4l'. 

eeeurrence  being  selected.    Tbey  expreee  only  a  relation  of  length,  and  constitute  a 
for  dettfrmining  or  designating  all  the  other  occurring  forms.    The  form  aa- 


•omed  for  Epsom  salt,  would  be  the  form  |P  of  Chrysolite.  And  if  the  planes  -IP 
in  Bpftom  salt  were  taken  for  the  fundamental  form  then  the  axes  would  be  the  same 
(zMcrly)  as  for  Chrysolite. 
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Vllt  ANATASE,  Ti— HORN  QUICKSILVER,  Hg  CJL 

A  pyramid  in  Horn  quicksilver  has  the  basal  angle  136^;  wid 
the  corresponding  angle  of  anatase  is  136^  22\ 

IX.  SULPHUR,  S,  and  SCORODITE,  Fe  Is-Hfi. 
The  axes  of  sulphur  are  1-9043 : 1 : 08 108 ;  and  those  of  Sco- 
rodite  0*9539 : 1 :  08527.  The  vertical  axis  of  sulphur  is  hence 
double  that  of  Scorodite  (2x0  9539=1-9078),  while  the  other 
axes  are  nearly  equal.  (The  planes  of  the  vertical  rhombic  prism 
common  on  crystals  of  scorodite,  belong  to  the  form  ocP2.) 

X.  CELESTINE,  Sr  S— WHITE  IRON  PYRITES,  Fe  S2— GRAPHIC  TEL- 
LURIUM, Ag  Te+2Au  Te3. 

The  angle  M:M  of  Celestine  is  104O;  of  White  Iron  Pyrites 
106^  2' ;  a  brachydiagonal  prism  of  the  former  has  the  side  angle 
103^  58' ;  of  the  latter  99°  58'.  Graphic  Tellurium  has  M :  M 
=  107°  44' ;  a  macrodiagonai  prism  in  Celestine  is  101°  24',  in 
Grapliic  Tellurium  103°. 

XL  CHROMATE  OF  LEAD,  l»b  Cr— MONAZITE.  (<5e,  iTi,  La)3  P. 

The  forms  are  monoclinic.  In  Chromate  of  Lead,  M :  M  =  93°  40' 
and  P:M  =  99°  11'.  InMonazite,  M:M  =  93°  10'  and  P:M=100° 
—  100°  25'.  The  forms  of  the  crystals  are  similar  in  the  occur- 
ring secondary  planes. — Compare  figure  2  of  Chromate  of  Lead 
in  the  author's  Mineralogy*  with  2  of  Monazite  in  the  same 
work ;t  the  general  form  is  similar;  and  the  [lanes  M,  e,  e,  a,  c, 
a,  a',  (  ocP,  -f  P,  -  P,  -  P  oc,  aP'  oc,  P'  a,  2P'  oc)  are  the  same  in 
the  two.  e :  e  in  the  former  is  119°,  in  the  latter  1 19°  22' ;  e :  e 
in  the  former  is  107°  40',  in  the  latter  106°  36'. 

XIL  BERYL,  »e  §i4+23tl  gi2,  or  6e3  5i2-f  atl  Si2— NEPHELUra,  ^2  Si 

+23tl  SI 

In  Nepheline,  P  on  two  planes  on  the  basal  edges  is  134°  3' 
and  154°  27';  in  beryl,  the  corresponding  angles  are  130°  5V 
and  150°  6'.  The  vertical  axis  of  nepheline  is  04629,  of  beryl 
04993.     These  species  are  only  approximately  isomorphous. 

The  axis  of  quartz  is  a  little  more  than  double  that  of  beryl, 
it  being  10996  and  2  x0-4993  =  0-9996. 

We  mention  also,  without  particular  remark,  some  of  the  ad- 
mitted cases  of  isomorphism,  among  species  that  are  alike  in  gen- 
eral constitution  but  different  in  atomic  proportions. 

1.  Pyroxene,  Acmite,  Hornblende  and  varieties. 

2.  Scapolite,  Meionite,  Wernerite,  Dipyre,  Gehlenite. 

3.  Talc,  containing  magnesia  and  silica  in  different  proportions. 

•  Fiff.  T4,  pL  X,  Moha's  Natur^.  des  Mia,  il 

f  ^Iso  Am.  Joar.  Sci.,  xxxiii,  d.  71,  fig.  1,  bat  with  different  lettering;  and  Ibe 
same  figure  copied  in  Dufrenoj^s  Mineralogie,  vol  iy,  pL  223,  fig.  476. 
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4.  Epidote,  Zoishe,  Orthite. 

5.  The  Feldspar  family. 

6.  Bacholzite,  Kyanite. 

7.  Different  groups  among  the  monometric  or  tesseral  species. 

It  is  not  my  object  in  this  place  to  mention  the  cases  of  iso- 
morphism that  conform  to  the  ordinary  law  on  this  subject. 
With  this  brief  enumeration  of  some  of  the  groups,  I  proceed  to 
the  consideration  of  the  atomic  volumes  of  the  species.  The 
atomic  Tolume  is  obtained  by  dividing  the  atomic  weight  by  the 
specific  gravity. 

1  present  first  an  example  of  the  atomic  volumes  of  a  group  of 
acknowledged  isomorphous  minerals,  as  a  measure  of  the  degree 
of  discrepancy  to  be  expected.  The  carbonates  of  lime,  lime 
and  magnesia,  manganese,  iron,  magnesia,  and  zinc,  increase  in 
the  angle  R :  R  from  105^  6'  to  lOT^  4(y,  and  the  atomic  vol- 
umes, as  determined  by  Kopp,  are  respectively  as  follows : 
231-20,  202-36,  202-29,  188  60,  181-26,  176-33. 
The  range  of  numbers  is  quite  wide  in  this  series,  amounting  to 
i  the  larger  number,  and  exceeds  what  usually  occurs  among  iso- 
morphous species.  Yet  the  extent  of  the  variation,  here  shown 
to  be  possible,  should  be  kept  in  mind,  or  we  may  be  led  into 
error  by  expecting  too  close  coincidences. 

In  the  following  .calculations,  either  the  mean  specific  gravity, 
as  nearly  as  it  could  be  determined,  has  been  taken,  or  the  specific 
gravity  corresponding  to  some  analysis  selected  for  comparison. 
The  atomic  weights  used  are  from  the  table  on  pages  218, 21d,  of 
this  voluine.  By  way  of  distinction  as  well  as  brevity  in  the  fol*> 
lowing  enonciatioRS,  we  luimber  the  statement  of  the  aggiegalf 
atomic  volume  by  A ;  Chat  in  which  the  aggregate  atomic  volume  is 
dividedby  the  number  of  atoms  of  bases  and  acid,  by  B;  and  that 
of  the  same  divided  by  the  number  of  atoms  of  the  elements,  by  O. 

L  Ckrytoberylf  ChrytclUe,  Serpentine^  VUlarsite,  Picrownine^  Ep9om  8<dt. 
1.  ChrysoberyL 

1  ^es«l  58-084    b.  fttoms  of  add  and  base,  2.    e.  atoms  of  elements,  7.   ' 
1  fi     Ml-80  A.  79«-e84-*-8-7  («p.  gr.)=a216-18 

a.  Atweigbt,  799-884    R  21618-h2=108-9  C.  2iei8-*-7=80^ 

With  the  old  atomic  weight  of  Qludnmn,  makiDg  glucioa  962*62,  we  have  thf 
iDnnala  fie  2cl<,  wfaidi  gires 

1  9e      962*52    b,  atoms  of  add  and  base,  7.    e,  atoms  of  elements,  85. 

6  Si     8850*8  A.  4818*82-1-8*7  (sp.  gr.)a>1800*9 

&  At  Tolmne,  4818*82    R  1800iM-7»185*8  0.  1800*9-!-85e»87l8 

The  Conmila  Sl4  BH-^^o  ^^t  whidi  diffBn  from  the  last  only  in  induding  an 
atom  oi  silica  for  12  of  ahunina,  gfree  the  talne  of  0  equal  to  87*29. 

With  TOO  KobelN  atomic  weighty  which  is  for  ghicfaa  one  third  the  last  mention- 
ed, (82098  for  glodna),  duyaobeiyl  is  ]^£a,  and  the  atomic  weight  is  1604*08 ; 
A^»488*7;  Bs-144*6;  0—86*14. 

SaoMP  anna,  Yd.  IX,  Na  21— Maidi,  185a  29 
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8.  ChiyBolite. 

1     Sw577-81 

-A-te   122-72 

a.  At  weight,  139418 
8.  Serpentine. 

4  Bi=:  2809-24 
9%  2290-60 
6  fi       674-88 


a.  At  weight,  6274-62 
4.  ViUarsite. 

4  Si:-  2309-24 
12  As  30540 
8  fi       837-44 


a.  At  weight,  6700-68 

Picrosmine. 

4  Si=  2809-24 
6]Slg   1527-0 
8  fi        887-44 


fl.  At  weight,  4178-68 
6.  Epeom  Salt 

1  i5=     500- 
1  Sg      254-6 
7  fi        787-86 


6.  Atoma  of  «dd  and  bases,  4.    e.  atoms  of  elements,  10* 

A.  1894ia-*-8-86  (sp.  gr.)=»416 
E  416-t-4a-cl04  C.  416+10s41-6 


b.  atoms  of  add  and  bases,  19.    e,  atoms  of  elements,  46, 

A.  6274-62-!-2-66  (sp.  gr.)«2068-5 
R  2068-6-f-193:«109  C.  2068-&-{-46a44-9 


b,  atoms  of  acid  and  bases,  19.    e,  atoms  of  elemeota,  4^ 

A.  6700-68-*-2-976  (sp.  gr.)=I916-8 
R  1916-8-!-19«=«100'86  C.  1916-8-+-46=41-«5 


b,  atoms  of  add  and  bases,  18.    c  atoms  of  ekmenta,  Mr 

A.  4178-68-1-2-68  (sp.  gr.>«1687 
R  1687-*-lS«-12S  C.  1687-«-84»4«*«8 


b.  atoms  of  add  and  bases,  9.    e.  atoms  of  elements,  20, 

A.  1641-86-H1-76  (sp.  gr.>=881 
B.  881-^9=98  0.  881-!-20»:44 


a.  At  weight,  1641-86 

The  result  shows  that  these  different  substances  have  for  atomic 
volume  C,  Chrysolite  41*6,  Yillarsite  41*65,  Epscnn  salt  44,  Ser- 
pentine 44-9,  Picrosmine  46*7;  and  for  Chrjrsoberyl  30  9,  (adopting 
Awdejew's  atomic  weight,)  which  is  to  that  of  Chrysolite  as  2 :  3 ; 
or  with  the  old  atomic  weight  37-15,  a  little  below  that  of  Chrys- 
olite. The  B  results  are  also  nearly  uniform ;  they  are  for  Chrys- 
olite 104,  for  Yillarsite  100*86,  Epsom  salt  98,  Serpentine  109, 
Picrosmine  122,  Chrysoberyl  108*9,  or  with  the  old  atomic  weight, 
185*77.  It  would  seem  from  the  result  with  Epsom  salt,  that  it 
is  more  correct  to  consider  the  hydrogen  in  water  as  a  single 
lather  than  a  double  atom. 

We  pass  on  with  the  other  examples  without  special  remark, 
the  results  being  tabulated  on  a  subsequent  page. 

II  QmutU,  ChabatiU. 

1.  Quartz. 

Si: 

2.  ChaUuDie. 

8  SiP-4618-48 

8^1   H26-4 

8^   1064-47 

18  a     2024-64 


677-81     A.  677-81-+-2-66  (sp.  gr.>«218.    C  218-l-4««64-6. 


&.  atoms  of  aoid  and  hiifies,  82.    e.  atoms  of  elcoMnta,  89. 

A.  9622^1H-2-l  (sfx  gr.)a-4682-4 
R  468a-4-<-82=«148.    0.  4682^44-89-^l•6 


At  weight,  9622-99 
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ITL  Oorwmdmn,  Spteukar  Jron^  Afmie,  PkmaciiU, 
L  Oonmdmn.        Xh=«41-8-»-8'9'r{8p.  gr.)-6l61'7    0.  l«H+6-«2-8 
2.  Specular  Iron.  9er>100(H-5*212  (8p.gr.>Bl92    C.  192-f-6»s88-4 

5.  Anenk.  M  94008+5-75  (sp.  gr.>=>103,  wtiich  equals  5X82-6.    IV  ipe- 
dfie  giavii^  5*88  gives  for  atomic  Tolume  160. 

4.  FhoMuate. 

1  S»  577*31    6.  atoms  of  add  and  base,  4.    e.  atoms  of  elements,  10. 

5  ^      474-25  A.  1061-56+2-97  (sp.  gr.>-864 

&  At  weight,  1051-56    E  854-1-4— 88*5  C.  854+10—85-4 

Wkh  the  old  atomic  weight  for  glacinum,  Fhrncite  haa  the  fbrmuls  9e  Si8, 
whkfa  gives 

A.  211714+2i)7  (sp.  gr.)— 718  0.  718+18—56,  which  is  1^  tunes  that 

of  qpecolar  iron. 

Antimony^  BinmUh,  TeUurimn  and  Osmivm  ore  isomorphoos  with  Arsenic; 

6.  Antimooj,        8^  1612-8+6-702  (sp.  gr.)— 240i)5 
6l  Bnnath,  Bi,  1880-4+9*8  (sp^  gr.>-185-75 

7.  Tettarium,        Te,    802H-6-2  (sp.  gr.)— 129*86 

8.  Osmimn,  Os,  1242*6+10  (sp.  gr.)— 124*26 

Hie  atomic  rolmne  of  Corundum  is  to  that  of  Arsenic  as  1 : 5,  to  that  of  Antimottf 
Dearly  as  1 : 8,  and  to  that  of  each  of  the  other  metals  following  nearly  as  1 :4  Tbt 
discrepancies,  if  considered  susfa,  it  will  be  observed  are  among  aekmmUdgtd  <st- 
morpkt;  and  a  more  eiact  kiM^wledge  of  the  atomic  waig^t  may  remove  ^em. 

IV.  BekeelUe,  Tugigttate  of  Lead,  Fergutonite. 

1.  Scfaeelite. 

1  W  —1488*4      &.  atoms  of  acid  and  base,  2,    c  atoms  of  dementi^  6. 
1  Ck       861-5  A.  1889*9+6*1  (sp.  gr.)— 801*6 

a.  AtweiflH  1889*9      &  801*6+2—150*8  0.  801*6+6—50*8 

2.  Tuiigetote  of  Lead. 

1  W  —1488*4  A.  2882*9+8*1  (sp.  gr.>— 855*9 

1  th     1894-5      E  855*^+2—177*9  C.  855*9+6—59*8 

a.  At  weight,  2882*9 

5.  FetguBonite.  b,  atoms  of  add  and  base,  7.      e,  atoms  of  elemeitta,  7. 

1  9a     2596-8  A.  5611*8+6*8  (sp.  gr.>-967*5. 

6  f      8015*0      R  967*5+7-188*2  C.  967*5+17—57^. 

a.  At  weight,  5611*8 

We  have  introduced  here  the  acknowledged  isomorph  of  Scheelite,  Tungstate  of 
Lead,  in  order  to  afford  a  more  satisfkctory  comparison  with  Fergusonite. 

y.  Ziram,  RtttUe,  Tin  Ore  (acknowledged  isomorph  of  mtile). 
1.  Zbooo. 

1  Si  «•  577*81    5.  atoms  of  add  and  base,  2.    e.  atoms  of  elements,  9. 
1  2r      1189*50  A.  1716*81+4*686  (sp.  gr.>-870*8 

&  At  weight,  1716-81     R  870*8+2— 18516  0.  870*8+9—41*15. 

1  Rutile.  rR— 514*7+4*21  (sp.  gr.)— 122-8.         0.  122*8+8—40-7 

1  Tin  Ore.  j3n— 985-8+6*96  (sp.  gr.)  —184*4.         0.  184*4+8—44*8 
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YI  (Hnnabar,  JSudialyte, 


146(H-81(^gr.)— 180.    C.  18(H-8— 00. 

b,  atoms  of  add  and  bases,  18.    c  atoms  of  elemeots»  41. 

A.  6909-88-I-2-9  (sp.  gr.)— 2882 
E  2882-«-18— 188-2  C.  1882+41— 681 


a.  At  weight,  8909*38 

The  relation  of  68:90,  is  nearly  as  2:8  (60:90.);  of  180 :188-2=:1 : 1 
TIL  BoMx,  GlmAer  Bait,  Pfntunt, 
1.  Borax. 

2fi    ««  872*4     &.  atoms  of  add  and  bases,  18.    a.  atoms  of  elements,  80l 
1  JTa        890-9  A.  2888-H-1-716— 18916 

10  fl        1124-8    R  1891-6-4-18—107-0  0.  1891-6-1-80— 46*88. 


1. 

Cinnabar. 

HgS— 1460 

2. 

Eodialyte. 

6    5i 

8468-86 

6. 

1    Zr 

1139-60 

1    J'e 

460*00 

E 

2iCa 

878-72 

2t]Sra 

977-26 

a.  At  weight,    2888-1 
2.  Glauber  Salt 

iB    —  600- 

1  ^a        890*9 

10  tL       1124-8 


6.  atomsof  add  and  bases,  12.    «.  atomsof  •leaieiita,26u 

A.  20l6-7-f-l'662  (sp.  gr.)  -1290*6. 
R  1290-6-4-12—107*64  C.  1290*6-1-26—49*6 


Color  green  or  black. 


A.  2161-86-1-8*86  (sp.  gr.)  —646*9 
E  646*2+6-129  C.  646*2-rl4«.46-l 


<k  At  weight,   2016*7 
t.  PjFrokene.— 1st  yar.    (i^)a-KAg)3  Sit.    Color  white. 

2    Si— 1164*62    6.  atoms  of  acid  and  bases,  6.    ^atomsof  eUmeat%14. 

H  Oa      627*28  A.  2068*60-l-8*24  (sp.  gr.)  —687 

H  Ag      881*76    R  637-1-6—127-4  C.  687-1-14—46-6 

«.  At  weight,    2063-60 
4.  Pyroxene— 2nd.  var.    (iCa+ifig+i^te)3  Si2. 
2    Si— 1164-62 
li  fia      627-28 

1  iLg     264-60 
ite       226- 

a.  At  weight,   2161-36 
6.  Pyroxene.— 8d  var.    (iOa-K*e)»  Sia.    Hedenbergite. 

2  Si— 1164*62 

li  Ca      627-28  A.  2866*86-7-8*6  (sp.  gr.)  —678*4 

li  *e       67600    R  678*4+6— 184-7  a  678*4+14— 481 

a.  AtWBic^t,  2366-66 
6.  Pyroxene— var.  ffwUanite,    A  recent  analysis  in  the  Yale  Laboratory,  New  Ha- 
ven, by  Mr.  W.  H.  Brewer,*  gives  nearly  the  results  of  Beck  for  this  mineral,  but  mAkss 

*  Mr.  Brewer  obtained  the  following  for  the  composition  of  Ihe  Hudsonite;  ws 
add  also  Beck's  results : — 

OtygM. 

^®*^^  1 24-17 
6*04f^" 


L 

SiUca,  86*94 

Alumina,  11*22 

Peroxyd  of  iron,    trace 
Protoxyd  of  iron,  86*08 
**    manganese,   2*24 
lime,  12*71 


8^) 
0-60  [  12" 
3-62) 


12 


IL 

IlL 

Beok. 

86*06 

86*76 

87-90 

10*47 

12*70 

trace 

•  •  •  • 

86*67 

.   86-80 

110 

Mgl-92 

.... 

11-40 

99*14  100^2 

Beck  uses  the  term  oxydofirom;  bnt  we  infer  from  his  accompanyii^  reomuki 
Ihai  he  meant  protoxyd.    G.  s  8*48— 8*46,  Brawar ;  8*6,  Beok. 
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iiie  iron  proloacjd,  with  but  a  timoe  of  pfltozyd.    It  ftflfonk  rery  iAomitj  th»  forfionla 
1^5  (Si,  51)2.  or  more  precisely  I  |^*e+j^Mn  + j^Ca  J     (-g-  Si+-j-  Adj  . 

Mnltqiljing  bj  4  throogbost^  ilie  relatiDn  becomes  6iSi+l}%+8f'e+  ililii+8i6% 
wiatk  w«  here  adopt,  withooi  fiuiher  redoeiiig  H^  as  the  result  will  be  the  same. 

6^  Si  =3((66'S  6.  atemaof  acidi  and  bases,  2a  c  atoms  of  elements,  67). 
A.  »778-4^8-468  (mean  sp.gr.)=2824,  and  2824-H=stO« 
B.  2824-^20=141-2  0.  2824-r67|=x:48-9 


1)21 

1069-6 

8    te 

8600O 

ilSbi 

222-8 

hu 

1280-2 

&  At  weight,   9778-4 
7.  Pfiozene — Tar.l^edS&s.  Aflbeetiform,aiialyiedb7GrQiier,(Comp.Ileod»z3dT,704) 
8  ^e   =1860*        h,  atoms  of  add  and  bases,  6.    e,  atoms  of  elemenh^  14. 
2  Si         1164-62  A.  2504-62-f-8-7l2  (sp.  gr.)  =6747 

&  Atweig^    2604^2    U  «74-7-r6=185  C.  674-7-r  14=482 

&  Pyroxene—var.  fin3  Si»,  lianganese  Spar. 

8  !ftn  =1884*1      b.  atoms  of  acid  and  base,  6.    c  atoms  of  elements,  14. 
8  Si         1164-62  A.  24S«-72-r8-684  (tip.  gr.)  =684^ 

a.  At.  weight,    2488-72    R  684-8-r6=186-9  C.  684-8-r  14=48-9 

TTIL  Anattue,  ffom  QuickHlver. 
L  AnaAaaa.  fi       614-7-1-8-84  (sp.gr.)  •«484H)       0.  184-0-r8— 44-66 

2.  HomQmokBaTer,HgCa,1698-8-r6-48(8p^gr.)— 261-8       0.  261-8-*2— 180-62 
180-62:44-66,  nearfy  as  8:1:  and  180-62: 184-0  =  (neariy)  1.1. 

DL  Af^pftatr,  Sdertimn  (acknowledged  isomorph  with  Sulphur),  ScorodiU, 

1.  Sulphur.  S,    200-4-2-088  (sp.  gr.)  —98-4 

1  Seieniom.  Se,  496-3-r4-8  (sp.  gr.)  —116 

t.  deorodhe. 

1  Is  M-144008    b.  atoms  of  add  and  bases,  6.    e.  atoms  of  elemetiti»  19. 

1  9e  1600^                   A.  2890-r8-23  (sp.  gr.)  —894-78 

4  fi  4491^    R  894-78-r6— 149-12                 G.  894-78-^19— 471 

m,  Ai  weight,    2890-00 

47*1,  ia  Tcrj  nearly  ^  the  atomic  Tctone  of  Sulphv;  and  149 : 98-4=8 : 2 
X.  Ctlstime,  WkiU  Jrom  FyriUi,  Qraphic  Tdlurmm. 
1.  Celestine. 

1  S     «*  600-        6.  atoms  of  add  and  base,  2.    e,  atoms  of  elements,  6. 
1  Sr         647-8  A.  1147-8H-8-9  (sp.  gr.)  —294-2 

m.  At  weight,    1147-8  B.  294-2-r2— 1471  0.  294-2-r6-»49-0 

%  White  Iron  Pyrites. 

Fa-f-28— 76a  A.  760-^*76  (sp.  gr.)— 167-66        C.  167-66^8—62-62 
S^  Qraphir  Tellmimn. 

7  Te  —6612-6  c.  atoms  of  elements,  10, 

1  Ag      1860-  A.  94181-^8-28  (sp.  gr.)  —1187*6 

2  Am      2466-6  0.  1187'6-rlO— 11876 


m,  Atwe%H   M18-1 


The  atomic  Yolmne  0  of  graphic  Tellnrinm  is  consequently  doiiUe  of  that  of  White 
IraoFyntoi;  the  A  rehrikn  is  7 : 1. 
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XL  Monagitej  ChromaH  of  Lead, 
1.  Monaate. 

1  !l^    —  89t'S      6.  tttoms  of  acid  and  bases,  4.    c  atoms  of  elMneDt8»  12. 

2  de       185(H)  A.  8086'2-r6  (sp.  gr.)  -^17-26 

1  Th        848-»      a  617-25-^4— lW-8  a  «17-25-i-12— 6144 


a.  At  weight.    S086>2 
2.  Chromate  of  Lead. 

1  Cr  —  628*4 
1  th      1894-6 


Ifongnac^s  at  irt  of  Cerium,  gires  for  C,  62 

6.  atcMns  of  acid  and  base,  2.    c.  atoms  of  elementa,  ttw 
A.  2022-«-^-06  (J^  gr.)  —838^ 

a.  Atwei^ts,  2022*9      E  888-8—2— 166-9  0.  888^-7-6«66-6 

lliere  is  some  micertaintj  as  to  Monazite,  as  tbe  exact  proportions  of  ita  baaea  aie 

Mi  aoeurately  known. 
XIL  Beryl,  Kepheline, 

1.  Beiyl — ^nsing  the  old  atomic  weight : — 

89i    n=)4618-48    6.  atoms  of  add  and  bases,  11.    catoposof  elflBMota»4t. 

1  »e         962-62  A  6864-6-f-2-782  (sp^  gr.)  p=2612-7 

2  ^        1288-60    a  2612-7—11=228-4  Q.  2612-7-r47a>68-4« 


6.  atoms  of  add  and  bases,  7.     c  atoms  of  elements,  26w 

A.  8880-82-r2-6  (sp.  gr.)  =1478-2 
E  1478-24-7=210-6  C.  14782-^26=66-66 


«.  At  weight,    6864^60  Awdejew's  atomic  wei^  gives  for  C,  4(K4. 

2.  Nepheline. 

8    Si  =1781-98 
2    &      1283-6 
ifSfa      716-66 
i&  9814 

a.  At  weight,    8880-82 

Xin.  Pyroxene,  &8  Si2— Semite,  fTa  Si+Fe  Si2— iTorwWwKfc,  &*  Si«. 

Acmite,  as  is  well  known,  has  the  crjstalline  form  of  Pyroxene,  although  di£BBreiit 
in  composition.  Hornblende  is  pecuHar  in  its  dearage  and  prevalent  forms ;  yet  as 
Bose  has  shown,  its  crystals  have  the  same  fondamental  fonn  as  those  of  Pyroxene. 

1.  Pyroxene.  As  above  deduced,  A«=688-7  7 -706;  6=12766-141-2 ;  C»461-48*9 

2.  Acmite. 

8  Si  =s  1781-98    6.  atoms  of  add  and  bases,  6.    e.  atoms  of  elemeota,  19. 

1  9e       1000-00  A.  8122-88-r8-4  (sp.  gr.)  =918*6 

1  Sa        890-9      B.  918-6-1-6=188-7  C.  918-6-rl9=48-84 


a.  At  weight,   8122-88 
S.  Hornblende. 

8  5i=  1781-98 
8  Ag       763-6 
1  Ca        861*49 


(.  atoms  of  add  and  bases,  7.    e.  atoms  of  elements,  80- 

A.  2846-92-T-2-98  (sp.  gr.)  =971-6 
R  971-6-1-7=188-8  0.  97  l-6-r20— 48-68 


a.  At  weight,   2846*92 
4.  Hornblende,  aluminous  varietiea 

tf.  Var.  From  Wolftberg  in  Bohemia,  analysed  by  Goscfaen. — The  analyab  eaam 
pocKli  to  the  ratio  21all+li9e-f-7  5i+4  da-|-6  lilg.    We  attempt  no  formula. 

7    Si  s=b4041*17    6.  atoms  of  bases  and  adds,  20.    e,  atoms  of  el6meQt%66w 
A.  9824-18-^8-16  (sp.gr.)  =8119 
E  8119-r20=166-96  C.  8119't-66»a47-26 


2i£l 
liFe 
4    da 

6  'i&% 


1604-6 
1600K) 
1406-96 
1272-6 


If  ^gr.  =3-167,  then  0=47-0 


Atwa#it»  9824-18 
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h.  Var.  GbmtiiiDe.    AiMtyuB  b^  Olwibrcidi  (P(W<»  ^^  ^6^)> 

8    Si  sMlS'id    &  atoms  of  add  and  bases,  28^.    e.  atoma  ofekmeotSfKM^^ 
A.  10096*27-r-81S7  (ap.  gr.)  ik8^9 
B.  a229-f>28is^884  C.  8229^-6^—^*^8 


4    f^e 
24  Ca 


866*78 
1800-00 
1004*28 
1817-80 


a.  At  weigH  10096*27 

c  Orammatite  of  Aker,  Booadorft  The  analysis  giyes  8*17  5i+2'17  Sl+8'6  Oa 
-f8*6  2ilg+0'6  ^e.  As  above,  we  take  the  analyi^  as  it  is,  witbout  attempting  to 
fedooo  H  to  the  limits  of  a  fbrmnla. 

8*1 7  Si  ss  471 6*6    6.  atoms  of  acid  and  bases,  28*1 8.  e.  atoms  of  elements,  69*1. 
A.  9888*4-r2'96  (sp.  gr.)  »8888*8 
E  8888'8-r2814Bl44  C.  8888*8-f-69*l«r48*24 


«*17  5l 

1892*7 

8^    Oa 

1266*4 

8^    &g 

2188*7 

0-6    *e 

270*0 

a.  At  weight,  9888*4 

XIT.    SeapotUe,  (Oa,  ^a)8  8i>+2H  8l— IMofiief^  CaS  9i+2Sl  %— Ifmisrttt, 
&»  Bi+8Xl  Si— 2>t^  4(Ca.  JTa)  5i+8a  Bl 

Thitme  scTtfal  compounds  OTstalUae  alike. 

1.  ScapoliteL 

4  Si   ■*2809'24    6.  atoms  of  aoid  and  bases,  9.    e,  atoms  of  elflments,  81 

5  21       1288*6  A.  4686*72-r2'7l  (sp.  gr.)  »1729*4 

1  *ra        890*9      R  l729*4-r9a«1921  C.  l729-4-r82««64 

S  Oa        702*98 


&  At  weight,  4686*72 

IManate. 

8  Si   »1781*98 
2  H      1288*6 
8  Oa      1064*47 


b,  atoms  of  asid  and  bases,  8.    e.  «tans  of  etanents,  28. 

A.  4070-^*2*612  (sp,  gr.)  «-1668*2 
E  1668*2-r8nl94*8  C.  1668*2'^28«=66*66 


a.  At  weight,  4070K)0 
S.  Weraerite— From  Tmiaberg  and  Ersby,  as  analysed  by  Walmstedt  and  Norden- 


sU91d. 


4Si 
8% 
36a 


02809*24    (.  atoms  of  add  and  bases,  10.    c.  atoms  of  elements,  87. 
1926*4  A.  6289*11-^-2*77  (sp.  gr.)  :«1909 

1064*47    R  1909^10s»190*9  C.  1909-r87=61*6 


a.  At  weight,  6989*11 

t  IXpyro. 

7  Si  «4041*17 

8  ib  1926*4 
2  ]5ra  781*8 
2ea        702*98 


6.  atoms  of  acMl  and  bases,  14.    e,  atoms  of  elements,  61. 

A.  7461*86^2*646  (sp.  gr.)  a:2816 
E  2816-7-14s201*l  C.  2816-r61as:66*21 


«.  Atweig^  7461-86 
1.  Btanowite.— (<te,  &g)*  3i'+8SlSl    This  scapolit«4ika  wokmaX  1mm  Ai 
BslM;0=:6t. 


e2188; 
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6.  Wernerite^-WoUrs  analyBis  of  a  PiugM  Tia4eij  wnttspaodB  rerj  domly  witli 
CftS3i+2icl  Si  (althoogfa  referred  to  the  abore  Wer&erite  formda  by  RammelBberg.) 
8  Si  ^1781-98    b.  atoms  of  add  and  bases,  7.     c.  atoms  of  elemeoli.  26. 
2  X!       1288-6  A.  87 18-5 1^2-7 12  (sp.  gr.)  =tl8TM 

2  6a        702-98    B.  187ll-r7=»196  C.  18711^26=62^ 


a.  At  weighty  8718-51 

Idocrase  has  its  vertical  axis  to  that  of  Scapolite  as  6 : 4,  and 
Zircon  to  that  of  Idocrase  as  6 : 5.  For  comparison  we  here  in- 
sert the  atomic  volume  of  Idocrase. 

2    Si  :=:1154'62  (.  atoms  of  add  and  basee,  6.    c  aloms  of  elenignti,  10. 
1    H      641*8  A.  2688*72-r8'4(^gr.)s384816 

2i  Ca      987*8  K  84816-r63sUl*86  848*16-rl9cs44'64 

i  te       160* 


a.  At.  weight,  2883*72 

The  atomic  volumes  of  Scapolite,  Xdocrase  and  Zircon,  are  as  54 :44'64 : 41*05. 

XV.  TlOc.— Different  rarieties,  "Ag^  Si4,  Jiig4  5i&,  JtgSl 

1,  4  Si    =2809*24    b.  atoms  of  add  and  base,  7.  v*^.  atoms  of  elecneot^f?, 
8  iStg       763-6  A-  8072-74-r2-7  (sp^.)=ll^ 

R  1188-7-7=162-67  C.  1138-r22=61*78 

a.  At  weight,   8072*74 

2.  5  Si    =2886*55    6.  atoms  of  add  and  base,  9.    e,  atoms  of  ekmesls,  28. 
4  fig     1018-0  A.  8904'55-r2*7  (sp.  gr.)  =1446 

R  1446-^9asl60^  '     a  1446-7-28=4 1*64 

a.  At.  weight,  8904-55 

8.    1  Si   =  577-81    5.  atoms  of  add  and  base,  2.    e.  atoms  of  dements,  6. 
1  Ag       254-5  A.  881*81-r2*7  (sp.  gr.)  =8081 

B.  8081-7-2=154  C.  308*l-r-6=51*86 

a.  At  weight,    881*81 

XYL    Ifpidtt*  ftsSi+2fiSi^0reAair  2(l|8  Bl+fi80  +  fi[   of  the  Ural; 
&»  Si+»  Si+fi,  of  Hitteroe. 

Orthite  has  been  sl^pwn  by  Eokscharoy  (Mia  Ges.  St  Petersb.,  1847,  p.  147,  and 
this  Journal  [2],  riii,  125),  to  have  the  crystallization  of  Epidotei  M:T  in  Bpidota 
=114®  25' ;  in  Uralorthite  114°  55'  Kokscharov;  in  Cerine  116<>  Rose.  The  abort 
formulas  of  Orthite  are  recent  results  by  Rammelsberg,  (PoggendoHTs  Annalf^ 
bom,  98, 1849.)  This  author  also  calcinates  the  atomic  volume  ooireeponding  to 
the  specimens  analyzed,  and  obtains  for  Epidote  having  the  formula  (Oas  Si)+ 
*2(f%l+i9e)Si,  the  atomic  weight  4809-63,  and  4809'68-r3*4  (qpigr.)»1268. 

For  Orthite  of  the  Urals  (in  which  6:^=1-2  $'e+2'4(0e,tA)+2-4  6ft;  and  ^h=l*5  SI 
-H)-59e),  the  atomic  weight  6911-82;  and  6911*82-rS'598=1921. 

For  the  Orthite  of  Hitteroe,  in  which  8&=0'6  ^0-^1*2  Ce-Hl'2  Ca;  and  9=0*7 
Sl-H)'8  9e,  the  atomic  weight  8518*72;  and  8518-72-^8*459  (spi  gr.)  =1017. 

Rammelsbeig  thence  observes  that  the  atomic  volumes  of  these  minemls  are  as 
1:1*5:0*8, "or  perhaps"  as  4:6:8. 

If;  however,  as  heretofore,  we  divide  the  aggregate  atomic  volmne  obtained  fay 
Rammelsberg  by  the  number  of  atoms  of  the  elements,  we  obtain 

1.  For  Spidote  1268-f-26=46-265 

2.  For  Orthite  of  the  Uiak  1921-r40=48-t»6 
8.  For  the  Orthite  of  Hitteroe  1017-Hnt=9i6'4S 
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A  doie  relatkn,  ezliibitiDg  Batie&etoiil j  tbe  iBtbnate  lelftiioBs  of  ihe  eompomidi. 
IMridiDg  bj  the  number  of  atoms  of  bases  and  adds,  gives  respectiYely  1 268-r  8^1 58*6, 
1921-rl8=147-7,  1017-r7=145-3. 

4.  We  add  another  example— a  S^aUite  from  Rothlaue  analyzed  by  Rammelsberg, 
(Pogg,  Ixriii,  609.; 

8    3f  ssl  731-98    h.  atoms  of  add  and  bases,  8.    e.  at<Mna  of  elements,  28. 
1|  3fcl     1069-7  A,  4189-48-r8-887  (sp.  gr.)  =1287 

iFe      888-88    R  1287-f^=154-6  0.  1287-7-28=44-2 

8    Ca    1054*47 


0.  At  weight,  4189*48 
Eem  44*2  is  but  little  below  the  determination  for  i^idote. 

XVIL  7%«  Feldspar  FamUy.—ln  Orthodase  and  Albite,  Ryacolite  and  Labrador- 
its,  Lozodase  and  Oligodase,  we  have  three  examples  of  dimorphism. 
L  Orthodase,  ItSi+^lSi^- — Form  monoclinic 

4  Si    ss2809'24    6.  atoms  of  add  and  bases,  0.    c,  atoms  of  elements,  28. 

1  H  641-80  A.  8689*90-r2'55  (sp.  gr.)  =1888 

1  fc  688*86     R  1888-r6=281-8  0.  1388-r28=60*4 


d.  At  weight,    8689-90 
1  Albite,  ftSi+a!l^§i3.— Form  tridinic. 

4  5i    3=2809-24    b.  atoms  of  add  and  bases,  6.    e.  atoms  of  elements,  28. 

1  ffl         641-80  A.  8841-94-r2*61  (sp.  gr.)  —1 280-4 

1  STa        890-9      R  1280-4H-6=218*4  0.  1280*4-r  28=66-67 


&  At  weight,  8341-94 
t.  Ryacdite,  &Si-f  sitlSl— Monodinic 

2  §i    ssl  164*62    6.  atoms  of  add  and  bases,  4.    e.  atoms  of  elements,  15. 

1  M         641-80  A.  2286-88-r2-68  (sp.  gr.)  =867*0 

i  ifsk         293-2      R  867-r4=216-7  C.  867-rl5««57-8 

i  t  147-21 

&  AL  wdgfat,    2286-88 
4.  Labradorite,  :ftSi+£l3l— -Tridinic. 

2  5i    =1154*62    6.  atoms  of  add  and  baaee,  4.    e.  atoms  of  elamenta,  16. 
1  M         641-80  A.  2147-91-r2-7  (sp.  gr.)  =796*6 

1  Ca         861*49    R  795*6-7-4=198-9  0.  796*6-rl6=58-08 

0.  At  weight,     2147*91 
6.  Lozodase,  t  Si  +&  Si2.— Monoclinic 

8  Si    =1781*98    b.  atoms  of  add  and  bases,  6.    c  atoms  of  elements,  19. 

1  3El         641*80  A.  2779*62-7-2*615  (sp.  gr.)  =1068 

I  ifTa         244*81     R  1068-t-6=212-6  0.  1068-rl9=56-0 

i  i  78-61 

i  Oa  87-87 

&  At  weight,    2779-52 
<.  (Higodase,  B  Si-f^  Si^.— Triclinia 

8  Si    =1781*98    6.  atoms  of  add  and  bases,  5.    e.  atoms  of  elements,  19. 
1  a         641*80  A.  2761*49-r2-66  (sp.  gr.)  =1088*8 

I  Sa         260-66      B.  1088-8-r5=207*66  C.  1088-8-i-l«=B54-647 

i  Ca         117-16 

&  At  weight,    2761-49 
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We  observe  that  the  triclinic  form  in  each  of  these  three  cases 
of  dimorphism  has  the  highest  specific  gravity,  and  the  bnoest 
atomic  weight,  and  therefore  the  lowest  atomic  volume. 

1.  Anorthite,  ^3  Bi+SaJ^Bl—Triclinic 

4  Si    £=2809*24    ^  Atoms  of  acid  aad  baaee^  10.    e.  atooM  of  dments,  S7. 

3  a       1926-40  A.  (289-1  l-r2'7=:l 959 

8  Oa       1064-47     B.  1959-7-10=sl96'9  C.  1959-i-t7=52-96 


«.  At  weight,    6289-11 

8.  BauUte,  ]Ct  Si8+^  9i«.— MoDoclinie. 

'   8  Si    =4618  48  6.  atoms  of  add  and  bases,  10.    c:  atoms  of  elements,  $9. 
1  21         641-80  A.  6760-l(H-2-«4  (sp.  gr.)  =2178 1 

i  :^A        19646  B.  2l781-rl0=217-81  C.  9l78-l-r89=66-85 

1  £  294-43 

a  At  weight,    67601 6 

9.  Vosgite,  lt3  Sia+3Xl  Si— Triclinic 

6  Si    =2886  65  b.  atoms  of  acid  and  bases,  11.    c  atoms  of  elements,  41. 
3  Xl        1926-40  A.  6929-66-r2^37  (ip^gr.)  =2166*6 

2i  Ca         843-68  R  21666-rll=197  C.  2166-6-r41=62^ 

i  ^a        166-86 
in         117-77 

d.  At  weight,    6929  66 

10.  Andesine,  &3  Si^  +  3X1  Si2.— Triclinic. 

8  Si    =4618-48    6.  atoms  of  add  and  bases,  14.    e.  atoms  of  elemeots*  5S. 
8  XI       1925-40  A.  7776-16-^2-67  (sp.  gr.)  sb2912^ 

H  j^a        686-86    B.  t912^4-M4=S08  0.  2912-4-7-68=56-0 

1  06        861-49 
i  £  294-48 


a.  At  weight,   777616 
11.  Leudtc,  iet3  Si2  +8XlSi3.— Monometric. 

8  Si    334618-48    6.  atoms  of  add  and  bases,  14.    «.  atoms  of  elements,  68. 

8  XI        1926*40  A.  8810'46-r2*486=8848-16 

8  fi:         1766^58     K  8848-M4=238-8  0.  8348-^68=68-08 


a.  At  weight,   8810-46 

As  Andesine  and  Leucite  have  essentially  the  same  composition 
and  the  compound  is  therefore  dimorphous,  we  here  observe  again 
that  the  triclinic  form  has  the  highest  specific  gravity  and  lowest 
atomic  weight,  and  as  a  consequence,  the  lowest  atomic  volume. 

XVIIL  Petalite,  (Li,  ]Sra)8  Si4  +  4Xl  ^i^—Spodwnene,  (Li,  Sa)3  5i*+4Xl  gia, 
^AndaluHte,  Sl3  Sia. 

1.  Petalite. 

80  Si  sssll646'20  6.  atoms  9t  add  and  bases,  27.   e.  atoms  of  elements,  106. 
4    Xl        2667-20  A.  14815-31-r2-44(8pigr.)  =6071-8 

81  Li  408-78  B.  6071 -8-^27=2 2496  0.  607 1-8-r  106=67-8 
i    JTa         29818 

0.  At  weight.    14816-31 
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IS  Si    =6t27-72  A.  «toroi  of  acid  aod  b—M,  19.    c  atoiasof  9leaieiit8,74. 
4    £l        8667-20  A.  10196'88-f-8l7=x8216-7 

Jili  408^8  R  821«-7'rl9=l6M  C.  821«-7^74x=*8-47 

}    STa         29818 


c  At  weight,    10196  88 

Pekilite  has  the  structure  of  AfMifor^  although  not  conform- 
ing to  the  general  rule  for  the  feldspar  fannil7  in  having  the  oxy- 
gen of  the  peroxyds  to  that  of  the  protoxyds  as  3  : 1,  but  instead 
as  4: 1.  It  also  approaches  Orthoclase  in  its  atomic  volume.  B 
equalling  2249  and  C  57*31,  while  in  Orthoclase  6^231*3  and 
0^60*4.  Spoduniene,  on  the  contrary,  although  a  lithia  species 
like  petalite,  and  having  also  the  above  ratio  4 : 1,  differs  in  its 
cleavage  and  in  its  crystalline  form,  and  is  also  widely  removed 
(rom  the  feldspars  in  its  atomic  volume. 

t.  Andaltiiita. 

2  Si    :=:1154-62    h,  atoms  of  add  and  base,  5.     €,  atoms  of  eluwunto^  88. 
8  i^        1926-40  A.  8080-02-r8'2  (sp.  gr.)  ■■962*6 

a.  At  volume,  8080D2     B.  962  6-^6=19«•6  C.  962-6-r28=s41'86 

Andalusite  has  therefore  the  atomic  volume  of  Spodumeoe,  for 
C  equals  4185,  while  in  the  above  it  equals  43*47.  Moreover 
the  angle  of  the  rhombic  prism  is  nearly  the  same,  it  being  in 
Andalusite  91^  33',  in  Spodumene  93^,  We  may  hence  con- 
dode  that  the  crystallization  of  Spodumene  is  not  oblique  like 
the  Feldspars  and  Petalite  (although  often  so  considered),  but 
trimetric  like  Andalusite,  and  that  the  two  species  are  isamorpkoue. 

XDL  AnaMms,  85igi2+Sa3  5ia+6fi,— ««Wt<*,  Na  a+*a3  31+8^  Si,— 
Bauyne  2Ca  5+f^a3  Si+8&  Si,— iVWan  ffa  S+ Jfa3  Si+3£l  §1 

Tliese  species  are  introduced  here  for  oomparison  with  Leudte.  They  seeon  t9 
diow  that  the  mooometric  form  in  these  silieates  is  connected  with  a  high  atomic 
fohane,  the  amount  exceeding  that  of  the  monocUnic  as  well  as  tridinic  feldspaok 

L  Amldme. 

5  Si    =4618*48    6.  atoms  of  bases  and  add,  20.    e.  atoms  of  element^  6(. 
8  3tl        1925-4  A.  8891-46-^2068  (sp.  gr.)  =4067-7 

8  Sa       1172-7      R  4067-7-^20»40«-88  0.  4067-7-^6«»6«-48 

6  ft  674-88 


6.  atoms  of  bases  and  acid,  11.    e.  atoms  of  elements,  89. 

A.  6141-64-r«'29  (sp.  gr.  of  Vesurian  yar.)  =2682 
R  2682-rll=244  0.  2682-r89«68-77 

Spi  gr.  of  ^h!«6nlaiid  Sodalite,  2*87.    Thence  0=66*46. 


0.  At  weighty 

8891*46 

ISodalite. 

4  Si    =2809-24 

821 

1926-4 

8Jra 

1172*7 

INa 

290i^ 

101 

44S-8 

A  At  weight, 

6141*54 
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eS    .: 

=1000- 

43i 

2809-24 

sSl 

1926-4 

SlfTa 

1172-7 

20a 

709-98 

a.  At  weighs 

,    7110-82 

4.  NoseAo. 

45i    : 

=2309-24 

sXl 

1926-4 

4fra 

1663'8 

IS 

60000 
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h.  atoms  of  baaes  aod  add,  14.    e.  atoms  of  elements,  49. 

A.  7llO-82-r2-46  (sp.  gr.)=2902^ 
R  2902-2-rl4««207-8  0.  2902-2-t-49=59-28 


^.  atoms  of  acids  and  bases,  12.  c.  atoms  of  dements,  48. 

A.  6298  24-^2  8  (sp.  gr.)  =2788  86 
B.  2788-86-7-12=228-2  C.  2788-86-t-48=«8  eS 


a.  At.  weight,  6298-24 
XX.  KyanUe,  2^3  '&i2^BueholzUe,  &  SL 
1.  Eyanite. 
Atomic  weight  as  for  Andalusite,  8080K)2.       A.  808002-r8-62  (sp.  gr.)  =860^ 
B.  860-88-^6=170•166  C.  860  88-r-28se87-0 

8.  Buchollfite. 

1  §i     =  677*81     6.  atoms  of  acid  and  base,  2.    <r.  atoms  of  elements,  9. 
1  ^  641-80  A=:121911-rS*4  (mean  sp.  gr.)  =868-66 

a.  At.  weight,     121911     B.  868*66-r-2=l79-28  C.  858-66-r9«=89-84 

jikio  Si&  (from  Bowen's  and  Hayes's  analyses  of  SiUimanite)  giyet  (G=8*41,  Bow- 
en).  A=1916-8;  B=l74-2;  0=8832. 

The  true  nature  of  the  mineral  bucholzite  has  long  been  in  doubt 
on  account  of  the  varying  results  of  analysts.  Successive  exper- 
imenters have  placed  SiUimanite  with  kyanite  and  bucholzite ; 
and  finally  Prof.  Silliman,  Jr.,  has  recently  united  the  three. 
The  above  results  show  that  the  distinct  chemical  compounds  are 
identical  nearly  in  atomic  volume ;  we  may  conclude  therefore  that 
three  or  more  compounds  exist,  as  Hermann  assumed  in  his  paper 
on  "  heteroraerism  ;"  and  analysts  instead  of  proving  one  another 
in  error  have  in  fact  examined  the  different  species. 

We  observe  also  that  of  the  two  forms  of  the  compound  Xl»  Si*, 
the  triclinic,  as  before,  has  the  higher  specific  gravity  and  lower 
atomic  weight,  and  consequently  the  lower  atomic  volume. 

XXL  LeucopyriU,FeAB-^A[Upkkd,Fe82^YeAB,'—WhiUlr<mPj^^ 
1.  Leucopyrite. 

1  As   =940  c  atoms  of  elements,  2. 

1  Fe        860  A.  1290-r7-228  (sp.  gr.)  =17847 

«.  At  weight,      1290  C.  1 7  8-47-r 2=89-24 

[If  As  is  a  doable  atom,  then  l78-47-r8=69-49] 
S.  MispickeL 

1  As  srs940  c  atoms  of  elements,  6. 

2  S  400  A.  2040-^6-127  (sp.  gr.)=888 

2  Fe       700  C.  888^6=66*6 

a.  At  weighty  2040  [Considering  As  a  double  atom,  888-r6=56-6] 
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X  Wbifte  Inm  Pyrites. 

2  S     ^s40d  c  atoms  of  elemeDte,  8. 

1  Fe        860  A.  760-r4'76  (ap.  gr.)  =167'56 


<L  At  weight,     750 

C.  157-56-T-8=62-52 

The  atomic  Tohmies  of  these  minerals  are, 

If  As  is  a  single  atom. 

89-24 

66*8             52-52 

If  As  is  a  doable  atom, 

59-49 

55-5             52-52 

These  species  have  each  a  rhombic  form ;  but  as  Prof.  G.  Rose 
has  observed,  they  appear  to  differ  too  widely  lo  be  considered 
isomorphous.  The  angles  M :  M  are  respectively  122^6',  1 1 FSS' 
and  106^3(y.  This  chemist  also  remarks  that  the  elements  arsenic 
and  sulphur  are  very  diilerent  in  crystallization,  and  therefore  we 
have  no  good  authority  for  assuming  them  to  be  isomorphous.  If 
we  admit  As  to  be  a  single  atom  the  atomic  volumes  are  widely 
different;  but  if  a  double  atom,  they  approximate  rather  closely. 

In  this  connection,  the  atomic  volume  ofolivenite  (with  which 
Libethenite  is  isomorphous)  may  be  stated.  The  rhombic  prism 
has  M;M  (  aP)  =  109oi(K,  Poc  =  84046^•  while  in  white  iron 
pyrites  aP= 106O3(Kand  P  ac^SPSO',  inMispickei  ocP=  11F63' 
andPoc  =  8008^ 

b.  atoms  of  acids  and  bases,  6.    e.  atoms  of  elements,  16. 

A.  8402-04-f-4185  (sp.  gr.)  =822-74 
B.  822-74-T-6==187-12  C.  822-74-rl8=51-42 

[If  As  is  a  double  atom,  then  e=l7,  and  0=348*4.] 


1.  Ofirenite. 

ilM 

=1080-08 

if 

2281 

46a 

1986-4 

Ifi 

112-48 

0.  At  rotoBus,  8402-04 

iP 

=  892-8 

4eu 

1986-4 

ifl 

112-48 

b,  atoms  of  acid  and  bases,  6.    c.  atoms  of  elements,  16. 

A.  299118-T-8-7  (sp.  gr.)  =80848 
R  808-43-r 6=1 84-74  C.  808-48-r  16=50-58 

0.  At  Yohmie,   2991-18 

XXIL  NitraU  of  8oda^  Carbonate  of  Mangane9e^Carbonat«  of  Rno^Light 
JUdSOverOre,    (see  p.  220.) 
1.  Nitrate  of  Soda,  Sa  ft ;  R :  R=106«  88'. 

1  ]^a  =  890*9      6.  atoms  of  add  and  base,  2.    c.  atoms  of  elements,  8. 
1 S  67506  A.  1065-96-7-21  (sp.  gr.)  =5076 

c  Ai  weight,    106596    R  607-6-r2=258-8  C.  507-6-r-8=68-45 

1  Csrbonate  of  Manganese,  iinO;   R :  R=106951 '. 

1  'iHa  =  444-7      b.  atoms  of  add  and  base,  2.    e.  atoms  of  elements,  5. 
1  G  275-  A.  719'7-r-3-592=200-4 

a.  At  weight,     719-7      R  200-4~2a=100-2  C.  200-4-r-5=40-l 

t  OtfboDate  of  Zinc,  ^n  0,  R :  R=107<'40'. 

1  2n  =  506*6      b.  atoms  of  add  and  base,  2.    e.  atoms  of  elements,  5. 
1  0  275*  A.  781-6-r4-4  (sp.  gr.)  =177*6 

«.  At  weight,      781-6      R  l77*6-r2=88*8  C.  177*6-h5s»S«-ft 
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4.  light  Red  Silver  Ore,  3Ag  S+As  S3  ;  R :  R=107*>3«'. 

8  Ag  =940&0*00    b.  atoms  of  ba»e  and  acid^  2.    c  aftoma  of 
94(K)8  A.  6190-08-i-6-6=1126 

1200-00     B.  1126-r2=562-6.  C.  1126-4-10=112-6. 


10. 


1  As 
6S 


At.  weight,    6190-08 


C.  1126-rll  (if  As  i»  double)  =107 


6.  I>ark  Red  SUver  Ore,  8Ag  S+Sb  S3. 


8  Ag    =4050^ 
Sb        1612-8 
6  S  1200- 


A.  6i62-80-r-6-8  (sp.  gr.)  =1188 

C.  1188-r  10=1 18-8 


a.  At  weight,     6862*8 

C  in  nitrate  of  soda  and  carbonate  of  manganese  (which  are 
nearly^  alike  in  angle)  is  as  2 : 3.  Carbonate  of  zinc,  isomorphous 
with  carbonate  of  manganese,  has  C  =35-5,  the  angle  R :  R  being 
a  degree  larger.  The  relation  between  C  in  carbonate  of  zinc 
and  light  red  silver  ore  (in  which  the  angle  is  nearljr  the  same) 
approaches  closely  1 : 3, — three  times  C  of  zinc  being  106-5, 
while  C  in  the  silver  ore  is  112-5. 

XXXIL  ArragoniU,  M:M,  lU^W-^White  Lead  ore.  111 ^W^StrontiaaUte, 
Ul^ir—WitheriU,  US^90'^NUrmte  of  Potaah,  1 19<>— Awriwm^,  116«>16'. 

1.  Arragunite. 

1  Oa  =  861*49    b,  atoms  of  add  and  base,  2.    e.  atoms  of  elements,  6. 
1  C  276-  A.  626-99-r2-93  (sp.  gr.)  =216 

a.  At  weight,     626-49    B.  216-t-2=108  0.  216^6=i8"« 

2.  White  Lead  ore. 

1  Ph    =1394-6  A-  1669-6^6-6  (sp.  gr.)  =268 

2  0  276-0      R  263-r2=126-6  C.  268-r6=60^ 


a.  At  weight,      16696 

8.  StroDtianite. 

1  Sr    =  647-8 
1  0  276* 

922-8 
4.  "Wltherite. 

1  6a  =  956-6 
1  0  276- 

1231-6 
6.  Nitrate  of  Potash. 

1  ft    =  688-86 
1  H         67606 

a.  At  weight,    1268-92 
6.  Bonmonite. 

6  Cu    =2370- 
6  Pb       7767- 
8  Sb        4B48-4 
18  S  8600- 


A.  922-8-r8-66  (sp.  gr.)  =262-7 
B.  262-7-2=126  C.  262-r6=60-64 


A.  1231-6-r4-8  (sp.  gr.)  =2864 
B.  286-4-r2=:148-2  C.  286-4-r6=67-8 


6.  atoms  of  add  and  base,    e,  atoms  of  elements,  8  [or  9]. 
A.  1268-92-rl-987  (sp.  gr.)  =6626 


R  662-6—2=326-2 


C.  662-6H-8=81-66 


e.  atoms  of  elements,  88. 
A.  18686-4-r6-766  (sp.  gr.)  =3228-8 

C.  8228-8-r88x=97-6 
[8228-3-r36  (Sb  being  double)  =89-6] 


«.  At  wwgfat,  18685-4 
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We  have  added  eereral  acknowledged  isoinorphs  that  the  na* 
tnie  of  the  series  may  be  understood,  preparatory  for  comparison 
with  the  other  species.     This  series  is, 

ne^w       117013'       nmv       i\s^3(y 

43  606  6064  67-3 

In  the  above  series  there  is  a  change  of  14*3  in  atomic  vohime 
for  a  change  of  2^  20'  (or  140^)  of  angle.  This  is  equivalent  very 
nearly  to  0*1  for  V.  The  differences  between  the  first  and  second 
in  this  series  and  between  the  third  and  fourth  correspond  nearly 
with  this  rate. 

To  appreciate  the  relation  of  atomic  volume  between  nitrate  of 
potash,  and  the  other  species  of  the  series,  we  compare  it  with 
witherite  which  is  nearest  it  in  angle,  and  find  the  ratio  nearly  of 
3 : 2.  With  reference  to  boumonite,  we  should  compare  with 
arragonite,  which  is  nearest  it  in  angle ;  or  perhaps  more  correctly 
with  a  nunaber  still  smaller  than  the  atomic  volume  of  arragonite, 
since  the  angle  is  nearly  a  degree  less.  The  true  ratio  we  cannot 
decide  upon  without  further  investigation. 

We  observe  that  the  atomic  volume  in  the  arragonite  series  in- 
creases with  the  angle  while,  as  shown  by  Kopp,  it  diminishes  in 
the  calc  series.  Moreover  the  species  with  a  prismatic  form  have 
a  higher  atomic  volume  than  the  rhombohedral;  and  in  the 
species  calc  spar  the  two  series  overlap. 

^C  AgC        feC  SnC        CaC         l^bC         SrO         6aO 

1070-W     107026'     107<>0'       106<>51'     106^15' 
15-5  S6-25         87-70  40-1  4624 

43-  60-6  60-54         678 

116<>10'     117°1S'     117°19'     118<>30' 

We  sbonld  hence  expect  that  if  either  of  these  species  were 
dimorphous  like  calc  spar,  it  would  be  those  nearest  to  calc  spar. 

The  species  chrysolite  and  those  of  that  series  differ  from  ar- 
ragonite in  having  M  :  M^  119^  —  120^,  and  as  the  angle  of  the 
arragonite  series  enlarges,  the  crystallization  of  the  two  approzi- 
Diates.  The  atomic  volume  of  the  chrysolite  series  varies  from 
40  to  46,  and  this  is  near  arragonite. 

We  add  here  the  calculations  for  two  species,  one  of  which 
approaches  chrysoberyl  and  the  other  arragonite. 

Copper  glance  (€q  S)  has  M:M=1 19^6',  and  ft  brachydiagoiial  prism  =126^40'» 
wUk  chrysoberyl  has  M :  M=119^6r  aod  a  brachydiagonal  prism  =180<*. 
eu  =  798-S  A.  908-2-r6-7  (sp.  gr.)  =174 

S  200-  0.  174-^3=68 

998  2  [or  if  €a  18  A  single  atom,  174-r2=67] 

As  2C7q  is  isomorphons  with  1  Ag  and  other  metals,  the  last  value 
of  the  atomic  voliune  appears  to  be  most  correct.     This  gives 
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the  ratio  to  the  chrysolite  series  of  3 : 2.  Serpentine  has  44,  to 
which  if  one-half  be  added,  it  becomes  the  atomic  volume  very 
nearly  of  copper  glance. 

Brittle  8a9<fr  Ore  (SprddgU8erz=6AgS+SbS»)  has  M:M3:116039^  and  one 
of  its  brachydiagonal  prisms  72^82' ;  while  afragonite  has  the  corrasponding  anglea 
116O10' and  69022'. 

6  Ag  :=8100-  A.  11612-8-T-«-5==n71 

1  Sb       1612-8  C  1771-7-16=110^ 

9S         1800- 


11512-8 
lliia  result  gives  the  ratio  of  3 : 1. 

We  do  not  decide  here  whether  these  minerals  are  proper  iso- 
morphs  or  not  of  the  groups  with  which  they  are  compared. 

Topaz  in  one  position  has  nearly  the  axes  of  cbrysoberyL 
They  are  given  by  von  Kobell  as  follows — 

For  Chrysoberyl,  05800 : 1 : 0  4702 
For  Topaz,  04746 : 1 :  0-5281 

and  the  latter  is  the  same  approximately  as  the  former  reversed. 

GalculaUng  the  atomic  volume  of  topa*  (Al  F»+SiF3)-|-2Xl3  Si»,  we  find 

4  Si    =2809-24  c.  atoms  of  elements,  56» 

6  all        8860-80  A.  820416-r-8-5(8p,  gr,)  =23440 

2  Al  .      841-8  C.  2344-r56=42-e 
6  F          1426-0 
1  Si          277-31 


820415 
The  atomic  rolome  thus  corresponds  with  that  of  the  chiysolite  series. 

The  following  are  some  comparisons  of  dimetric  and  hexagonal 
species,  alike  in  the  length  of  the  vertical  axis.  The  coincidences 
of  atomic  volume  cannot  be  deemed  accidental. 

Axil.  Atomic  volume. 

( Vesuvian,  dimetric,  0-5345         4464 

\  Dioptase,  rhdmbohedral,   0  5295         46*44 

5  Rntile,  dimetric,  0  6555         407 

I  Arsenic,  rhmbohedral,     0*6938         163  ( <ss4  x  40*76) 

C  Scapolite,  dimetric,  0-44  54* 

\  Nepheline,  rhambohedral,  0-4629         56-66 
(Beryl,  "  0-4993         53-46 

5  Tungsten,  dtmc^rtc,  10488         503 

I  Chabazite,  rkombohedral,  10798         51-6 

It  is  obvious  that  these  observations  are  but  the  introduction 
to  a  subject  of  gieat  extent,  and  of  the  widest  interest  to 
science. 
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I  defer  for  another  occasion  what  bad  been  prepared  upon  the 
monometric  species,  and  conclude  with  a  table  of  the  results  here 
published,  and  a  brief  enunciation  of  some  of  the  conclusions 
flowing  from  the  facts  detailed. 

▲  TABULAR  VIEW   OF   THE   RESULTS. 

The  relations  of  atomic  volume  will  be  at  once  apparent  frcun 
the  following  table;  I,  as  exhibited  in  the  column  of  aggregate 
atomic  volumes  (column  A), — 2,  in  that  of  the  aggregate  divided 
by  the  number  of  atoms  of  acids  and  bases  (column  B), — 3,  that  of 
the  aggregate  divided  by  the  number  of  atoms  of  the  elements 
(column  C). 

1.  CrystaUizaiion  clinometric. 


A. 

R 

0. 

L  Pyroxene,  monoclmic,  Ist  var,  (Ca,  ]&[g)3  Si^, 

687- 

127-4 

45-6 

2dvar,(Cla»]{lg,*'e)3  5i2, 

646-2 

129- 

46-1 

Sd  var,  (Hedenbergite,) 

678-4 

134-7 

48-1 

4ih  Tar.,  (Hudsonite,) 

706*0 

141-2 

48-9 

6th  var^  *e3  8i2, 

674-7 

186- 

48-2 

6th  yar.,  An^  §12, 

684*8 

186-9 

48-9 

1  Acmite,  monodinic, 

918-6 

188-7 

48-84 

tHomWende,  «      IstYar, 

971-6 

188*8 

48-68 

2d  var^  (ahmuBons,} 

.    , 

166*96 

47-26 

8d  var. 

, 

188-4 

48-48 

4th  Tar, 

. 

144-0 

48-24 

4.  Borax,  moDodinic, 

1891*6 

1070 

46-88 

«.  Glauber  salt,  - 

1290*6 

107-64 

49-6 

I.  Epidote,  monodinic, 

1268* 

168-6 

45-286 

iZcriaite, 

1287- 

154-6. 

44-2 

1921- 

147-8 

48-026 

4.  Orthite  of  Hitteroe. 

1017* 

145-8 

48-48 

1.  OrtbodBse,  monodinic, 

1888- 

281-8 

60-4 

1  Rjacolite, 

867* 

216-7 

67-8 

8.  Lozodaee, 

1068* 

212-6 

66^ 

4.  Builite, 

2178*1 

217-81 

66-86 

ft.  Albite,      tridinic, 

1280-4 

21S-4 

66-67 

«.  Labradofite,   *< 

796-6 

198*9 

68*08 

7.  Oligodase,      " 

1088*8 

207-66 

64-647 

8.  Anorthitc,       « 

1959* 

196-9 

62-96 

».  Voegite, 

2166-6 

197* 

52-84 

10.  Andestne, 

2912-4 

208* 

65-0 

11.  Petalite, 

6071-8 

224*96 

67-3 

1.  Kyanite,  tridmic,  il3  gi», 

860-88 

170165 

87-0 

IBocholxite,    «      XlSi, 

858-66 

179-28 

89-84 

8.  Sniimamte,  5l«  5i*  (Bowen's  analysis), 

1916-8 

174-2 

88-82 

L  Chromate  <d  lead,  monodinic, 

888-8 

166*9 

66*6 

IMunazifte, 

617*26 

164*8 

61*44 
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81 

Digiti 


zed  by  Google 


84S 


J.  D.  Dana  om  Vm  Iwmorphimm  and 


2.  Hexagonal  or  RhombohedraL 


A. 

B. 

C. 

1.  I^MCoUur  iron,  Hfi'>6S\ 

iw- 

.    . 

88-4 

2.  Alumioa,  (Oonrndum,)  S6'>04t\ 

161-7 

.    . 

82-8 

«.  Phenadto,  88^12', 

864* 

88-5 

86-4 

i.  Artcnic.  86O04', 

•    •. 

,    , 

168- 

5.  Antimony,  Sl'^SS' 

.    . 

.    . 

240-66 

6.  Ksmuth,  87O40', 

•    . 

•    . 

186-76 

n,  Tenurimn,  Se^S?'. 

.    • 

.    . 

129-86 

a  Ottmum.  84^62', 

.    . 

.    . 

124-26 

1.  Qutrt^  WW, 

218- 

,    , 

64-5 

2.  Chabajdte,  94<>i6', 

4662-4 

148- 

61-6 

1.  Cinnabar,  71^47', 

ISO- 

,    , 

90* 

2.  Endialyte,  78«>40'. 

2882- 

188-2 

68-1 

1.  Beryl,  (old  at  wt  of  Ghidna,) 

2612-7 

228-4 

68-46 

2.  NepheUne, 

1478-2 

210-6 

66-66 

1.  Talc,  &g3  Si«, 

1188- 

162-67 

61*78 

2.     -     ftgiBift. 

1446- 

160*7 

61*64 

8.    "    AgSi, 

8081 

164* 

61-86 

1.  Oarbonato  of  lime,  105<=>06',  (from  Kopp,) 

281-20 

166^60 

46-24 

2.          **           lime  and  magneda  (dolomite,)  lOe^'lS 

',  202-86 

101-18 

40-47 

8.          •*           manganese,  106<»61', 

200-4 

100-2 

40-1 

4.  Nitrate  of  soda,  106'>88', 

607-6 

268-8 

68-46 

6*  Carbonate  of  iron,  107*^, 

188-60 

94-26 

87-70 

6.          **           iron  and  magnema,  (mesitine,)  107*^14 

',   186-26 

98-18 

87-26 

7.          *           magnema,  107'»26', 

181-26 

90^2 

86-26 

8.          «            zinc,  IO704O', 

177-6 

88-8 

86-6 

9.  Li^t  r«d  nlver  oro,  107<'86', 

1126- 

662-6 

112-6 

la  Dark  red  alver  ore,  108<»18', 

1188- 

691-6 

118-« 

tritnetric* 

1.  Chrysobeiyl,  (new  atomic  weight,) 

216*18 

108*9 

80-9 

old  atomic  weight. 

1800-9 

186*8 

87-16 

von  KobeU*8  at  wt, 

488-7 

144-6 

8614 

2.  ChiyeoUie, 

416* 

104- 

41-5 

8.  ViUarttte, 

1916-8 

100-86 

41-66 

4.  Serpentine, 

2068-6 

109- 

44-9 

6.  Eptom  aalt. 

881- 

98* 

44- 

ft.  Picroamioe, 

1887* 

122- 

46-«$ 

l.Topaa, 

2844- 

.    . 

42-« 

1.  Sulphur, 

98-4 

.    . 

98-4 

2.  Soorodite, 

894-78 

149-12 

471 

8.  Selenium,  (acknowledged  iBomorpboos  with  sulphur,)  116* 

.    . 

116- 

L  White  iron  pyrites,  (dimorph  with  common 

pyrites,) 

IO6O86', 

167-66 

, 

62*52 

2.  Graphic  tellurium,  107<'44', 

1187-6 

.    . 

118-76 

8.  Celestine,  104«>, 

294-2 

1471 

49* 

4.  Heavy  spar.  IOI04O', 

828*64 

161-82 

6S-W 

6.  Angleaite,  108<'49', 

801-67 

160-88 

60^7 
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A. 

R 

C. 

1.  Aadahnite, 

962-5 

192-5 

41-85 

2.  Spodmnene, 

8216-7 

169-8 

48*47 

1.  Leooopyrite— M  •  "ingle  atom. 

178-47 

89*24 

As,  a  doable  atom, 

^    . 

59*49 

1  mtpAei    — Afl,  a  angle  atom, 

888- 

66-6 

.    . 

55-5 

8.  White  iroD  pjiitea,  (as  aborej 

167-66 

52-52 

4.  OliTenite, 

822-74 

187-12 

61-42 

6.  libethenite, 

808-43 

184-74 

60-58 

1.  Anragomte,  116«>10', 

216* 

108* 

48-2 

1  White  lead  <Mre,  in°18', 

268- 

126-5 

60-6. 

8.  Strontianite,  117^19', 

262- 

126- 

50-54 

4.  Witherite,  118O80', 

286-4 

148-2 

57-8 

6.  Nitrate  of  potash,  119®, 

662-5 

826-2 

81-66 

6.  Boumonite,  llS^ld', 

8228*8 

.     . 

97*5 

1.  Ckypper  gUnoe,  119<'86', 

174- 

.    . 

58  or  67 

1.  Skittle  nlyer  ore, 

1771* 

.    . 

110-7 

4  CrystalKzatwn 

dimetric 

1.  Scheelite,  (tungstate  of  lime,) 

801-6 

160-8 

50-3 

1  Tungstate  of  lead. 

855-9 

177-9 

69-3 

8.  FerguBonite, 

967*5 

188-2 

57-0 

hliioaa. 

870-3 

18616 

41-15 

1  Rutile, 

122-8 

40-7 

8.  Tbore, 

184-4 

.    . 

44-8 

1.  BeapoUte, 

1729-4 

192-1 

54* 

IMekmite, 

1658*2 

194*8 

55*65 

1  Wemerite, 

1909- 

190-9 

61-6 

4.Dipyre, 

2816* 

201*1 

55*21 

6.  Baraowite, 

2188* 

194* 

52* 

«.  Wernerite,  Parga«> 

1871*1 

196- 

52*7 

1  Qdilenite  (Rammelsbeig^  analjBifl), 

2505-8 

166*6 

51*18 

LIdocraae, 

848*16 

141*86 

44-64 

1.  Anataee, 

184-0 

•    . 

44*66 

1  Hom  qnicknlyer. 

261*8 

•    • 

180*65 

1.  Lendte, 

8348* 

288-8 

63*08 

2.  Annlramft 

4057-7 

20288 

62-48 

8.Haaj^e, 

2902*2 

207-8 

59-23 

4.Ko8ean, 

2788-86 

228-2 

63*68 

1.  8odalit*-Sp.  gr.=2-29. 

2682- 

244- 

68*77 

Sp.  gr.=2-87, 

.    . 

.     . 

66*45 

Conclunonsfrom  the  preceding  facts. 

L  The  law  of  Isomorphism,  in  view  of  the  facts  detailed,  has 
greatly  widened  limits.  It  inchides  the  received  law — Like  or 
homologous  compounds  of  isomorphous  elements  are  isomorph-^ 
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OU8 ;  and  also  the  more  general  law, — Unlike  compounds,  of  the 
same  or  different  elements,  may  be  isomorphous,  and  when  so, 
they  are  alike  or  proportional  in  atomic  volume. 

IL  Cleavage  may  differ  among  substances,  and  yet  the  species 
be  isomorphous.  Thus  augite  and  hornblende  have  different 
cleavage;  anatase  and  horn  quicksilver;  sulphur  and  seorodite. 
This  is  a  point,  however,  which  requires  much  more  investigation. 

III.  The  relations  of  atomic  volume  shown  in  the  three  cohimns 
arc  all  of  interest,  but  especially  those  in  the  third  or  C  column. 
The  C  relation  is  seen  to  be  in  general  a  relation  of  approximate 
equality,  while  the  A  relation  when  simple  is  usually  one  of  mul- 
tiple ratio ;  and  sometimes  it  is  far  from  simple.  'J'he  C  relation 
exhibits  the  comparative  character  of  the  monoclinic,  triclinic  and 
monometric  feldspars,  in  a  simple  and  obvious  manner,  while  from 
the  A  relation,  no  deduction  could  be  made:  and  so  in  other 
cases  where  general  principles  are  concerned.  The  C  relations 
often  show  a  consistent  difference  between  a  substance  with  its 
allies  and  others  unlike,  when  no  such  difference  is  apparent  iu 
the  A  relations.  The  C  relation  moreover  exhibits  the  differences 
which  are  compatible  with  a  ratio  of  equality,  and  hence  enables 
us  to  compare  more  correctly  the  A  relations.  It  is  unnecessary 
to  review  here  the  ratios  in  the  C  column.  We  mention  only  a 
few  cases  of  the  ratios  (approximate)  apparent  in  the  A  column 
which  in  many  cases  are  simple  and  deserve  full  consideration. 
We  take  the  number  for  the  si)ecies  first  mentioned  in  each  para- 
graph as  the  unit  for  comparison  with  the  others. 

1.  Pyroxene,  di£  rar^  1 ;  acmite  H;  hornblende  1^;  borax  2;  glauber  ealt  3. 

2.  Epidote  1 ;  zoisite  1 ;  Ural  orthite  1|;  Hitteroe  orthite  ^. 

8.  Ortboclase  1 ;  ryacoliie  f ;  loxoclase  f ;  baulite  1^ ;  albite  1 ;  labradorite  f . 
anorthite  l^-,  voegite  l^;  andesine  H;  petalite  4^. 

4,  Kyanite  1 ;  bucholute  -^j ;  sillimanite  (one  Tar.)  2^. 

6.  Quartz  1 ;  ehabazite  20.  In  deducing  the  ratio  here  as  in  other  caiea,  w  htkre 
tome  reference  necessarily  to  the  difference  observed  in  the  C  ratios. 

6.  Talc,  Ist  var.,  1 ;  2d  var.,  1^ ;  8d  var,  ^ftV-  In  the  C  column  the  nombert  art 
Dearly  equaL 

Y.  Chrysolite  1 ;  chrymberyl  ^  (or  1) ;  yillarsite  4*6 ;  serpentow  6 ;  Epaom  mH  S  ; 
picrosminc  8^. 

8.  Rutile  1 ;  zircon  8. — ^9.  Scheelite  1 ;  fergusonite  8. 

We  do  not  pursue  this  further,  as  the  ratios  are  readily  deduci- 
ble  from  the  table. 

IV.  The  view  of  Scheerer,  that  three  of  water  may  replace 
one  of  magnesia,  if  true,  is  only  true  for  a  special  case  or  set  of 
cases,  and  is  subordinate  to  the  more  general  law  of  atomic  vol- 
ume. If  true,  we  should  expect,  in  dividing  the  aggregate  atomic 
volume  by  the  number  of  atoms  of  the  elements,  that  it  would 
be  right  to  reckon  three  atoms  of  water  as  eqivalent  to  one  of 
magnesia,  instead  of  counting  each  element  as  equal  to  one  ;  but 
the  facts  observed  are  opposed  to  this  course. 
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The  Gerhardtion  principle  that  protoxyd  bases  replace  per- 
oxyds,  is  also,  when  true,  only  a  special  case.  The  relations  of 
the  feldspars  do  not  appear  to  be  explicable  on  Gerhardt's  princi- 
ple; nor  the  relations  of  the  varieties  of  scapolite  or  hornblende. 

T.  Species  of  the  same  atomic  volume  may  be  wholly  unlike 
in  crystallization,  and  hence  volume  alone  does  not  seem  to  de* 
tarmine  the  form,  duartz  has  the  atomic  volume  (C)  of  the  feld* 
spars— an  interesting  fact  in  view  of  their  frequent  association-* 
and  the  A  relation  between  it  and  albite  is  I :  C ;  yet  there  is  no 
isomorphism  between  them.  The  fact  that  the  two  forms  of  a 
dimorphous  substance  diSer  but  little  in  the  calculated  atomic  vol«- 
tuney  (often  much  less  than  one  of  the  forms  differs  from  another 
isomorphous  with  it,)  appears  to  be  a  case  in  point.  Yet  if  in« 
stances  of  dimorphism  are  also  instances  of  isomerism,  it  is  pos- 
sible that  the  volume  may  actually  be  double  that  which  is  de* 
duced.  We  have  much  therefore,  to  ascertain  on  this  point, 
before  we  can  determine  the  true  relation  of  form  to  volume. 

¥L  There  are  difficulties  in  the  way  of  applying  these  princi- 
ples to  some  compounds,  arising  from  doubts  with  regard  to  the 
atomic  weights.  But,  as  in  the  case  of  hydrogen,  (which  is 
doubled  by  the  Berzelian  school,)  these  investigations  seem  to 
afford  data  for  arriving  at  the  truth. 

YIL  Since  the  relations  of  atomic  volume  are  exhibited  through 
the  volume  of  the  elemental  molecules  of  compoimds,  it  may  be 
inferred  that  the  elemental  molecules  are  not  combined  together 
or  united  wUh  one  another  in  a  compound;  but  that,  under  their 
mutual  influence,  ecLch  is  chaiiged  alike  and  becomes  a  mean  r^ 
nUi  of  the  molecular  forces  in  action.  If  the  elemental  mole- 
cules were  actually  combined,  as  is  usually  supposed,  the  atomic 
volume  of  the  aggregate  should  be  the  atomic  volume  of  the  com- 
pound ;  so  that  in  all  comparisons  between  different  substances, 
these  aggregate  results  should  present  the  true  relation.  But,  it 
appears  that  the  trtie  atomic  volume  relation  is  found  in  the  ele- 
mental molecules  of  compounds,  and  much  less  clearly  or  uni- 
formly in  the  aggregate  results.  This  inference  is  at  variance  with 
received  ideas  on  chemical  combination ;  yet  if  our  premises  are 
correct — we  admit  they  need  farther  investigatioo-^-we  see  not 
bow  to  avoid  it. 

We  add  an  additional  word  upon  the  name  applied  to  isomorph- 
ism among  unlike  compounds.  Heferomerism,  as  stated,  is  nn- 
meaning,  this  term  being  the  correlative  of  isomerism,  which  has 
DO  relation  to  isomorphism.  Heteromerous  isomorphism  is  in 
itself  applicable ;  but  the  word  isomerous  is  in  use,  and  heterome- 
rous, if  employed  at  all,  should  correspond  in  signification.  As 
the  above  terms  are  therefore  objectionable,  we  suggest  as  appro- 
priate and  significant,  the  expressions  isonomic  and  heterononiic 
isomorpkism;  the  isomorphism  being  m  one  case  between  homol- 
ogous substances,  or  those  of  like  law  or  proportion  in  constitti* 
tioD,— and  in  the  other  between  substances  imlike^in  constitution.!^ 
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Abt.  XXVI. — Observations  on  the  Size  of  the  Brain  in  va- 
rious Races  and  Families  of  Man;  by  Samuel  George 
Morton,  M.D.* 

I  HAYE  great  pleasure  in  submitting  to  the  Academy  the  results 
of  the  internal  measurements  of  six  hundred  and  twenty-three 
human  crania,  made  with  a  view  to  ascertain  the  relative  size  of 
the  brain  in  various  races  and  families  of  man. 

These  measurements  have  been  made  by  the  process  invented 
by  my  friend,  Mr.  J.  S.  Phillips,  and  described  in  my  Crania 
Americana,  p.  253,  merely  substituting  leaden  shot,  one-eighth  of 
an  inch  in  diameter,  in  place  of  the  white  mustard-seed  originally 
used.  I  thus  obtain  the  absolute  capacity  of  the  cranium,  or  bulk 
of  the  brain,  in  cubic  inches;  and  the  results  are  annexed  in  all 
ihoBQ  instances  in  which  I  have  had  leisure  to  put  this  revised 
mode  of  measurement  in  practice.  I  have  restricted  it,  at  least 
for  the  purpose  of  my  inferential  conclusions,  to  the  crania  of 
persons  of  sixteen  years  of  age  and  upwards,  at  which  period  the 
brain  is  believed  to  possess  the  adult  size.  Under  this  age,  the 
capacity-measurement  has  been  resorted  to  only  for  the  purpose 
of  collateral  comparison  ;  nor  can  1  avoid  expressing  my  satisfac- 
tion at  the  singular  accuracy  of  this  method,  since  a  skull  of  a 
hundred  cubic  inches,  if  measured  any  number  of  times  with 
reasonable  care  will  not  vary  a  single  cubic  inch. 

All  these  measurements  have  been  made  with  my  own  hands. 
I  at  one  time  employed  a  person  to  assist  me ;  but  having  detect-  . 
ed  some  errors  in  his  measurements,  I  have  been  at  the  pains  to 
revise  all  that  part  of  the  series  that  had  not  been  previously 
measured  by  myself.  I  can  now,  therefore,  vouch  for  the  accu- 
racy of  these  multitudinous  data,  which  I  cannot  but  regard  as 
a  novel  and  important  contribution  to  Ethnological  science. 

I  am  now  engaged  in  a  memoir  which  will  embrace  in  detail 
the  conclusions  that  result  from  these  data ;  and  meanwhile  I  sub- 
mit the  following  tabular  view  of  the  prominent  facts.  (See  op- 
posite page.) 

The  measurements  of  children,  idiots  and  mixed  races  are  omit- 
ted from  this  table,  excepting  only  in  the  instance  of  the  Fellahs 
of  Egypt,  who,  however,  are  a  blended  stock  of  two  Caucasian 
nations, — ^the  tme  Egyptian  and  the  intrusive  Arab,  in  which  the 
characteristics  of  the  former  greatly  predominate. 

No  mean  has  been  taken  of  the  Caucasian  racef  collectively, 
because  of  the  very  great  preponderance  of  Hindu,  Egyptian  and 

*  From  the  Proceedings  of  the  Academj  of  Natural  Sciences,  Philadeli^ua,  Oc- 
tober. 1849. 

f  It  is  necessary  to  explain  what  is  here  meant  by  the  word  race.  Further  re- 
searches into  Ethnograpluc  affinities  will  probably  demonstrate  that  what  are  now 
teimed  ihejhe  racet  of  men,  wonld  be  more  appropriately  called  grcupt;  that  eadi 
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XJde  diowiBg  the  Sizee  of  the  Brain  in  cnlnc  inches,  as  obtained  from  the  inlenud 
measurement  of  623  Crania  of  various  Races  and  Families  of  Man. 
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Fellah  skulls  over  those  of  the  Germanic,  Pelasgic  and  Celtic 
families.  Nor  could  any  just  collective  compeLvison  be  instituted 
between  the  Caucasian  and  Negro  groups  in  such  a  table,  unless 
the  small-brained  people  of  the  latter  division  (Hottentots,  Bush- 
men and  Australians)  were  proportionate  in  number  to  the  Hin- 
doos, Egyptians  and  Fellahs  of  the  other  group.  Such  a  compu- 
tation, were  it  practicable,  would  probably  reduce  the  Caucasian 
average  to  about  87  cubic  inches,  and  the  Negro  to  78  at  most, 
perhaps  even  to  75,  and  thus  confirmatively  establish  the  differ- 
ence of  at  least  nine  cubic  inches  between  the  mean  of  the  two 
races. 

Lai^e  as  this  collection  already  is,  a  glance  at  the  Table  will 
show  that  it  is  very  deficient  in  some  divisions  of  the  human 
family.  For  example,  it  contains  no  crania  of  the  Eskimauz, 
Fuegians,  Californians  or  Brazilians.  The  skulls  of  the  great 
divisions  of  the  Caiicasian  and  Mongolian  races  are  also  too  few 
for  satisfactory  comparison,  and  the  Sclavonic  and  Tchudic  (Fin- 
nish) nations,  together  with  the  Mongol  tribes  of  Northern  Asia 
and  China,  are  among  the  especial  desiderata  of  this  collection. 

Among  the  facts  elicited  by  this  investigation  are  the  following : 

1.  The  Teutonic  or  German  race,  embracing,  as  it  does,  the 
Anglo-Saxons,  Anglo-Americans,  Anglo-Irish,  &c.,  possesses  the 
largest  brain  of  any  other  people. 

2.  The  nations  having  the  smallest  heads,  are  the  ancient  Pe* 
ruvians  and  Australians. 

3.  The  Barbarous  tribes  of  America  possess  a  much  larger 
brain  than  the  demi-civilized  Peruvians  or  Mexicans. 

4.  The  ancient  Egyptians,  whose  civilization  ante-dates  that 
of  all  other  people,  and  whose  country  has  been  justly  called  "  the 
cradle  of  the  arts  and  sciences,"  have  the  least-sized  brain  of  any 
Caucasian  nation,  excepting  the  Hindoos ;  for  the  very  few  Semi- 


of  these  groups  is  again  divisible  into  a  greater  or  smaller  number  ofprimaiy  races, 
each  of  whicn  has  expanded  from  an  alx)riginal  nucleus  or  centre.  Thus  I  coDcerre 
that  there  were  several  centres  for  the  American  group  of  races,  of  which  the  hi^ 
est  in  the  scale  are  the  Toltecan  nations,  the  lowest  the  Fuegians.  Nor  does  ^is 
view  conflict  with  the  general  jprinciple,  that  all  these  nations  and  tribes  have  had, 
as  I  have  elsewhere  eimressed  it,  a  common  origin ;  inasmuch  as  by  this  term  is  meamt 
only  an  indigenous  relation  to  the  country  they  inhabit,  and  that  collective  ideii> 
tity  of  phyetical  traits,  mental  and  moral  endowments,  language,  &c^  which  charao* 
terizes  all  the  American  races.  The  same  remarks  are  apphcable  to  all  the  other  hu- 
man races ;  but  in  the  present  infant  state  of  Ethnographic  science,  the  designation  of 
these  primitive  centres  is  a  task  of  equal  delicacy  and  diffiralt;^.  I  may  here  observe, 
that  whenever  I  have  ventured  an  opinion  on  this  question,  it  has  been  in  fiivor  of 
the  doctrine,  of  primceval  diverntiet  among  men, — an  original  adaptation  of  the  seve* 
ral  races  to  those  varied  circumstances  of  climate  and  locality,  which,  while  congenial 
to  one  are  destructive  to  the  other ;  and  subsequent  investigations  have  confirmed 
jne  in  these  views.  See  Crania  Americana,  p.  8 ;  Crania  jEgypUaca^  p.  87 ;  Di^ 
tinctiwf  Characterittici  of  the  Aboriginal  Race  of  America,  p.  86 ;  Amiericani  Jcmr* 
nal  of  Science  and  Arts,  1847 ;  and  my  Letter  to  J.  R.  BartUtt,  E$q.t  in  vol.  iL  of  th» 
Transactions  of  the  Ethnological  Society  of  New  York. 
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tic  hexb  will  haidly  permit  them  to  be  admitted  into  the  com^ 
perisoo. 

5.  The  Negro  braio  is  nine  cubic  inches  less  than  the  Teutonic, 
and  three  cnbic  inches  larger  than  the  ancient  Egyptian. 

6.  The  largest  brain  in  the  series  is  that  of  a  Duteh  geotlemani 
and  giFes  114  cubic  inches ;  the  smallest  head  is  an  old  Peruvian, 
of  S8  cnbic  inches ;  the  difference  between  these  two  extremes  is 
DO  less  than  66  cubic  inches. 

7.  The  brain  of  the  Australian  and  Hottentot  falls  far  below 
the  Negro,  and  measures  precisely  the  same  as  the  ancieiU  Peru- 
Yiao. 

8.  This  extended  series  of  measurements  fully  confirms  the 
ftct  stated  by  me  in  the  Crania  Americana,  that  the  various  arti- 
ficial modes  of  distorting  the  cranium,  occasion  no  diminution  of 
its  internal  capacity,  atid  consequently  do  not  affect  the  size  of 
tbelH^in. 


Aw.  XXYIL-^Remarks  on  the  AnerM  Baromeier ;  by  Pro- 
fessor J.  LovKBuio  of  Harvard  University. 

Most  of  the  scientific  journals  of  Europe  and  America  have 
pnblished  descriptions  of  the  new  French  barometer,  as  it  ia 
called.  For  the  construction  of  the  instrument  and  the  history 
of  its  invention  I  may  refer  to  them,  particularly  to  that  con- 
tained in  this  Journal,  September,  1849. 

The  two  ordinary  statical  ways  of  measuring  forces  are,  1st,  by 
means  of  gravity,  and  2d,  by  elasticity.  Our  common  balances 
to  measure  weight  employ  either  the  gravity  of  a  known  coim- 
terpoise  or  the  elasticity  of  a  spring.  In  like  manner  the  weight 
of  a  column  of  the  atmosphere  is  ^termined  when  we  know  the 
height  of  a  similar  column  of  some  known  fluid  which  it  is  able 
to  support  or  the  elasticity  of  some  familiar  substance  with  whidi 
it  is  in  equilibrium.  The  barometer  with  which  all  have  long 
been  familiar  employs  the  first  method.  The  aneroid  barometer, 
which,  as  its  name  implies,  excludes  all  liquids  from  its  construe* 
tion,  is  based  on  the  last  principle,  viz.,  that  of  measuring  weight 
by  eliffiticity. 

This  new  instrument  is  already  manufactured  in  large  numbera 
in  France  and  Chieat  Britain.  Its  adoption  is  recommended  on 
the  ground  oi  accuracy  as  well  as  its  great  strength  and  compact- 
ness. Barometera  are  now  extensively  used,  not  only  for  tracing 
out  the  grand  laws  of  meteorology,  but  also  as  a  practical  guide 
to  the  mariner  to  forewarn  him  of  approaching  storms,  and  an 
indispensable  instrument  of  research  to  the  physical  geographer 
and  geologist.    It  is  highly  important  that  the  mineralogisi,  the 
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natigator  and  the  student  of  general  science  sboidd  know  wtiat 
degree  of  accuracy  may  be  claimed  for  the  new  barometer  and 
bow  far  they  are  allowed  to  trust  themselves  to  ito  indications. 
With  the  hope  of  assisting  those  who  desire  to  form  an  opinion 
on  this  subject,  I  present  the  following  experiments  and  obserra- 
tions,  undertaken  originally  at  the  suggestion  of  Prof.  A.  D.  Bache, 
Superintendent  of  the  U.  S.  Coast  Survey.  The  instroment  em- 
ployed in  this  research  was  furnished  by  Prof,  fiache,  and  bears 
the  mark  1265,  Lerebours  ^d  Secretan,  P^is. 

A  series  of  experiments  was  first  made  with  this  aneroid  ba- 
rometer to  determine  the  whole  range  of  the  instrument.  For 
this  purpose,  it  was  placed  first  under  the  receiver  of  an  exhaust- 
ing piraip,  and  afterwards  under  the  receiver  of  a  condensing 
engine.  In  this  way,  it  was  found  capable  of  indicating  a  change 
of  atmospheric  pressure  which  would  move  the  column  of  mer- 
cury in  a  common  barometer  from  about  twenty  inches  up  to 
thirty-one  inches.  From  the  nature  of  its  construction,  the  index 
eannot  go  beyond  the  point  which  corresponds  to  twenty  inches 
of  the  mercurial  barometer  on  one  side,  or  that  which  corresponds 
to  thirty-one  inches  of  the  same  on  the  other.  How  accurately 
its  march  between  these  limits  agrees  with  that  of  the  mercurial 
barometer  will  appear  from  an  examination  of  Table  I.  The 
pressure  of  the  air  in  the  receiver  of  the  pump  was  obtained  from 
the  mercurial  pump-gauge,  which  was  supplied  with  common 
mercury  and  corrected  for  level  and  capillarity.  This  table  shews 
that,  while  the  index  of  the  aneroid  barometer  is  able  to  move,  it 
moves  farther  than  the  column  of  mercury  under  the  same  change 
of  atmospheric  pressure.  As  it  approaches  its  lower  limit,  how- 
ever, it  will  begin  of  course  to  be  restrained  in  the  amplitude  of 
its  motion,  until,  at  length,  the  diflference  between  the  two  instru- 
ments changes  its  sign.  It  is  obvious  that,  in  the  particular  in- 
strument examined  at  least,  and  for  long  ranges,  similar  changes 
of  pressure  are  not  marked  by  equal  quantities  of  motion  in  the 
index  in  all  parts  of  the  scale.  This  might  be  expected  in  an 
instrument  where  tK>  consideration  is  given  to  the  distinction 
between  potential  and  apparent  leverage.  Besides  this  which 
may  be  called  the  instrumental  error,  there  is  an  irregularity  in 
the  motion  of  the  index,  arising  from  friction,  bending,  or  some 
other  cause,  which  would  interfere  seriously  with  the  accuracy 
of  its  indications  even  if  the  arc  over  which  the  index  moves 
were  so  graduated  as  to  eliminate  the  instmmental  error. 

At  the  meeting,  in  1848,  of  the  British  Association  for  the  Ad- 
vancement of  Science,  it  was  stated  by  Mr.  Lloyd  that  one  of 
his  friends  had  made  a  similar  experiment  to  that  I  have  described, 
and  that  the  indications  of  the  aneroid  barometer  corresponded  to 
those  of  the  pump-gauge  to  within  *0l  of  an  inch.  Such  is  the 
statement  in  the  London  Atheneum,  although  I  find  no  mention 
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made  of  the  subject  ia  the  Report  of  the  Associattoa  for  that 
year.  As  the  reader  is  not  ififormed  to  what  aroount  of  dir^inr 
ished  pressure  the  aneroid  barometer  was  subjected  in  this  case^ 
and  whether  the  difference  above  raentioned  was  the  result  of  ^ 
single  observation  or  the  mean  residuum  of  many,  he  is  not  abl^ 
to  decide  how  far  (he  experitnents  to  which  Mr.  Lloyd  refers  are 
at  variance  with  those  here  published.  I  cannot  say  how  much 
of  the  error  manifested  in  my  comparison  of  the  two  barometeri 
is  fairly  to  be  charged  to  the  general  character  of  the  new  barom*- 
eter,  and  how  much  is  peculiar  to  the  single  instrument  with 
which  I  experimented.  As  soou  as  an  opportunity  offers,  I  desire 
to  submit  other  specimens  of  the  aneroid  barometer  of  English 
and  Preach  constriKtioo  to  the  same  trial. 

My  next  series  of  experiments  consisted  in  a  comparison  of 
the  aneroid  barometer,  day  by  day,  with  the  comnH)n  barometeri 
under  the  ordinary  changes  of  atmospheric  pressure.  The  raer* 
curiai  bafometer  used  for  Uie  purpose  was  made  by  W.  &-  S< 
Jones,  Loudon,  and  is  the  same  as  that  employed  by  Prof  Farrar 
ia  his  barometric  observations  published  in  Volume  IIL  of  the  Me* 
moirsof  the  American  Academy,  Boston*  This  instrument  if 
furnished  with  an  acyustnteot  for  level,  an  attached  thermometer 
and  a  scale  of  correctiorts  for  temperature.  This  correction  as 
well  as  that  for  capillarity  has  been  applied  to  my  observational 
In  this  series  of  experiments  it  was  necessary  to  know  how  much 
the  aneroid  barometer  was  affected  by  a  change  of  temperaturov 
Only  a  partial  compensation  is  attempted  in  the  construction  of 
the  instrument.  An  increase  of  temperature  tends  to  n^ake  the  air 
iu  the  reservoir  expand  in  the  same  way  as  diminished  presstire. 
But  the  same  increase  of  temperature,  by  enlarging  the  metallic 
surfaces  of  the  reservoir  and  increasing  its  capacity,  may  some* 
times  even  oyer-compensate  for  the  increased  elasticity  of  the 
contained  gas.  In  the  instrument  which  I  used  the  compensation 
fell  short;  and  the  amount  of  the  deficiency  was  determined  by 
exposing  the  barometer  side  by  side  with  a  thermometer  to  a 
temperature  of  32^  Fah.  and  reading  the  index,  and  then  exposing 
it  to  a  high  temperature  (in  some  instances  as  high  as  lAkP  Pah) 
and  reading  the  index  once  more.  The  difference  of  the  two 
readings  divided  by  the  difference  of  the  two  temperatures  was 
adopt^  as  the  correction  for  a  single  degree  and  was  applied  to 
each  of  the  observations.  The  value  of  this  correction  as  obtain* 
ed  from  the  mem  of  five  experiments  is  '0021  of  an  inch,  with 
the  same  sign  as  in  the  mercurial  barometer.  The  aneroid  ba- 
rometer in  my  possession  was  not  provided  (as  is  sometimes  the 
case)  with  an  attached  thermometer.  A  thermometer  by  the  side 
of  it  and  not  under  the  same  case  as  the  air-chest  will  not  indi* 
eate  the  exact  temperature  of  the  working  parts  of  the  instrument* 
The  alowneas  with  which  the  index  returned  to  its  old  mark,  aftoir 
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the  barometer  had  been  subjected  to  excessive  heat  or  cold  and 
was  then  restored  to  a  medium  temperature,  manifests  the  impor* 
tance  of  having  the  thermometer  inclosed  as  the  rest  of  the  instru- 
ment. The  standard  of  temperature  adopted  was  56^  Pah.  to  ac- 
commodate the  scale  of  the  mercurial  barometer. 

The  result  of  this  series  of  comparisons  is  contained  in  Table 
n.  Although  the  agreement  is  much  closer  than  with  the  low 
Tanges,  it  falls  far  below  the  requirements  of  nice  scientific  inves- 
tigations. Mr.  David  Purdie  Thompson  in  his  very  recent  ^'In* 
troduction  to  Meteorology,"  has  the  following  paragraph.  ^'  Upon 
comparison  of  indications  made  with  the  aneroid  barometer — not 
eorrected  for  the  particular  temperature — and  a  very  perfect  mer* 
curial  barometer,  given  by  Mr.  Dent,  we  find  that  from  forty-nine 
observations  made  between  the  6th  of  January  and  23d  of  Feb- 
ruary, 1848,  the  mean  diflference  was  0*037  o[  an  inch,  the  aneroid 
being  in  excess ;  and  from  sixty  similar  observations  made  with 
a  standard  barometer,  during  December,  1848,  and  between  the 
8d  and  31st  of  January,  1849,  the  mean  difference  amounted  te 
0*026  of  an  inch,  the  mercurial  being,  in  this  case,  in  excess  over 
the  aneroid  barometer.  Combining  these  observations  ( 109  in 
number)  a  mean  diSerence  amounting  to  0-0025  of  an  inch  is 
found  to  exist,  the  indications  of  the  aneroid  being  in  excess. 
For  general  use  the  instniment  is  thus  shown  to  be  well  suited; 
for  the  measurement  of  heights  it  is  peculiarly  adapted,  from  its 
portability  and  comparative  strength ;  and  for  nautical  purposes 
we  know  of  no  better  instrument." — p.  448. 

Now  it  will  be  observed  that  the  mean  difference  in  the  twenty- 
eight  comparisons  of  the  two  barometers  which  I  have  given 
amounts  to  only  '040  of  an  inch.  So  fieur  as  can  be  inferred 
from  the  value  of  the  mean  differences,  the  comparisons  were  as 
satisfactory  as  in  the  first  set  given  by  Mr.  Thompson.  Still  the 
single  differences  are  large ;  whether  larger  or  smaller  than  in 
If r.  Dent's  observations  I  am  not  able  to  say,  as  Mr.  Thompson 
has  not  given  the  individual  differences.  Provision  has  been 
made  in  the  construction  of  the  instniment  for  diminishing  the 
mean  difference  as  we  alter  the  general  rate  of  a  chronometer. 
If  the  mean  difference  is  eliminated  from  the  comparisons  and 
the  remaining  differences  are  placed  in  a  column  as  in  Table  II, 
they  manifest  by  the  signs  of  plus  and  minus  the  irregularities  of 
the  instrument  in  small  ranges  and  the  errors  to  be  expected  from 
these  irregularities  in  single  observations.  I  have  arranged  the 
same  observations  in  Table  III,  according  to  the  sign  and  the 
value  of  these  remaining  differences.  Prom  the  sign  of  the  dif- 
ferences it  appears  that  when  the  barometers  fall  the  aneroid  falb 
moet,  and  when  the  barometers  rise  the  aneroid  rises  most.  In 
other  words,  the  aneroid  index  moving  on  either  side  of  the  point 
where  it  agrees  with  the  mercurial  barometer  moves  too  fast 
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T*he  experiments  with  the  air-pomp  indicate  the  same  tendencf 
tnore  nneqni^ocally  and  to  about  the  same  proportional  amount. 
For  in  these  experiments,  where  the  barometer  and  the  pomp- 
gauge  were  indicating  the  effect  of  diminished  pressure,  the  ane- 
roid stood  at  the  lowest  point ;  so  that  when  the  elevation  of  the 
mercury  in  the  pump-gauge  is  subtracted  from  the  backward  mo^ 
tion  of  the  index  in  the  aneroid  the  sign  is  always  plus:  at  least, 
tintil  the  lower  limit  of  range  is  approached.  Although  this  is 
the  general  character  of  the  differences,  a  nice  examination  of  the 
observations  shows  that  here  as  well  as  in  the  experiments  with 
the  air-pump  there  are  errors  and  fluctuations  which  cannot  be 
traced  to  any  law  of  the  instrument,  and  against  which  no  pro- 
vision can  be  made. 

Table  IV.  contains  a  series  of  observations  made  with  the  view 
of  ascertaining  the  stability  in  the  levers  of  the  aneroid  barome- 
ter and  the  firmness  of  other  parts  of  the  instrument.  The  in- 
strument was  read  off  before  being  exposed  to  diminished  pre»- 
sore :  it  was  then  noticed  with  what  fidelity  and  dispatch  the  in- 
dex returned  to  its  original  position  when  the  original  pressure 
was  restored. 

In  estimating  the  merits  of  the  aneroid  barometer,  it  must  not 
be  forgotten  that  it  is  single  observations,  indicating  momentary 
changes  of  the  atmospheric  pressure,  on  which  the  navigator  most 
relies.  In  some  of  the  hurricanes  to  which  he  is  exposed,  the 
barometer  occasionally  sinks  so  low  as  to  come  within  the  range 
of  the  experiments  made  with  the  air-pump.  And  yet  here  if 
any  where  the  aneroid  barometer  finds  its  appropriate  sphere.  In 
meteorology,  the  barometer  is  the  most  important  instrument  of 
research.  The  barometer  alone  of  all  the  instruments  in  the 
hands  of  the  meteorologist  is  independent  of  merely  local  changes 
and  gauges  the  atmosphere  to  its  upfier  limit.  But  the  range 
of  atmospheric  pressure  is  so  limited,  that  laborious  series  of  ob- 
servations, with  the  nicest  barometers  that  can  be  constructed,  are 
necessary  in  order  to  develop  the  harmonies  of  this  strangely 
agitated  envelope  of  our  planet.  No  observer  would  be  willing 
to  risk  the  value  of  this  long  labor  by  trusting  to  the  new  barom- 
eter until  its  peculiarities  are  better  understood  than  at  present 
It  may  possibly  happen  that  a  long  series  of  observations  which 
eliminate  irregularities  of  weather  will  eliminate  instrumental 
irregnlarities  at  the  same  time.  The  same  objections  apply  with 
greater  force  to  the  application  of  the  aneroid  barometer  to  the 
measorement  of  heights  above  the  level  of  the  sea.  An  elevation 
of  eighty-seven  feet  depresses  the  mercury  by  about  •!  of  an  inch 
only ;  hence  a  small  error  in  the  barometer  will  entail  a  large 
error  on  the  estimated  elevation.  Moreover,  a  very  long  series  of 
observations  will,  in  this  case,  be  generally  impracticable.  I 
woald  suggest  one  farther  consideration.    The  mercurial  barom- 
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eter  is  in  danger  of  being  broken  when  erposed  to  the  per&  of 
mountain-traveL  In  this  case,  the  damage,  however  great,  is 
known,  atid  no  error  is  introduced  into  science.  Unless  the  tube 
is  broken,  the  instrument  is  so  simple  in  its  construction  that  it 
is  not  liable  to  be  injured  at  all.  It  is  otherwise  with  the  aneroid 
barometer.  To  appearance  it  is  stronger  than  the  old  barometer 
and  can  bear  a  greater  strain  without  being  broken.  On  the 
other  hand,  we  can  easily  foresee  that  it  may  t>e  materially  injured 
without  attracting  the  notice  of  the  observer  at  the  time,  and 
in  this  way  may  conceal  its  own  infirmities  under  its  i4>paieot 
strength. 

Tablk  l 


1849. 


Sept  24. 

1 


Sept  26. 


e 


4.27 

10.10 
1007 
978 

944 
8.46 
7.5« 
6.48 
5.48 
4.45 
338 
a.3a 


up 


io.i3 

lO.II 

10  II 
10.07 

9.75 

0.36 
8.71 
7.67 
667 
5.53 
4.67 
3.34 
a.3o 


4.a58 
7.673 
i5.83o 
i6.o3o 
io.i5o 
9268 
8.216 
7.a64 

6.232 

5.240 
4.388 
3.256 
a.2i4 


I 


18.537 

17.204 

i63d2 

15.280 

10.220 

9268 

8.3f6 

7.274 

6.262 

5.120 

4.238 

3.206 

2.154 


.012+ 
.107+ 
5.730- 
5.060- 
.570- 
.172+ 
.244+ 
.256+ 
.248+ 
.240+ 
.062+ 
.124+ 
.106+ 


Sept  27. 


1042 
10.40 
10.38 
I0.38 
I0.36 
io.3o 
1002 
960 
868 
7.72 
6.79 
5.61 

449 
3.5o 
2.36 


n 


I 


I0.63 
io.5o 
10.33 
9.75 

9.02 

795 
6.93 
5.80 
4.63 

24s 


20.721 
19338 
18.236 
17.294 
i&26a 
i5.o3o 
io.i4o 
9.268 
8.246 

7-224 

6.332 
5.270 
4.208 
3  256 

2.254 


I 


io.3oi 

8.938-  i 

7-«56-  I 

6914- I 

5.932- 

4.730- 

.120- 

.333+ 

434+ 

^96+ 

458+ 

.340+ 

.282+ 

.244+ 

.106+ 


23.035 
16.262 

I0.230 
9.328 

8.4^6 
7.204 
6.33a 
5.270 
4.238 

3.234 


i24o5- 

5.672+ 
.010+ 
422+ 

~  4+ 


.6! 

.53o+ 
.392+ 

.336+ 


Dec.  4.  The  Aneroid  barometer  was  placed  under  the  receiver 
of  a  condensing  pump  and  it  was  observed  that  the  index  only 
moved  forward  to  31,  which  corresponds  to  31  of  the  mercahal 
barometer. 
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Tabub  IL 

Tablb  III 

• 

§  • 

i^ii 

i 

ili! 

ObeervaUoni  in  Table  TI 

,  arranged 

1849. 

Mercari 

reeled  fo 

oapillari 

tenpert 

1 

aecerdiiif  to  the  amoonl 

i  and  tbe 

II  si 

aijrn  of  their  difl'erences.           1 

S    I's 

Dtw.  10 

29932 

39-977 

.045- 

•oo5- 

29.597 

.^- 

If 

30.089 

30.107 

.018- 

.022+ 

3o.3jo 

13 

30.439 

3o.5o7 

.068- 

.028- 

29.447 

.o54- 

i3 

80267 

30.237 

.o3o4> 

.070+ 

29.787 

.044- 

j4 

3o.I22 

3aii7 

.oo5-i- 

.045+ 

3o.i6o 

.033- 

i5 

30.378 

30.397 

.019- 

.021+ 

29.667 

.o32- 

16 

3o.i48 

3o.i47 

.001+ 

.o4i+ 

3o.5o7 

.028^ 

17 

29.870 

Z^l 

.037- 

.oo3+ 

30.090 

.025- 

18 

30.327 

.000 

.040+ 

30.067 

.oi5- 

'9 

3o.5io 
29.70S 

30.537 

.018- 

.022+ 

3o.5i7 

.oi3- 

30 

29787 

.084- 

-044- 

30.207 

.OII- 

21 

30.119 

30.127 

.008- 

.o32+ 

3o.4o7 

.007- 

23 

3o.OI2 

30067 

.o55- 

.oi5- 

39.937 

.007- 

33 

29.353 

3o.2I2 

30.087 

39.447 
29.667 
29.597 
3o.3io 
3o.i6o 

.094- 
.072- 

x>73- 

.o54-* 
.o33- 
.060- 

!o33- 

^29.977 

.oo5- 

34 

Memi, 

3o.o48 

.029- 

1                   JJ 

36 

27 

30.237 

30.117 

.070+ 
.045+ 

38 

Bojioj 

30.447 

.040- 

.000 

30.197 
3o.i47 

.043+ 

39 

30  025 

30.090 

.065- 

.035- 

.041+ 

3); 

30.200 

30.197 

.oo3+ 

.043+ 

30.327 

.040+ 

3i 

3o.ii5 

3o.i47 

^3- 

.008+ 

3o  127 

.o33+ 

i85o. 

3o.i37 

.028+ 

Jao.     3 

3o.36o 

30.407 

.047- 

.07  - 

30.537 

.022+ 

3 

3o.i56 

30.207 

.o5i- 

.011- 

30.107 

.03  2+ 

4 
5 

3o.i25 

29.937 
3o.i37 

.047- 
.012- 

.07  - 
.028+ 

t^ 

^21  + 

.01 3+ 

6 

3o464 

3o.5i7 

.o53- 

.01 3- 

3o.i47 

.008+ 

7 

3o.34o 

3o.3^ 
3o.i38 

.027- 

.oi3+ 

29.907 

.003+ 

Mean, 

30098 

Mean, 

3o.2l2 

.0294- 

DiffMe 

30.098 

•* 

3o.o48 

.040^ 

DifTerem^J      .164 

1849.  Sept.  10.  The  Aneroid  stood  at  3039.  It  was  placed 
nnder  the  receiver  of  an  air  pump  and  the  atmospheric  pressure 
diminished  by  5  inches.  When  the  air  was  admitted,  the  index 
moved  forward  to  30-35.  It  rose  to  30-375  in  two  or  three  min- 
utes. The  following  table  embraces  similar  experiments  with 
their  results. 

Table  IV. 


^1 
-^1 

11 

j 

3> 

'M 

1 

30J90 
3o'48<^ 

1? 
1^ 

i 

m 

1 

Ai 

^ 

ESepL  10. 

30.375 

.01 5-  5  inch 

Sept.  24 

29.760 

29720 

.o4oH 

16  inch. 

3o.53o 

.o5o+5     " 

m 

29.690 

29.680 

.010- 

18    " 

30.375 

3o36o 

•oi5-,5     " 

27 

29.940 

29.930 

.010- 

20    •* 

3o.36n 
30.480 

3o-46o 

•100+ '9     « 
•O3ofl5     *• 

29 

30.170 

3o.o5o 

.120- 

22    « 

3o.5oo 

3u.53oi  3o.53ol  .000    I9     **  \ 
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Art.  XXVIIl. — An  account  of  same  Fossil  Bones  fmmd  in  Ver-^ 
moni,  in  making  excavations  for  the  Rutland  and  Burlington 
Railroad;  by  Zadock  Thompson. 

In  addition  to  the  benefits  derived  directly  from  railroads  ki 
the  business  of  travel  and  transportation,  the  canse  of  science 
and  particularly  the  science  of  geology  is  deriving  indirectly  no 
small  advantage  from  their  constmction.  The  deep  cuttings 
which  these  works  often  require,  expose  tf>e  various  strata  of 
rocks  where  they  have  not  been  affected  by  the  weather  for  the 
examination  of  the  geologist,  and  the  vast  excavations  in  stratified 
sand  and  clay,  and  in  the  confused  beds  of  drift  materials,  exhibit 
not  only  the  relations  of  these  to  each  other,  but  frequentfy  dis- 
close organic  remains  which  shed  new  light  upon  the  early  his- 
tory of  our  earth.  • 

Only  about  four  years  have  elapsed  since  the  construction  of 
railroads  was  commenced  in  Vermont,  and  at  this  time,  nearly 
three  hundred  miles  of  railroad  are  so  far  completed  as  to  be  in 
use  within  the  state ;  and,  while  the  excavations  for  these  roads 
have  conduced  to  a  more  accurate  knowledge  of  the  position,  age 
and  lithological  character  of  the  rock  formations,  they  have  at 
the  same  time  very  unexpectedly  disclosed  organic  remains, 
which  are  of  much  scientific  interest  and  importance.  In  grading 
the  line  of  the  Rutland  and  Burlington  Railroad,  portions  of  the 
skeletons  of  two  large  animals,  both  belonging  to  the  class  wuun- 
maUay  and  to  families  which  no  longer  exist  here  in  a  living  state, 
were  found  deeply  buried  in  the  earth,  and  the  bones  were  for 
the  most  part  in  a  very  good  state  of  preservation. 

Fossil  JElephani.^-^Tne  Rutland  and  Burlington  Railroad  passes 
over  the  range  of  Green  Mountains  in  the  township  of  Mount 
Holly,  at  an  elevation  of  1360  feet  above  the  level  of  the  sea. 
In  the  notch  through  which  the  railroad  passes,  and  very  near 
the  dividing  point  between  the  waters  which  flow  westward  into 
Lake  Champlain  and  those  which  run  eastward  into  Connecticut 
River,  there  is  a  deep  deposit  of  vegetable  muck.  The  cut  foe 
the  railroad  is  through  this  mock-bed.  In  making  it  the  work- 
men, to  their  great  astonishment,  found  an  enormous  tooth.  It 
was  resting  upon  gravel  at  the  bottom  of  the  muck,  which  was 
there  about  nine  feet  deep.  It  was  in  a  very  good  state  of  pres- 
ervation, weighed  eight  pounds,  and  measured  about  eight  inches 
transversely  across  the  crown.  It  was  pronounced  by  Professor 
Agassiz  to  be  a  grinder  of  an  extinct  species  of  elephant  Sub- 
sequently, as  the  excavation  was  continued,  the  two  tusks  and 
several  of  the  bones  of  this  elephant  were  found,  and  it  is  not 
improbable  that  the  remaining  parts  of  the  skeleton  are  still  buried 
beneath  the  same  muck-bed. 
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Fossil  Cetacean. — ^The  fossil  bones,  which  it  is  more  perricih 
larly  the  object  of  this  paper  to  describe,  were  found  on  the  lin^ 
of  the  Rutland  and  Burlington  Railroad  in  the  month  of  August, 
1849,  in  the  township  of  Charlotte,  about  twelve  miles  south  of 
Burlington,  and  a  little  more  than  one  mile  eastward  from  the 
shore  of  Lake  Ghamplain.  In  widening  a  deep  and  extensive 
cut  through  stratified  sand  and  clay,  the  workmen  there  struck 
npon  a  mass  of  bones.  They  were  between  eight  and  nine  feet 
below  the  natural  surface  of  the  ground,  and  were  very  compactly 
bedded  in  fine  adhesive  blue  clay.  Little  notice  was  taken  of 
them  at  first,  until  some  of  the  overseers,  thinking  that  they 
observed  peculiarities  in  the  form  of  several  of  the  bones,  were 
induced  to  commence  an  examination.  They  soon  found  that 
the  bones  discovered  belonged  to  the  anterior  portion  of  the  skelc<- 
ton  of  some  unknown  animal,  the  head  of  which  had  already 
been  broken  into  fragments  by  the  workmen,  and  many  of  the 
fragments  carried  away  with  the  earth  which  had  been  removed. 
On  carefully  removing  more  of  the  clay,  the  vertebrsB  were  found 
extending  in  a  line  obliquely  into  the  bank,  and  apparently  ar« 
ranged  in  the  order  in  which  they  existed  in  the  living  animal. 
These  vertebrae  were,  as  was  supposed,  all  taken  out,  and  together 
with  the  sternum,  fragments  of  head,  ribs,  &c.,  forwarded  to 
Burlington,  and  by  the  kindness  of  Messrs.  Jackson  and  Board* 
man,  engineers  on  the  railroad,  were  placed  in  my  hcmds. 

Upon  a  careful  examination  of  these  bones,  I  ascertained  that 
the  greater  part  of  the  head,  all  of  the  teeth,  and  several  vertebns, 
ribs,  and  bones  of  the  limbs,  were  wanting  in  order  to  complete 
the  skeleton.  To  recover  these  if  possible,  I  immediately  visited 
the  locality ;  and  at  this  and  a  subsequent  visit,  I  succeeded  ia 
obtaining  most  of  the  anterior  portion  of  the  head,  nine  of  th6 
teeth,  and  thirteen  additional  vertebrae,  together  with  the  bones 
of  one  forearm,  several  chevron  bones  and  portions  of  ribs.  My 
first  object  being  to  insure  the  preservation  of  the  bones,  I  care* 
fully  cleansed  them  from  the  adhesive  clay,  and  then  saturated 
them  with  animal  glue. 

When  I  first  looked  at  the  bones,  I  was  in  doubt  whether  they 
belonged  to  an  animal  of  the  cetaceous  or  saurian  family,  but 
my  doubt  was  soon  removed  by  a  careful  examination  of  the  cau- 
dal vertebrae.  These  I  found  to  have  their  articulating  surfaces 
convex  and  rounded  in  such  a  manner  as  to  allow  of  very  exten-^ 
sive  vertical  motion  of  the  tail,  and  but  very  little  lateral  motion. 
This  circumstance  plainly  indicated  that  the  movements  of  the 
animal  in  the  water  were  efiected  by  means  of  a  horizontal 
caudal  fin,  and  that  it,  therefore,  belonged  to  the  family  of 
Ceiacea. 

Fig.  1  represents  the  thirteenth,  fourteenth  and  fifteenth  ver- 
tebrae of  the  tail,  showing  the  manner  in  which  they  move  upon 
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each  other — o,  as  viewed  from  above — 6,  as  seen  laterally. — 
[The  fraction  after  the  No.  of  the  figure,  denotes  the  linear  pro- 
portion of  the  figure  to  the  object  which  it  represents.] 

But,  if  there  had  still  remained  any  doubt  with  regard  to  the 
general  character  of  the  animal,  it  would  have  been  entirely  re- 
moved, when  1  succeeded  afterwards  in  reconstructing  out  of  the 
fragments  of  bones  which  I  had  procured,  so  much  of  the  n(>per 
anterior  portion  of  the  head,  as  to  exhibit  distinctly  its  spirwiea, 
or  blow-holes,  showing  unequivocally  that  it  belonged  to  the 
Whale  family.  My  next  object  was  to  ascertain,  if  possible, 
whether  it  belonged  to  an  extinct,  or  to  a  living  species  or  genos 
of  this  family.  By  a  careful  examination  of  Cuvier's  great  work 
on  Fossil  Bones,  I  became  satisfied  that,  in  the  osteology  of  the 
head,  it  bore  a  strong  resemblance  to  a  small  arctic  cetaceany 
called  the  Beluga,  or  white  whale,  {Defyhinus  leucas,  Cuv.  Oss. 
Fass.i  V,  p.  297,  pi.  xxii,  fig.  5  and  6,  Paris  ed.,  1826,)  and  that 
it  therefore  belonged  rather  to  the  livins  than  to  the  extinct 
types ;  and  this  opinion  was  confirmed  by  Prof.  Agassiz,  to  whose 
unrivaled  skill  and  kind  assistance  in  the  investigation  of  these 
fossils  I  am  deeply  indebted. 

The  head  of  the  skeleton,  as  already  remarked,  was  broken 
into  a  great  number  of  pieces,  but  enough  of  these  have  been 
recovered  and  matched  to  determine  very  nearly  the  form  and 
entire  length  of  the  head  and  of  one  side  of  the  lower  jaw,  and 
of  its  symphysis  with  the  other  side.  The  fragments  of  the  an- 
terior portion  of  the  upper  jaw  were  found  and  matched,  with  the 
exception  of  so  much  of  the  maxillary  bone  as  formed  the  alveo- 
lar margin  of  the  left  side.  The  alveolar  margin  on  the  right 
side  measures  6*85  inches  in  length  and  contains  eight  alveoli. 
In  the  corresponding  side  of  the  lower  jaw  there  are  seven  alveoli 
in  a  length  of  5*5  inches,  the  alveolar  margin  extending  three 
inches  imrther  backward,  but  not  perforated  for  teeth.  Fig.  2  rep- 
resents the  head,  viewed  from  above,  so  far  as  reconstructed, 
and  fig.  3,  a  side  view  with  the  lower  jaw  dropped  a  little  below 
its  true  place. 

It  appears,  from  what  has  been  said  above,  that  the  animal  had 
seven  teeth  in  the  lower  jaw  and  eight  in  the  upper,  on  each  side, 
making  thirty  teeth  in  the  whola  The  teeth  are  all  of  one  kind, 
being  conical  with  fiat  or  rounded  crowns,  and  their  substance  is 
very  dense  and  firm.  They  vary  in  length  from  one  to  nearly 
two  inches,  with  a  diameter  of  about  half  an  inch.  Fig.  4  rep- 
fecents  their  difiereot  forms.  Only  aine  of  the  teeth  have  been 
recovered,  and  none  of  these  were  in  their  places  in  the  jaws 
when  I  obtained  them ;  but  that  they  ^ere  in  their  places  up  to 
the  time  the  bones  were  first  discovered  by  the  workmen,  appears 
evident  from  the  fact,  that,  while  every  other  cavity  in  the  bones 
was  filled  with  clay,  the  alveoli  were  all  empty. 
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Of  the  vertebrae  I  have  secured  forty-one,  of  which  four  are 
cervical,  eleven  dorsal,  ten  lumbar  and  sixteen  caadal.  Three  of 
the  cervical  vertebrae,  the  6rst,  fifth  and  sixth,  are  evidently  miss- 
ing, which,  with  those  obtained,  would  make  seven^  the  usual 
number.  These  vertebrae  are  all  free,  not  being  soldered  together 
as  in  the  common  dolphin  and  some  other  cetaceans.  Pig.  6 
represents  the  third  cervical  vertebra. 

Of  the  dorsal  vertebrae,  the  second  and  twelfth  are  missing, 
making  their  whole  number  thirteen.  Pig.  6  represents  the  sev- 
enth dorsal  vertebra — a,  as  seen  from  behind — 6,  as  seen  laterally. 

Two  of  the  lumbar  vertebrae,  the  sixth  and  twelfth,  are  miss- 
ing, making  twelve  in  the  whole.  Fig.  7  represents  the  seventh 
lumbar  vertebra.  They  all  have  the  same  general  form,  but  the 
lateral  winded  processes  are  more  decayed  and  broken  in  some  of 
them  than  m  the  one  represented.  The  eleventh  and  seventeenth 
caudal  vertebrae  are  missing,  and  perhaps  a  nineteenth  and  twen- 
tieth, making  their  probable  whole  number  twenty.  Fig.  8  rep- 
resents the  fourth  caudal  vertebra.  The  form  of  those  towards 
the  extremity  of  the- tail  may  be  seen  in  fig.  1. 

Prom  these  statements  it  appears,  that  the  whole  number  of 
vertebrae  in  the  skeleton  was  fifty-two.  Eleven  of  these  are 
missing,  two  of  which  are  known  to  have  been  taken  away  after 
they  were  dug  up,  and  may  perhaps  be  recovered.  Articulating 
surfaces  on  the  under  sides  of  the  caudal  vertebrae,  indicate  five 
chevron  bones,  of  which  I  have  all  but  one,  only  the  fourth  being 
gone.     Fig.  9  represents  the  second  chevron  bone. 

The  total  length  of  the  vertebral  colnmn,  (due  allowance  being 
made  for  the  eleven  missing  vertebrae,  but  none  for  intervertebral 
cartilages,)  is  just  ten  feet,  or  one  hundred  and  twenty  inches. 
or  this  length  the  cervical  vertebrae '<2ccupy  eight  inches,  the 
dorsal  thirty-six,  the  lumbar  forty-two,  and  the  caudal  thirty^four. 
The  lumbar  vertebrae  are  largest,  having  an  average  length  of 
about  four  inches  and  a  diameter  of  three  inches.  The  total 
length  of  the  animal,  including  the  head  and  caudal  fin,  must 
have  been  at  least  thirteen  feet.  The  hyoid  bone,  fig.  10,  and 
the  sternum^  fig.  11,  are  both  very  large  and  strong  in  proportion 
to  the  size  of  the  skeleton.  The  former  measures  eight  and  a 
half  inches  in  a  straight  line  from  point  to  point,  and  the  latter  is 
fifteen  inches  long,  from  three  to  seven  inches  wide,  and  on  an 
average  nearly  one  inch  thick.  There  are  four  articulating  cavi- 
ties for  ribs  on  each  side. 

The  ribs  are  considerably  decayed  and  much  broken.  The 
longest  rib,  in  one  piece,  measures  just  twenty-four  inches  along 
the  curve.  The  ribs  which  form  the  anterior  pair  are  very  strong, 
and  unbroken,  and  consist,  on  each  side,  of  two  paru  of  solid  bone 
as  represented  in  fig.  12. 
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Of  the  limbs,  the  two  scapulae,  one  hnmeras,  and  the  two  fore* 
arm  bones  on  one  side,  and  the  uina  of  the  other  side,  are  secured ; 
all  the  other  bones  of  the  fins  are  missing.  Fig.  13  represents 
the  recovered  bones  of  the  left  fin,  in  their  places.  The  height 
of  the  scapula  is  seven  inches,  the  length  of  the  humerus  five,  and 
of  the  forearm  four  inches. 

There  are  several  of  the  recovered  bones,  whose  places  are  not 
yet  ascertained.  Some  of  these  may  be  appendages  to  the  hyoid 
bone  and  others  may  belong  to  a  rudimentary  pelvis.  Professor 
Agassiz  who  has  manifested,  as  already  stated,  a  deep  interest  in 
these  fossils,  has  kindly  consented  to  give  them  that  further  care- 
ful investigation,  and  illustration,  which  their  importance  demands, 
and  for  which  he  is  most  ably  qualified  ;  I  have,  therefore,  placed 
them  in  his  hands  for  that  purpose. 

The  following  measuren^ents  of  the  head,  are  all  that  I  have 
been  able  to  make,  which  admit  of  direct  comparison  with  Cu- 
vier's  measurements  of  the  head  of  the  Beluga,  D.  leucas.  (Oss. 
Poss.,  V,  p.  302.) 

Ungthof^e^he^^f^^^^  212  inches,       582 

**      of  one  side  of  the  lower  jaw,  16  5     "  -408**  =16'6   •* 

**     of  Uie  alveoUu- margin,        "  8  2    "  -198**  =  7-8    " 

«*      of  the  •ymphysis  "  3  1     "  080  •*  =  8  1    " 

From  these  measurements  it  might  be  inferred  that  the  fossil 
and  the  D.  leucas  were  identical  in  species,  as  well  as  in  genus ; 
but,  at  the  same  time,  so  many  points  of  disagreement  have  beea 
observed,  as  to  render  it  highly  probable  that  they  are  specifically 
difierent.    In  the  number  of  teeth,  they  difier,  as  expressed  below. 

Fo9$il.  D.  leuetu. 

Dental  Formulae     ^  ^=30:  ^  J=36. 

They  also  difier  much  in  the  relative  width  of  the  maxillar7 
and  intermaxillary  bones,  as  developed  on  the  upper  side  of  tt^ 
snout,  the  intermaxillary  being  wider  than  the  maxillary  in  Cu- 
vier's  figure,  while  in  the  fossil,  the  latter  is  twice  the  width  of  the 
former.  The  lines  of  the  face  appear  also  to  be  straighter,  and  the 
coronal  process  less  elevated,  making  the  upper  portion  of  the 
head  flatter  in  the  fossil  than  in  the  D.  leucas. 

That  this  fossil  cetacean  belongs  to  the  genus  Delphinus  of 
Linnaeus,  and  to  Lacepede^s  subgenus,  DelphinapteruSy  I  have 
little  doubt ;  but,  as  already  stated,  it  is  highly  probable  that  it 
belongs  to  a  different  species  from  Gmelin's  leucas.  I  would, 
therefore,  propose  Delphinus  Vermontanus  for  its  provisional 
specific  name,  until  its  identity  with  the  D.  leucas,  or  some  other 
known  species,  shall  be  established. 

The  locality,  where  these  fossil  bones  were  found,  is  situa- 
ted a  little  more  than  one  mile  to  the  eastward  of  lake  Champlain, 
and  60  feet  above  the  mean  level  of  the  lake,  as  ascertained  by 
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the  railroad  sunrey.  The  mean  height  of  the  lake  is  90  feet  ' 
above  the  level  of  the  sea,  making  the  height  of  the  point,  where 
the  fossils  were  imbedded,  160  feet  above  the  sea.  The  geolog- 
ical formation,  in  which  they  were  fonnd,  is  very  clearly  character- 
ized. It  belongs  to  that  portion  of  the  Post-tertiary,  which  has 
sometimes  been  denominated  the  Pleistocene  formation.  This 
formation  extends  along  the  whole  length  of  lake  Champlain,  and 
throughout  the  valley  of  the  St.  Lawrence.  On  the  east  side  of 
the  lake,  in  Vermont,  it  frequently  attains  a  width  of  several  miles, 
and,  in  places,  exceeds  100  feet  in  depth.  It  consists,  for  the 
most  part,  of  regularly  stratified  clay  and  sand,  resting  upon  the 
Champlain  rocks,  or  upon  unstratified  drift,  and  portions  of  it  a- 
bound  in  marine  bivalve  fossil  shells.  These  shells  are  of  several 
species,  nearly,  or  quite  all  of  which  are  now  found  in  a  living 
state,  on  the  Atlantic  shores  of  New  England :  and  it  is  common 
to  find  them  with  their  valves  united,  with  their  epidermis  un- 
disturbed, and  buried  in  such  a  position  as  to  show,  unequivocally, 
that  they  lived,  propagated  and  died,  in  the  places  where  they  are 
found.  The  most  abundant  species  is  the  Sanguinolaria  fuscct. 
The  Mya  arenaria,  Saxicava  rugosa  and  l\ifyiilus  edulis  are  quite 
common.     Some  other  species  are  occasionally  found. 

The  cut  for  the  railroad,  in  which  these  fossil  bones  were  ob- 
tained, is  nearly  half  a  mile  in  length,  extending  from  north  to 
aoath,  and  its  greatest  depth  is  about  eighteen  feet.  The  depth 
of  the  cut,  at  the  place  where  the  skeleton  was  found,  is  ten  feet. 
About  four  feet  of  this  depth,  reckoning  from  the  natural  surface 
of  the  ground,  consists  of  sand,  showing  no  signs  of  stratification. 
Next  below  this  is  a  mixture  of  sand  and  clay,  which  is  regularly 
and  distinctly  stratified,  for  a  depth  of  two  and  a  half  feet,  below 
which  is  a  vast  bed  of  fine  blue  clay,  in  w;hich  I  observed  no 
signs  of  stratification,  and  which  appears  to  have  been,  previous  to 
the  deposit  of  the  sand  and  clay  above  it,  a  kind  of  quagmire. 
In  the  lower  part  of  the  stratified  sand  atid  clay,  and  nearly  in 
contact  with  the  upper  surface  of  the  blue  clay,  the  shells  ofSanr 
gvmolaria  fusca  and  Mytihis  edulis  were  exceedingly  numerous. 
Below  these,  imbedded  in  the  blue  clay,  were  the  fossil  bones. 
The  bead  of  the  skeleton  was  towards  the  northwest  and  lay 
lowest,  while  the  body  and  tail  extended  towards  the  southeast. 
The  highest  part  of  the  skeleton  was  about  eighteen  inches  below 
the  upper  surface  of  the  blue  clay,  or  eight  feet  below  the  natural 
surface  of  the  ground.  In  the  clay,  mingled  with  the  bones,  I 
found  a  number  of  specimens  of  Saxicava  rugosa  and  two  or 
three  of  Nucula  ;  and  I  also  found  in  it  such  indications  of  vegeta- 
ble remains  as  to  leave  little  doubt  that  this  clay  bed,  once  and 
for  a  long  time,  constituted  a  salt  marsh,  with  rushes  and  grasses 
on  the  shore  of  the  Pleistocene  sea  that  then  occupied  the  val- 
ley of  lake  Champlain. 

Boris^rtoo,  Vt,  Jan.  1, 1850. 


Digiti 


zed  by  Google 


264 


Meteorological  Journal  at  Marietta,  Ohio. 


Akt.  XXIX. — Abstract  of  a  Meteorological  Journal,  kept  at  Ma- 
rietta, Ohio,  for  the  year  1849,  Lat.  39°  25',  Long.  4°  28'  west 
of  Washington  city ;  by  S.  P.  Hildreth,  M.D. 
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The  mean  temperature  for  the  year  1849,  is  fifty-two  degrees 
and  nine  hundredths,  (52*09),  being  somewhat  below  the  average 
temperature  for  this  place,  and  was  occasioned  by  the  low  grade 
of  the  summer  months.  It  goes,  however,  to  prove  that  the  mean 
heat  for  this  locality  lies  between  fifty-two  and  fifty-three  degrees 
of  Fahrenheit. 

The  amount  of  rain  and  melted  snow  for  the  year  is  forty-two 
inches  and  eighty-nine  hundredths,  being  over  an  inch  less  than 
in  1848,  and  ten  inches  less  than  in  1847.  The  rain  has  been 
very  equally  distributed  through  the  year,  affording  an  abundant 
supply  for  the  crops  generally,  although  some  locations  suffered 
from  drought  in  July,  injuring  the  corn  crop  considerably. 

The  past  year  has  been  marked  by  no  great  excesses  in  tem- 
perature. The  cold  in  January  and  February,  for  a  portion  of 
the  time,  was  quite  severe  ;  sinking  the  mercury  on  the  19th  of 
the  latter  month,  to  two  degrees  below  zero.  It  caused  a  great 
deal  of  floating  ice  in  the  Ohio  river,  so  as  to  stop  the  progress 
of  steamboats  for  a  short  time,  but  did  not  at  any  period  freeze 
over  the  river  so  as  to  afford  travellers  a  passage  on  the  ice.  The 
Muskingum  from  the  slack-water  improvements  was  closed  for 
some  weeks.  The  mean  for  the  winter  months  is  34^  25^,  being 
abdut  two  degrees  less  than  that  of  1848.  Of  snow,  there  feU 
about  fourteen  inches  on  six  different  periods ;  the  largest  amount 
at  one  time  being  six  inches. 
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The  mean  of  the  spring  mcmths  is  82P  33' ;  being  rather  bdow 
tfiat  of  the  previous  year.  Spring  frosts  continued  to  hara«s  ui 
as  late  as  May,  while  on  the  15tb,  16th,  and  17th  of  April,  the  frost 
was  severe,  sinking  the  temperature  to  23^.  It  happened  after  a 
week  of  quite  warm  weather,  and  at  a  time  when  the  pear,  peach 
and  plum  were  in  bloom — ^killing  nearly  all  these  fruits.  The 
apple  did  not  bloom  until  the  27th  of  the  month,  but  the  germs 
were  so  much  injured  that  the  crop  was  almost  entirely  destroyed* 
One  of  the  serious  evils  attached  to  our  climate,  is  the  frequent 
oecurrenca  of  late  spring  frosts  at  a  time  when  fruit  trees  are  most 
liable  to  injury.  The  beginning  of  May  was  marked  by  exces* 
rive  rains,  there  falling  nearly  six  inches  during  that  month. 

The  mean  temperature  of  the  summer  months  is  seventy-one 
degrees  and  five  hundredths,  which  is  about  two  degrees  above 
that  of  184B,  and  exactly  that  of  1846.     , 

At  two  o'clock,  on  the  morning  of  the  15th  of  June,  a  tre* 
mendous  storm  of  electric  fluid  passed  over  this  region,  continu* 
ing  for  nearly  two  hours  to  discharge  a  continual  stream  of  light* 
ning,  accompanied  by  terrific  peals  of  thunder ;  several  dwelling 
houses  were  struck,  and  trees  demolished  in  the  town.  It  ran 
along  the  telegraph  wires  into  the  office  at  Marietta,  and  ruined 
the  magnetic  machine.  There  fell  two  inches  of  rain,  attended 
with  little  or  no  wind.  The  latter  part  of  June  was  quite  wet, 
rain  fiilling  almost  daily,  with  a  hoc  moist  atmosphere,  accompap 
Died  near  the  rivers  with  fogs.  This  state  of  the  weather  baa 
been  noticed  by  agriculturalists,  as  very  injurious  to  the  wheat 
cropS)  falling  as  it  does  at  a  time  when  the  grain  is  forming,  about 
the  middle  or  last  of  June,  producing  a  miWew  or  met  on  the 
bead  and  straw,  and  thus  blighting  the  berry.  The  rust  or  blight 
this  year  prevailed  throughout  all  the  southern  portions  of  Ohio, 
extending  into  Tirana  and  Illinois ;  while  the  nortl^ern  districts 
of  these  states,  Wing  later  in  ripening,  suffered  but  little.  The 
color  of  this  parasite  was  that  of  a  bright  iron  rust,  and  so  abun« 
dant  that  a  cloud  of  dust  arose  from  the  straw  as  it  fell  before 
the  progress  of  the  reapers,  covering  the  garments  of  the  work- 
men with  a  red  powder,  as  if  colored  by  a  dye.  The  same  red 
fungus  attacked  the  leaves  of  the  common  blackberry  bushes, 
near  the  wheat,  and  was  seen  on  the  earth  in  divers  places  in  the 
fields  and  in  some  gardens.  Its  effects  were  ruinous  to  the  wheat 
crops,  shrinking  the  grain  in  the  most  favored  fields  fifteen  or 
twenty  pounds  in  the  bushel,  destroying  its  farina  so  that  mer« 
chantable  flour  could  not  be  made  from  it,  and  causing  a  loss  to 
the  farming  interest  of  several  millions  of  dollars.  Thousands  of 
acres  were  entirely  ruined  and  not  harvested  at  all.  Rye  suffered 
more  than  wheat,  being  somewhat  earlier  in  its  growth.  Grapes 
were  attacked  in  the  same  memner,  the  mouhl  on  them  being 
white,  attaching  itself  to  the  stems,  causing  the  fruit  to  blight 
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Md  &U  to  tlie  grotind.  Potatoes  were  gen&cMy  good  and  free 
Irom  "  the  rot."  IndiaD  corn  was  a  fair  yield,  white  the  hay 
erop  was  never  better.  Our  soil  and  climate  are  so  constituted 
that  if  one  of  the  staples  fails,  some  other  will  supply  its  place ; 
and  it  is  not  probable  we  shall  suffer  from  femine,  as  they  do  in 
litany  parts  of  the  earth. 

The  mean  of  the  autumnal  months  is  fifty-four  degrees  and 
thirty-two  hundredths,  being  nearly  five  degrees  warmer  than 
that  of  1848.  Frost  did  not  materially  injure  vegetation  and 
garden  plants  until  the  first  of  November,  when  the  cold  destroyed 
the  bloom  of  the  Dahlia. 

Floral  Calendar, — March  7,  White  maple  in  bloom;  8th, 
Robin  appears ;  17,  Hepatica  triloba  in  bloom.  Red  elm,  garden 
erocus. 

April  4th,  Apricot,  Sanguinaria  canadensis ;  7th,  Peach ;  8th, 
Sugar  tree  quite  green  on  side-hills ;  1 1th,  Green  gage  and  cherry 
in  bhx)m;  12,  Pear;  16th,  thermometer  at  24^  this  moming, 
froze  hard ;  IGth^  thermometer  23^,  some  snow  fell ;  the  fniii 
blossoms  to  a  large  extent  killed,  and  early  garden  vegetables ; 
25th,  Tulip  in  bloom ;  27th,  Apple ;  Late  cherry ;  29ih,  Judaa 
tne  and  Service  berry. 

Hay  1st,  Ranunculus ;  2d,  Quince  tree ;  5th,  Black  haw ;  7thj 
Oomus  florida;  11th,  Frost  on  fences  back  of  town  ;  19th,  frool 
on  boards ;  24th,  Locust  tree ;  29th,  Hudson  strawberry  ripe. 

June  3d,  Early  peas  fit  for  table ;  15th,  Russian  cucumber, 
faiaed  in  open  air;  19th,  thermometer  12 F  in  the  sun's  rays u 
2  p.  iL ;  22d,  the  Rust  noticed  on  the  wheat,  but  began  as  early 
as  the  15th  in  some  places. 

July  2d,  Wheat  harvest  begins ;  3d,  Catalpa  in  bloom. 

Ifafietta,  Jamuuy  28,  ISfiO. 


Abt.  XXX. — Chemical  Examinaiione  of  the  Waters  of  eofne 
of  the  Mineral  Springe  of  Canada;  by  T.  S.  Hunt,  Chemial 
and  Mineralogist  to  the  Geological  Commission  of  Canada. 

In  the  course  of  my  official  duties  it  has  devolved  upon  me 
to  examine  the  various  mineral  waters  of  the  province  and  to 
•ubmit  the  more  important  of  them  to  accurate  analyses.  The 
first  part  of  the  results  of  these  inquiries  have  already  appeared 
in  the  Report  of  Progress  for  1847,  1848,  which  was  submitted 
to  his  excellency  the  Oovemor  General  on  the  1st  of  May,  1849, 
fiom  which  I  extract  the  analjrses  that  follow.'  Some  remarks  as 
to  the  mode  of  collecting  the  waters  may  not  be  out  of  place  here, 
as  showing  the  precautions  taken  to  prevent  errors  and  to  trane* 
port  the  wmtera  unchanged  to  the  i^ace  of  analysis.    Unlassoiher- 
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wvm  wMbA,  thef  were  always  eoQecled  by  myaelf  from  di* 
spring,  and  put  into  large  glass  jars,  holdiDg  about  one  huodte^ 
pounds ;  these  were  nearly  filled,  and  being  carefully  stopped, 
the  mouths  were  secured  by  a  lute,  which  entirely  excluded  air 
and  prevented  the  escape  of  gases.  For  the  determination  of  the 
^ases,  the  processes  directed  by  Fresenius,  in  his  admirable  trealr 
ise,  were  employed;  they  consist  in  directly  fixing  upon  the  spd 
the  carhcHiic  acid  gas  by  ammonio-chlorid  of  calcium,  and  the 
sulphuretted  hydrogen  by  a  solution  of  chlorid  of  arsenic.  Cars*- 
(ally  measured  portions  of  the  water  being  placed  in  bottles  with 
these  substances,  the  bottles  were  tightly  sealed,  and  could  thus 
be  preserved  until  they  were  brought  to  the  place  of  analysis. 

In  stating  the  composition  of  the  waters,  I  shall  first  give  the 
quantity  of  bases,  acids  and  radicals  in  a  thousand  parts,  wd  the* 
in  accordance  with  the  general  custom,  shew  bow  these  may  ha 
united  to  form  saline  combinations ;  in  following  this  course  I 
hare  conformed  to  the  general  practice  of  chemists,  rather  be- 
cause the  results  are  more  intelligible  to  the  unscientific,  and  H 
the  same  time  more  readily  compared  with  those  of  other  analyst^ 
than  because  the  compounds  thus  calculated  can  be  supposed  te 
represent  the  real  constitution  of  the  water ;  for  in  the  preaeal 
state  of  our  knowledge,  we  nmst,  I  think,  be  led  to  adopt  the 
idea  of  a  partition  of  bases  among  the  different  radicals,  so  thai 
the  bromine  in  a  saline  water  instead  of  being,  as  it  is  here  repr^ 
sented,  in  conformity  with  general  custom,  combined  as  a  bromid 
of  magnesium,  is  divided  between  the  four  metals  usually  preaeiUi 
in  propc^ions  which  we  have  not  yet  the  means  of  determining. 

The  analyses  were  performed  upon  weighed  portions  of  water 
in  preference  to  using  measures ;  and  the  weights,  including  the 
specific  gravities,  were  determined  by  a  delicate  balance  made  te 
order  by  Deleuil  of  Paris,  and  sensiUe  to  the  demi-milligramme, 
when  loaded  with  two  hundred  grammes. 

The  Caledonia  Springs. — These  springs  which  are  well  knowa 
as  a  place  of  resort  during  the  warm  season,  are  situated  a  few 
miles  south  of  the  Ottawa  River,  about  forty  miles  from  Montreal ; 
the  fountains  which  are  foqr  in  number  rise  through  strata  of 
post-pliocene  clay  which  overlie  a  rock  equivalent  to  the  Trenton 
limestone.  Three  of  them,  known  as  the  Gas  Spring,  the  Saline 
Spring,  and  the  White  Sulphur  Spring,  are  situated  within  a  dis- 
tance of  four  or  five  rods,  and  the  mouths  of  the  latter  two  are 
not  more  than  four  feet  apart.  The  fourth,  known  as  the  Inter* 
mittittg  Spring,  is  situated  about  two  miles  distant,  and  is  much 
more  ^ine  than  the  others.  The  first  three  are  alkaline,  the 
sulphur  spring  strongly  so,  while  the  fourth  contains  in  solution 
a  great  quantity  of  earthy  chlorids. 

None  of  these  waters  are  what  are  called  "  acidulous  saline,"  a 
character  which  is  due  to  the  presence  of  lai^e  quantities  of  ciut^ 
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botitc  acid,  the  quantity  of  this  acid  foand,  being  in  no  ease  mom 
than  is  required  to  fonn  bicarbonates  with  the  bases  present 

I.  The  Gas  Sprin^.-^The  waters  of  this  spring  were  colted- 
ed  on  the  27th  of  September,  1847.  The  temperatm^  of  the 
air  being  61*7^  Fahrenheit,  that  of  the  spring  was  44-4  The 
discharge  was  ascertained  by  careful  measurement  to  be  four  gal* 
Ions  per  minute,  a  quantity  which  is  little  subject  to  variation. 
The  water  in  the  well  is  kept  in  constant  agitation  by  the  eecape 
of  carburetted  hydrogen  gas,  which  is  evoiired  in  considerable 
quantity.  It  Was  roughly  estimated  at  the  time,  to  be  three  hoiH 
dred  cubic  inches  a  minute,  but  the  discharge  as  I  was  informed, 
is  often  much  more  abundant. 

The  specific  gravity  of  the  water  was  found  to  be  1006-2.  It 
is  pleasantly  saline  to  tlie  taste,  but  not  at  all  bitter;  by  expoaore 
to  the  air  it  gradually  deposits  a  white  sediment  of  earthy  carbon- 
ates.    Its  reaction  is  distinctly  alkaline  to  test  papers. 

The  examination  of  the  unconcentrated  water  shewed  the  pres- 
ence of  chlorine,  calcium  and  magnesium,  but  when  the  liquid  is 
concentrated  by  boiling,  these  tases  are  wholly  precipitated  as 
carbonates,  and  the  clear  liquid  is  alkaline,  yielding  with  a  solu- 
tion of  chlorid  of  barium,  a  copious  precipitate  of  carbonate  which 
is  dissolved  by  hydrochloric  acid,  leaving  only  a  smatl  quantity 
of  sulphate  of  baryta.  The  alkaline  liquid  being  evaporated  to 
dryness,  and  the  residue  digested  with  alcohol,  the  solution  gave 
evidence  of  the  presence  of  both  bromine  and  iodine ;  the  saline 
«estdt>e  was  found  to  consist  of  salts  of  sodium  with  a  small  por- 
tion of  chlorid  of  potassium.  The  precipitate  of  earthy  carbon- 
ates contained  traces  of  alumina,  iron  and  manganese.  On  evap* 
orating  to  dryness  a  quantity  of  the  water  with  an  acid,  and 
treating  the  residue  with  water,  a  portion  of  silica  was  obtained. 

The  modes  by  which  the  quantities  of  chlorine,  sulphuric  acid^ 
calcium,  magnesium,  sodium  and  potassium  were  obtained,  need 
tio  particular  description.  The  sketch  of  the  plan  of  analyses 
here  given,  wilt  be  sufficient  to  show  the  processes  adopted 
throughout  the  research,  except  that  where  the  waters  contained 
chlorids  of  calcium  and  magnesium,  the  amount  of  these  bases 
was  determined  first  upon  one  thousand  grammes  of  the  water 
evaporated  with  an  acid,  and  then  the  same  quantity  having  been 
boiled  with  the  addition  of  distilled  water  until  ail  the  earthy 
salts  were  precipitated,  the  respective  amounts  of  the  calcium  and 
magnesium,  both  in  the  precipitate  and  filtrate,  were  determined, 
and  those  in  the  latter,  regarded  as  corresponding  to  the  chlorids 
and  sulphates  of  those  bases,  in  the  recent  water.  The  alkalies 
were  feparated  by  successive  treatment  with  baryta  and  carbonate 
of  ammonia,  and  the  amount  of  potassium  in  the  mixed  chlorkls 
was  then  determined  by  converting  them  into  the  platino^hlorids, 
and  separating  the  sodium  salt  by  alcohol. 
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The  bromine  and  iodine  were  determined  by  evaporating  fifty 
poan(b  of  the  water  to  a  small  bulk,  separating  the  earthy  precip- 
itate, and  finally  evaporating  the  residue  to  dryness.  This  was 
treated  with  alcohol  of  sp.  gr.  -835  until  all  traces  of  iodids  and 
bromids  were  removed.  The  alcoholic  solution  was  then  evapo- 
rated to  drjrness,  and  the  treatment  renewed  with  alcohol  of  *820 ; 
this  process  was  repeated  a  third  time,  having  previously  ignited 
the  residue  to  destroy  any  organic  matters,  and  the  solution  being 
again  evaporated  to  dryness,  was  dissolved  in  water,  and  the 
amount  of  iodine  determined  after  the  admirable  method  of  Las- 
aigne,  which  consists  in  precipitating  it  as  an  iodid  of  palladium. 

The  bromids  and  chlorids  remaining  in  the  solution,  were  de- 
composed by  a  solution  of  nitrate  of  silver,  and  the  mixed  pre- 
cipitate of  chlorid  and  bromid  of  silver,  after  being  fused  and  care- 
fully weighed,  was  submitted  in  a  state  of  fusion  to  the  action  of 
a  current  of  dry  chlorine  gas,  until  the  whole  was  converted  into 
chlorid ;  from  the  loss,  i\^  amount  of  bromine  was  deduced  by 
calculation. 

The  total  amount  of  carbonic  acid  was  determined  by  mixing 
iDeasured  portions  of  the  water  at  the  source,  with  caustic  am- 
monia and  a  solution  of  chlorid  of  calcium ;  the  proportion  of 
carbonic  acid  in  the  precipitate  thus  obtained,  was  determined  in 
the  usual  manner.  The  amount  of  carbonic  acid  required  by 
those  bases  which  were  known  to  exist  as  carbonates  in  the  water, 
was  then  deducted.  The  quantity  of  carbonate  of  soda  was  c^ 
eulated  from  the  excess  of  sodium  over  that  required  for  the  sat- 
uration of  the  chlorine,  bromine,  iodine  and  sulphuric  acid,  con- 
trolled by  the  amount  of  carbonate  of  bsuryta  obtained  by  treating 
a  solution  of  the  solid  residue  of  1000  grammes  of  the  water 
with  chlorid  of  barium ;  the  two  results  closely  agreeing. 

1000  parts  of  the  water  of  the  (Sas  Spring  gave — 

Chlorine, 4-242810 

Bromine, -011730 

Iodine, 000461 

Sulphuric  acid  (SO'),       .         .        .         -002400 

Soda, 3-726400 

Potash, 022100 

Lime, -082880 

Magnesia,         .        .         .         .        .         -254600 

Alumina, -004400 

Silica, -031000 

Iron  and  manganese,    .        .        .   traces. 
Carbonic  acid,  ....        -705000 

These  may  be  combined  to  form  the  following  compounds — 

Chlorid  of  sodium,       ....  6-967500 
"      of  potassium,  .        .        -030940 
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Bromid  of  sodium,       ....    *015077 

lodid  of  sodium,       .        •        •        .        -OOOdSO 

Sulphate  of  potash,      ....     -005280 

Carbonate  of  soda,    ....        -048570 

"        of  lime,       ....     -148000 

<<        of  magnesia,    .        .        .        -626200 

''        of  iron  and  manganese,    traces. 

Alumina, 004400 

Silica, -031000 

Carbonic  acid, -349000 

Water, 991873503 

1000  000000 
Saline  ingredients  in  1000  parts,  7*7775. 
Carbonic  acid  in  100  cubic  inches,  17*5. 
II.   The  SaUne  Spring. — The  spring  thus  named,  is  very  sim- 
ilar to  the  last,  but  in  reality  less  strongly  saline.     Its  tempera- 
ture was  45^  F.,  that  of  the  air  being  at  the  same  time  60^  F* 
The  specific  gravity  1005*824.     Its  reaction  is  more  strongly 
alkaline,  but  otherwise  the  results  of  its  qualitative  examination 
are  similar  to  those  given  under  the  head  of  the  "Gas  Spring." 
It  contains  no  sulphuretted  hydrogen  whatever^  some  few  bub* 
blesof  carburetted  hydrogen  are  evolved,  but  the  quantity  is  very 
small.    The  discharge  from  this  spring  is  about  ten  gallons  per 
minute. 

1000  parts  of  the  water  gave— 

Chlorine, 3*93830 

Bromine, -01317 

Iodine, -00123 

Sulphuric  acid  (SO')  .        .        .         -00220 

Soda, ,        .  3*52246 

Potash, -04100 

Lime, -06580 

Magnesia, -25020 

Silica, -04250 

Alumina,  iron  and  manganese,            traces, 
Carbonic  acid, -64800 

These  may  be  combined  in  the  following  manner : — 

Chlprid  of  sodium,         ....  6*44090 

"        of  potassium,        .        .        .  -02960 

Bromid  of  sodium,         ....  -01696 

lodid  of  sodium,         ....  -00146 

Sulphate  of  potash,        ....  -00480 

Cabonate  of  soda,      ....  -17620 

«         of  lime,          ....  -11750 

^*        of  magnesia,               .        •  -51724 
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Carbonate  of  kon  and  manganese,  >    . 
Alumina,  .        .        .        .        .    $  ' 

Silica, -04250 

Carbonic  acid, -29200 

Water, 992-36084 

100000000 

The  amount  of  solid  matter  in  1000  parts  of  the  water  is  by 
calcDiation  7*347 ;  experiment  gave  7*280,  which  is  a  close  ap- 
proximation. The  carbonate  of  magnesia  loses  a  part  of  its  car- 
bonic acid  during  the  evaporation,  and  exists  in  the  residue  as  a 
basic  carbonate ;  hence  the  slight  deficiency  in  the  result  of  ex- 
periment 

The  quantity  of  carbonic  acid,  above  what  is  represented  as 
combined  with  the  bases,  equals  14*7  cubic  inches  in  100  cubic 
inches  of  the  water. 

IIL  The  Sulphur  Spring, — ^This  spring  is  situated  very  near 
to  the  last ;  the  openings  of  the  two  wells  being  not  more  than 
four  feet  apart.  Although  it  bears  the  name  of  a  sulphur  water, 
its  claim  to  that  title  is  very  small.  It  has  a  feebly  sulphurous 
taste  and  odor,  and  darkens  slightly  salts  of  lead  and  silver,  but 
the  quantity  of  sulphur  existing  either  as  snlphuretted  hydrogea 
or  as  alkaline  sulphuret  is  very  inconsiderable,  and  cannot  be 
qaantitatively  estimated  by  the  ordinary  processes. 

Several  bottles  of  the  water  were  mixed  with  a  solution  of 
arsenic  at  the  spring,  but  the  precipitate  of  sulphuret  of  arsenic 
was  scarcely  perceptible ;  the  quantity  of  the  sulphuretted  hydro- 
gen was  not  equal  to  a  cubic  inch  to  a  gallon.  It  is  still,  how- 
ever sufficient  to  impart  medicinal  powers  to  the  water,  for  the 
efficacy  of  this  spring  over  all  the  others  in  rheumatic  and  cuta- 
DeoQs  affections  is  well  attested.  According  to  Dr.  Stirling,  who 
has  been  for  many  years  a  resident  at  the  springs,  and  is  a  careful 
observer,  the  water  was  formerly  much  more  sulphurous  than  at 
present ;  a  thing  not  at  all  improbable,  as  it  is  well  known  that 
springs  often  change  their  character  materially  in  the  course  of  a 
few  years. 

The  supply  from  this  spring  is  apparently  about  the  same  as 
that  of  the  "  Gas  Spring ;"  its  waters  flow  into  the  same  reser- 
voir as  those  of  the  saline  springs,  and  the  two  are  used  for  hot 
baths.  The  mixture,  after  being  heated  for  use,  is  without  any 
odor  of  sulphur. 

The  temperature  of  the  spring  was  found  to  be  46^  F.,  that  of 
the  air  being  60^  F.  The  specific  gravity  of  the  water  at  6(P  F. 
is  1003-7;  its  reaction  is  strongly  alkaline,  and  the  results  of  its 
qualitative  examination  show  that  it  closely  resembled  the  two 
preceding  waters,  except  that  only  traces  of  iodine  were  detected 
in  it. 
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1000  parts  of  the  water  of  the  sulphur  spring  gave  :-^ 

Chlorine, 2-12S00 

•00781 
traces, 

•01030 

.     01450 

.      212370 

.     -11760 

•14230 

traces, 

•00266 

.     -08400 

•59000 


Bromine, 
Iodine, 

Sulphuric  acid, 
Potash, 
Soda, 
Lime,   . 
Magnesia, 
Iron,     . 
Alumina,   . 
Silica,  . 
Carbonic  acid. 

These  combined  in  the  usual  manner,  g 
of  1000  parts  of  the  water : — 

Chlorid  of  sodium, 

"      of  potassium, 
Bromid  of  sodium, 
lodid  of  sodium, 
Sulphate  of  soda,  . 
Carbonate  of  soda, 

*'         of  lime, 

'<         of  magnesia^ 

"         of  iron, 
Alumina,    • 
Silica,   . 
Carbonic  acid,   . 
Water, 


ve  as  the  composition 

.  3-84300 

•02300 
.     -01004 
traces, 

.    -01833 

•45580 
.     ^21000 

•29400 
traces, 

•00265 
.     ^08400 

•14100 
994^91818 


lUOOOOOOO 


The  amount  of  solid  matters  in  1000  parts  of  the  water  is 
49406. 

The  quantity  of  carbonic  acid  over  that  required  to  form  neo- 
Cral  carbonates,  would  in  a  gaseous  state  equal  7*2  cubic  inches 
in  100  of  the  water.  The  amount  required  to  form  the  above 
carbonates  is  *449,  and  an  equal  quantity  of  carbonic  acid  would 
be  necessary  to  enable  them  to  exist  as  bicarbonates,  a  condition 
in  which  these  earthy  bases  are  generally  regarded  as  being  dis- 
solved in  mineral  waters.  The  whole  of  these  alkaline  waters 
have  shown,  it  will  be  observed,  a  deficiency  in  the  quantity  of 
carbonic  acid,  and  this  is  particularly  marked  in  this  last  and 
most  strongly  alkaline  of  them  all.  This  apparent  difficulty  is 
at  once  explained  by  the  fact  that  the  whole,  or  a  part  of  the 
carbonate  of  magnesia,  exists  in  the  form  of  a  double  carbonate 
of  soda  and  magnesia,  a  compound  which  is  readily  actable  in 
water  and  much  more  permanent  than  the  bicarbonate 
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The  large  limotint  g(  silica  which  it  contains,  is  an  mtseresting 
peculiarity,  and  naturally  connects  itself  with  the  strongly  aIka-> 
line  character  of  the  water.  As  silica  is  capable  of  decomposing 
a  solution  of  carixuiate  of  soda,  it  is  probable  that  a  portion  of  the 
soda  roust  really  exist  in  the  condition  of  a  silicate.  From  the 
uncertainty  which  still  renmins  as  to  the  composition  of  these  soU 
Me  silicates,  it  is  impossible  to  calculate  the  portion  of  the  soda 
which  should  be  deducted  from  that  represented  as  existing  as 
carbonate,  bm  an  indirect  experiment  throws  some  light  upon  the 
question.  1000  grammes  of  the  water  were  evaporated  to  perfect 
dryness,  to  render  all  the  magnesia  insoluble.  The  residue  being 
then  dissolved  in  distilled  water,  was  mixed  with  a  solution  of 
ehlorid  of  barium,  and  yielded  a  precipitate  of  carbonate,  with  a 
little  sulphate,  which  contained  an  amount  of  carbonic  acid  cor« 
responding  to  *2540  of  carbonate  of  soda,  while  the  excess  of 
soda  above  that  required  for  saturating  the  chlorine,  bromine  and 
sulphuric  acid,  equalled  '4558  parts  of  carbonate.  The  difference 
•2018  corresponds  to  -1179  of  pure  soda,  which  may  be  regarded 
as  forming  a  silicate  with  the  -0840  of  silica.  With  our  imper* 
feet  knowledge  of  silicates,  especially  the  soluble  ones,  it  is  obvi« 
oQsly  useless  to  speculate  farther  upon  the  mode  of  combination 
io  which  these  substances  exist.* 

17.  The  Intermitting  jSjDrtng-.---This  spring  has  been  already 
described  as  situated  about  two  miles  distant  from  the  others^ 
It  rises  out  of  a  bank  of  clay  near  the  edge  of  a  brook  ;  a  well 
has  been  sunk  nearly  thirty  feet  through  the  clay,  and  the  water 
rises  near  to  the  surface.  It  is  kept  in  almost  constant  agitation 
by  the  evolution  of  large  quantities  of  carburetted  hydrogen  gas ; 
the  water  from  this  cause,  is  kept  constantly  turbid  by  the  quan« 
tity  of  clay  diffused  through  it,  and  it  is  only  after  being  allowed 
to  stand  for  several  hours  in  a  quiet  place,  tliat  it  becomes  trans- 
parent. The  discharge  of  gas  is  not  regular,  some  minutes  often 
elapsing,  during  which  only  a  few  bubbles  escape  from  time  to 
time,  after  which  a  copious  evolution  occurs  for  a  few  moments, 
followed  by  another  period  of  quiescence ;  from  this  peculiarity  it 
is  named  the  intermitting  spring. 

The  temperature  was  found  to  be  50^  F.  at  the  bottom  of  the 
well ;  that  of  Che  air  being  61^.  The  amount  of  water  furnished 
bjr  the  spring  could  not  be  easily  determined,  as  part  of  it  escapea 
through  the  bank,  but  it  is  not  large.  At  the  time  of  my  visit, 
the  recent  rains  had  diluted  the  spring  with  a  good  deal  of  surface 

*  Since  my  report  #as  pablkbed,  1  find  thmt  Mr.  0.  Benry  id  his  fine  fesenrt^ 
ifon  the  tuhdiuroas  olkiiline  wattra  of  the  Pyrenees,  has  ah-eadj  sbo^m  Uiat  the 
ma  general^  regarded  as  existing  in  them  as  carbonate,  is  really  in  a  great  part  ia 
the  form  of  a  silicate,  a  similar  conclusion  to  that  which  I  have  dedu^  firom  my 
«iiiiiiiiation  of  ^  sonroes  of  OUedodia.  (See  Journal  de  Fharm.  et  de  Chim.,  t  m, 
pi  16. 
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water,  and  I  aeeordingly  availed  myself  of  the  politeoees  of  the 
proprietor,  Mr.  Wilkinson,  who  allowed  me  to  take  as  mnch  as  I 
lequired,  from  a  supply  which  had  been  brought  from  the  spring 
a  month  previous,  and  preserved  in  well  covered  puncheons. 

This  was  sensibly  stronger  to  the  taste  than  the  water  at  the 
spring,  and  unlike  the  previously  described  waters,  was  disagreea* 
biy  bitter,  as  well  as  Kiline.     Its  specific  gravity  was  1010  939. 

A  qualitative  examination  shewed  the  presence  of  chlorine, 
bromine  and  iodine,  with  potassium,  sodium,  calcium,  and  mag- 
nesium ;  a  large  portion  of  the  latter  two  exist  in  the  condition  of 
chlorids.  No  sulphuric  acid  was  detected ;  but  traces  of  iron  and 
alumina.  Baryta,  strontia,  fluorine  and  phosphates  were  sought 
for ;  but  with  the  exception  of  slight  traces  of  the  latter,  the  re- 
sults were  altogether  negative. 

1000  parts  of  the  water  of  the  Intermitting  Spring  afforded, 

Chlorine 8  36979 

Bromine 02059 

Iodine -00187 

Potash -01930 

Soda 6-49360 

Lime 1-44930 

Magnesia -55467 

Alumina  and  iron                        .      traces. 
Silica    : -02260 


These  may  be  so  combined  as  to  give 
tioD  for  1000  parts  of  the  water  :— 
Chlorid  of  sodium 

<*       of  potassium 

"       of  calcium 

<<       of  magnesium 
Bromid  of  magnesium 
lodid  of  magnesium 
Carbonate  of  lime 

^  of  magnesia 

"  of  iron, 

Alumina  . 
Silica 

Carbonic  acid  • 
Water 


the  following  composi- 

12-250000 

-030500 

.     -287050 

.       1033840 

.     -023840 

•002057 
.     -126460 

-863230 

>  traces. 


.     -022500 

•501350 

.       984-859173 

1000  000000 

The  solid  matter  in  1000  parts,  as  determined  by  calculation, 
is  14*639  parts;  the  result  obtained  by  directly  evaporating  a 
Weighed  quantity,  and  drying  the  residue  at  300^  F.,  was  14-500, 
the  difierenca  being  probably  due  to  a  partial  decomposition  of 
the  magnesian  chlorid  during  the  evaporation. 
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The  carbonic  aeid  of  tMs  water  was  not  deletminad^  at  tba 
fre^  water,  which  was  required  for  this  purpose,  was  so  OMich 
diluted  as  to  be  unlike  the  specimen  analysed. 

In  a  subsequent  paper  I  Diirpose  to  describe  some  of  the  saline 
springs  of  the  valley  of  ihe  lower  St.  Lawrence,  which  are  gener* 
ally  saline,  and  contain  a  greater  or  less  proportion  of  earthy  chlo- 
rids.  The  history  of  the  mineral  springs  of  the  province  when 
complete,  will  present  some  interesting  relations  to  the  geological 
structure  of  the  country  and  the  nature  of  the  strata  from  wldoh 
they  rise. 

Montreal,  May  16, 1849. 


SCIENTIFIC     IMTELLIOBKCE. 

I.  Chemistrt  AMD  Physics. 

1.  Researches  upon  some  derivatives  of  the  Benzoic  Series ;  by  G. 
Chancel,  (Compies  Rend.  de8  Travaux  de  Cbimie,  Juin,  1849,  p.  ITt.) 
—The  auihor  has  prepared  the  nitrobenzoic  ethers  of  alcohol  and 
wood-spirit,  and  confirmed  their  composition  by  analyses.  He  hos 
found  that  they  crystallize  in  right  rhombic  prisms  of  about  120*^,  and 
ire  consequently  isomorphous.  By  the  action  of  ammonia  upon  the 
Tinic  ether  he  obtained  the  nitrobenzamid  which  Mr.  Field  had  before 
found  by  decomposing  the  nitrobenzoate  of  ammonia  by  heat.  This 
body  is  sparingly  soluble  in  water,  above  all  in  the  cold,  but  dissolves 
readily  in  alcohol  and  ether,  and  crystallizes  from  them  by  slow  evapo* 
ration  in  tables  like  gypsum.  By  a  solution  of  potash  it  is  decomposed 
with  the  evolution  of  ammonia,  and  yields  nitrobenzoate  of  potash. 
When  nitrobenzamid  is  dissolved  in  boiling  water  and  hydrosulphuret 
of  ammonia  added  in  sufficient  quantity,  not  the  least  trace  of  the  amid 
separates  on  cooling.  The  liquid  deposits  a  large  amount  of  sulphur 
after  standing  a  few  hours,  and  by  evaporation  in  a  water  bath  to  sepa* 
rate  the  last  traces,  the  residue  dissolved  in  water  and  filtered,  gives  by 
slow  evaporation  beautiful  crystals  which  give  on  analysis  the  formula 
Cj  H,^  N^  Oj  (notation  of  Gerhardt).  It  loses  an  equivalent  of  water 
at  100''  to  120^  C,  without  underling  any  apparent  alteration,  so  that 
its  real  formula,  as  is  established  by  its  compounds,  is  C^  H,  N^  O. 

This  new  substance  no  longer  belongs  to  the  benzoic  series  (C^),  but 
has  disceded  into  the  formic  (C)  and  phenic  (Cq)  series,  as  will  be 
«een  by  the  results  of  its  decomposition.  It  is  a  double  carbonate  of 
Bromoaia  and  aniline,  minus  the  elements  of  two  equivalents  of  water. 

C  H^  0„  Ce  Hj  N,  H3  N=:C,  Hg  Na  0,+2H,  O. 
The  auihor  has  therefore  called  it  carbonilamid.  When  gently  heated 
with  a  mixture  of  lime  and  potash,  it  evolves  in  the  form  of  amnnmia 
exactly  one  half  its  nitrogren  :  if  now  the  heat  be  considerably  raised^ 
pure  aniline  distils  over  and  carbonate  of  potasfa  remains.  In  the  first 
ilage  of  the  process  there  is  evidently  the  formatkNi  of  a  salt  which  if 
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not  ao  oMkrmdiaie^  is  imrnerie  mtb  it  and  the  tra«  atrhmMaie^  which 
is  theD  by  an  elevatioD  of  temperature  decomposed  into  a  carbonate 
and  aniline.  The  aciion  of  sulphuric  add  is  equally  characteristic ; 
sulphaniJic  acid  and  sulphate  of  ammonia  are  formed  with  the  evolution 
of  carbonic  acid  gas. 

C,  He  Na  0+2SH;,0^=C0;,+C.  H,  N  S03+S(H,  H^  N)  O4 

This  body  sustains  a  close  relation  to  urea  which  is  truly  carbamid  ; 
earbonilamid  is  urea  in  which  the  residue  of  an  equivalent  of  aniline 
replaces  that  of  one  of  ammonia.  To  represent  this  by  the  abbreviated 
formulas  of  M.  Laurent, 

Am=:(H3  N+H)  Am'-a=(H3  N+H)-H, 

An=(Ce  H,  N+H)  Atr^=:{C^  H,  N+H)-H, 

Urea,  (carbamid) C  Am^^  A^-^  0=C,  H.  N-0 

Carbonilamid, C  An-^  Am^^  0=Cy  Hg  N,  O 

Like  urea  the  new  substance  is  readily  soluble  in  water,  alcohol  and 
ether;  the  alcoholic  solution  decomposes  spontaneously,  but  the  watery 
solution  gives  fine  colorless  prisms  of  a  fresh  taste  like  nitre.  The 
resemblance  to  urea  is  still  farther  shown  by  its  action  with  acids,  it  is 
a  veritable  alkaloid  and  forms  well  defined  crystalline  salts.  The  ni- 
trate«  bydrochlorate  and  oxalate  have  been  examined ;  the  former  is 
very  sparingly  soluble.  Il  combines  also  with  the  nitrate  of  silver  and 
the  bichlorid  of  mercury ;  the  chloroplatinate  crystallizes  in  beautiful 
orange  colored  prisms.  T.  S.  Hunt. 

2.  On  the  Product s  of  the  dry  distillation  of  Benzoate  of  Lime ; 
by  G.Changsi;,,  {Compt.  Rend,  des  Trav.  de  Chira.,  March,  1849,  p.87.) 
— According  to  the  researches  of  M.  Peligot,  the  result  of  this  distillao 
tion  is  a  liquid,  which  he  named  benzene,  and  which  corresponds  to 
acetene,  while  carbonate  of  lime  remains  as  a  residue ;  he  also  recog« 
nized  a  portion  of  benzene  and  a  hydrocarbon  which  he  regarded  as 
napthalene  and  which  seemed  to  be  secondary  products  of  the  decom* 
position. 

But  according  to  M  Chancel,  the  process  is  less  simple  and  is  always 
accompanied  with  the  evolution  of  gaseoui  hydro-carburets  during  the 
whole  process.  When  the  dried  salt  is  heated,  the  decomposition  \m 
complete  at  a  temperature  near  low  redness;  along  with  the  inflamma- 
ble gases  is  obtained  a  brown  liquid  heavier  than  water.  By  distilla- 
tion, a  small  quantity  of  benzene  is  separated;  but  the  purification  of 
ibe  residue  by  this  process  was  found  impracticable.  When  submitted 
to  the  action  of  strong  nitric  acid,  it  evolves  red  vapors  and  ignites;  if 
the  aciJon  is  now  carried  too  far,  a  brown  viscid  mass  results,  insoluble 
in  water;  dissolved  in  a  mixture  of  alcohol  and  ether  and  mixed  with 
hydrO'Sulphuret  of  ammonia,  the  vessel  after  two  or  three  days  is  found 
filled  with  magnificent  golden  yellow  crystals.  The  same  compound  is 
obtained  by  dissolving  the  crude  product  of  distillation  in  strong  sulphuric 
acid,  and  after  some  days  adding  a  little  water  until  it  becomes  milky ; 
the  mixture  on  standing  yields  an  abundant  crust  of  this  crystalline 
matter,  which  is  even  deposited  in  small  quantities  af^er  a  lapse  of  lime 
from  the  crude  liquid.  It  is  consequently  an  original  product  of  the 
decomposition  of  the  benzoate ;  and  its  analysis,  in  whichever  way  ob- 
4ained,  gives  numbers  corresponding  exactly  to  the  formula  Ci 3  H,^,  O 
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(nolatioii  of  <3erlmrdi),  whioii  is  exactly  the  compoMtfon  that  theory 
Msigos  to  benzooe  : — 

2C,  H,  CaOjrrCOa  Ca3-fC,8  H,o  O. 

Its  claim  to  be  considered  as  the  acetonid  of  benzoic  acid  is  shown 
hy  the  fact  that  under  the  influence  of  potash-liroe,  it  discedes  at  about 
260^  C.  into  benzoate  of  potash  and  pure  benzene  without  evolving  a 
trace  of  hydrogen  gas  or  any  other  foreign  substance. 

C,a  H,o  0+KHO=C,  H,  KO,+Ce  H^. 

M.  Chancel  has  given  it  the  name  of  benxopbenone^  to  show  at  onco 
its  relation  to  the  benzoic  and  phenic  series,  while  the  termination  re* 
oelb  its  place  among  the  acetonids.  It  is  insoluble  in  water  but  soluble 
w  alcohol  and  ether;  from  a  mixture  of  the  two  it  is  obtained  by  spon* 
taaeous  evaporation  in  large  transparent  monoclinic  prisms,  of  a  slight 
tmber  tint.  It  fuees  at  4^  and  boils  at  315^  C,  distilling  without  al« 
terstioo ;  its  odor  is  fragrant,  somewhat  resembling  benzoic  ether. 

Neither  nitric  nor  sulphuric  acids  a^ect  it  in  the  cold ;  but  fuming  nitrie 
acid  by  heat  converts  it  into  an  oily  liquid,  which  is  dissolved  by  ether 
and  deposited  again  almost  immediately  as  a  yellowish  crystalline  pow- 
der.  This  is  biniiric  benzophmume,  C ,  3  Hg  (Ng  O^ )0  or  C,  3  Hg  X 20. 

The  product  of  the  action  of  hydrosutp buret  of  ammonia  upon  this, 
is  an  alkaloid  which  had  been  some  time  before  described  by  MM.  Lau^ 
.  rent  and  Chancel,  under  the  name  of  flarine.  The  crude  product  of 
the  distillation  of  the  benzoat^  of  lime,  freed  from  benzene,  was  boiled 
several  hours  with  fuming  nitric  acid  and  then  diluted  with  water.  The 
6ily  residue  is  mixed  with  ether,  and  aAer  a  time  deposits  a  crystalline 
matter  which  was  washed  with  a  mixture  of  alcohol  and  ether.  It  is  a 
mixture  of  binitric  benzophenone,  with  some  foreign  matters  which  are 
very  .difficultly  separable.  By  digestion  in  the  cold  with  a  mixtare  of 
hydrosulphuret  of  ammonia,  alcohol  and  ether,  the  principal  part  is 
dissolved,  and  after  twenty-four  hours  the  vessel  is  iilled  with  needles 
of  the  new  alkaloid,  which  is  purified  by  solution  in  hydrochloric  acid, 
precipitation  by  ammonia  and  crystallization  from  alcohol.  It  forms 
fine  needles,  colorless  or  pate  yellow,  which  are  ainoost  insoluble  m 
water  but  dissolve  in  alcohol  and  ether.  Fused  with  potash  it  disen* 
gages  an  oil  possessing  the  properties  of  an  alkaloid.  Its  formnia  is 
Cj3  HijN^O.  Its  salts  are  soluble  and  crysiallizable ;  the  chloro- 
piatioate  is  C,3  Hj^N,  O,  2(CI  HP  and  01^),  a  compound  with  two 
equivalents  of  the  platinic  chtorid. 

These  details  respecting  flavine  are  given  in  the  Comptes  Rendus  des 
Trav.  de  Chimie  for  April,  and  the  editors  in  a  note  announce  that  M. 
Chancel  has  found  it  to  be  in  reality  carbanilul  or  aniiic  urea.  7^ 
details  are  promised  in  a  following  number.  By  referring  to  the  ac- 
count given  above  of  carbanilnmid  by  the  same  author,  we  shnll  see  that 
while  this  is  C  An-2  Am~« O,  flavine  is  C  An-2  An-a  0«C  1 3  H ,  2  N^  Of 
the  former  being  the  substance  intermediate  between  flavine  and  urea. 
The  alkaline  product  obtained  by  the  action  of  potash  upon  this  new 
alkaloid  will  then  be  no  other  than  aniline. 

Aiiioiig«the  products  found  in  the  crude  liquid  which  yields  the  ben* 
aophenone,  are  two  solid  carbonates  of  hydrogen  isomeric  with  naptha* 
lene,  one  fusiag  at  92°  and  the  other  at  65°  C;  the  latter  is  obtained 
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vrtth  beiixoQttryl  when  the  mpw  of  bensoale  of  ammoBia  it 
over  ignited  caustic  baryta. 

M.  Chancel  refers  to  the  analogy  pointed  oat  by  Gerhardt  between 
the  ethers  and  the  products  of  the  action  of  the  mineral  acids  upon 
hydrocarbons  ;*  as  between  nitrobenzene  and  nitronrtethol,  sulphoben* 
zenic  and  sutphoinethylic  acids.  He  has  extended  this  view  still  far* 
ther,  and  shows  that  as  nitrobenzene  contains  the  elements  of  nitric 
acid  and  benzene,  minus  H^  O,  so  benzophenone  is  derived  from  the 
benzoic  acid  and  benzene,  minus  the  same  elements.  C^  H^  O, 
•f-Cg  H^r^Ci^HjoO-l-H^O.  As  the  name  oC  phene  has  already 
been  given  to  benzene,  which  in  reality  does  not  belong  to  the  beosoic 
aeriest  M.  Chancel  observes  that  it  will  be  well  to  apply  to  its  deriva* 
tives  the  names  of  nilrophenone  and  ndpkopkenone^  which  will  have 
the  advantage  of  recalling  their  relations  to  benzophenone.     T.  S.  H. 

3.  On  the  Action  of  Nitric  Acid  upon  Butyrone^  Laurent  and 
Chancbl,  (Compt.  Rend,  des  Trav.  de  Chimie,  1848,  p.  174.)— The 
acid  obtained  some  years  since  by  M.  Chancel,  by  the  action  of  Ditric 
acid  upon  butyrone,  and  by  biro  named  butyronitric  acid,  has  been  sub* 
mitted  to  a  new  examination,  from  which  it  results  that  its  formula  is 
C3  Hg  NO.1ZC3  Hg  XO2  ;  it  is  consequently  nitrometacetonic  add* 
The  normal  acid  being  C3  H^  O,.  It  is  insoluble  in,  and  more  heavy 
than  water ;  has  a  very  sweet  taste  and  an  aromatic  odor.  Its  salts  are 
erystallizable  and  explode  by  heat;  that  of  potash  forms  yellow  scales 
like  iodoform.  «  T.  S.  H. 

4.  On  Sulphuretted  Benzamid  ;  by  A.  Cahours,  (Compt.  Rend,  des 
Trav.  de  Chira.,  Avril,  1849,  deComp.  Rend,  de  TAcad.,  t.  xxvii,  p  .239.) 
•*-As  the  nitryls  by  fixing  H^  O  or  2H2  O  yield  amids  or  ammooiacai 
salts,  M.  Cahours  was  desirous  to  determine  whether  from  the  analogy 
between  water  and  sulphuretted  hydrogen,  it  might  be  possible  tq  pro* 
duce  the  corresponding  sulphuretted  compounds.  On  dissolving  benzoni* 
tryl  in  slightly  ammoniacal  alcohol  and  saturating  with  H^  S,  the  solution 
became  discolored,  and  after  some  time  on  concentrating  by  evaporation, 
a  substance  separated  in  yellow  flakes,  wlitch  dissolved  in  boiling  wa- 
ter and  crystallized  by  slow  cooling  in  longsulphur*yellow  needles  of  a 
aatiny  lustre.  Analysis  gave  the  formula  C^  H^  NS,  which  representa 
aulphuretted  benzamid.  It  is  decomposed  by  rod  oxyd  of  mercury 
giving  rise  to  water  and  suiphuret  of  mercury,  and  regenerating  beozo- 
oitryl.  Potassium  decomposes  it  with  the  formation  of  a  suiphuret  and 
cyanid.     M.  Cahours  proposes  to  pursue  this  interesting  inquiry. 

T.  S.  H. 

5.  On  the  Composition  of  Chloropierine ;  by  A.  Cahours,  (Compt 
Rend,  des  Trav.  de  Chimie,  May,  1849,  p.  171.) — In  this  Journal  for 
May,  1849,  p.  430,  a  new  substance  was  described  as  discovered  by  Dr. 
Stenhouse  by  acting  upon  nitropicrie  acid  by  a  solution  of  hypochlorite 
of  lime.  To  this  the  discoverer  assigned  the  formula  C^  CI7  N,  0,^. 
As  this  seemed  quite  anomalous,  I  proposed  in  its  place,  assuming  the 
quantities  of  carbon  and  chlorine  found  to  be  correct,  C^  HCI7  N2  O  ,^, 
and  the  more  readily  as  his  analysis  actually  gave  a  quantity  of  hydro- 
gen amounting  to  one  equivalent.     M.  Gerhardt  remarking  upoo  this 

*  P^rtoM  ds  Qhiiai«  Organique,  toaL  Isr,  p.  IM.  See  also  this  Journal  for  Joly, 
1849,  pw  9a 
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■■bilaoee  (Comfyt  Rend,  des  TVaT.  da  Chimie,  Fsvmr,  p.  84),  aogges* 
ted  that  its  real  Tormula  is  CCI3  NO,,  (corresponding  to  C,  CL  NO^  in 
the  ordinary  notation,)  and  tlwt  it  is  nilric  ofUoroform  COI3  a.  Thia 
formula  which  requires  carbon  7*2,  chlorine  65,  and  aioie  0*4,  has 
been  verified  by  analyses  made  by  M.  Cahoura  upon  a  pure  spevimeii 
q(  chloropicrine,  which  has  given  him  carbon  7*09-7*19;  chlorine 
64*59.  M.  Gerbardi  calls  attention  to  the  close  resemblance  between 
the  properties  of  this  compound  and  that  obtained  by  Marignac  in  action 
with  nitric  acid  upon  the  chlorid  of  napthalene,  which  he  has  described 
io  bis  Precis,  9sformine^  bidUaro-binitrique^  and  which  is  represented 
byCCIaNaO^zrCCIaXj.  T.  S.  H. 

6.  ProcuM  for  Ike  use  of  Tin  Plate  Scrap  in  the  Manufacture  of 
Malleable  Iron ;  patented  by  Ed.  Schunck,  (Chem.  €kiz.,  Aug.,  1849.) 
^Large  quantities  of  tin  plate  scrap  accumulate  in  the  manufacture  of 
tioman^s  ware ;  these  and  worn  out  articles  of  the  same  material  am 
useless  except  for  small  articles  which  are  sometimes  made  from  them. 
Their  employroeiu  in  the  manufacture  of  wrought  iron  has  bean  pre* 
vented  hitherto  by  the  presence  of  the  tin ;  the  present  process  is  pro« 
posed  for  its  removal. 

A  hot  solution  of  alkaline  persulphuret,  for  instance,  penolphuret  of 
sodium,  obtained  by  fusing  sulphur  with  carbonate  of  soda,  converts  the 
lio  into  sulphoret  which  is  retained  in  solution,  leaving  the  inm  per^ 
fectly  free  from  tin. 

The  same  end  is  attained,  althongh  in  a  less  perfect  manner,  by  n 
solution  of  oxyd  of  lead  in  caustic  alkali,  or  by  alkalina  chromate  in 
the  caustic  alkali.  The  former,  however,  produced  a  deposit  of  me* 
taliic  lead,  the  latter  of  chromic  oxyd,  and  the  removal  of  either  of 
tbsse  is  auended  with  inconvenience ;  the  first  process  ia  thereforv 
preferred. 

The  tin  is  removed  from  the  solution  by  evaporation  and  crystalliia* 
tion;  the  mass  when  drained  and  pressed  is  dried  and  roasted  in  a  re* 
verberatory  furnace ;  carbonaceous  matter  with  dry  carbonate  of  Bod» 
or  quicklime  is  then  added  and  the  tin  reduced.  The  slag  nsolting 
from  this  process  contains  an  alkaline  sulphuret,  to  which  more  siMphar 
Bay  be  added  to  form  again  the  solution  for  stripping  the  tin  plate. 

The  iron  scraps  from  which  the  tin  has  been  removed  are  washed 
tDd  packed  into  sheet  iron  cylinders,  which  are  raised  to  a  welding 
heat  and  brought  under  the  hammer^  as  in  the  manufacture  of  other 
scrap  iron.  G.  C.  ScHABFFsa. 

7.  Anisolty  Salicylic  Ether ^  and  eubetances  derived  from  them  ;  by 
A.  Cahours,  (Comptes  Rendus,  Mar.  and  May,  1849.)--This  tnvesti* 
gatton  IS  another  result  o^  the  fine  discovery  of  Zinin,  that  hydro*8ul* 
pbate  of  amnrmnia  is  capable  of  transforming  the  nitric  compounds  into 
true  organic  bases.  This  process  was  at  first  applied  almost  exdu* 
ttvely  to  the  nitric  compounds  of  the  hydrocarbons ;  but  other  facts 
show  its  extension  to  compounds  originally  containing  oxygen.  This 
reawrk  applies  to  the  researches  before  us.  The  value  of  this  exten- 
aoo  of  the  process  of  Zinin  is  not  trifling  when  we  consider  that  manj 
of  the  more  important  organic  bases  contain  oxygen ;  we  are  therefore 
nearer  than  ever  to  the  fulfilment  of  the  promise  long  since  made,  of 
the  artiAcia)  forsMtioQ  of  quinine,  morphine,  deo. 
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From  tiie  diatitUitioD  of  balnn  of  Tola,  Derillo  obtmoed  a  hydfo* 
•carbon  C^^  H,,  which  baa  been  named  a  toluole;  it  is  a  horoologoe 
of  benaole.  This  substance  furnished  Drs.  Mnspratt  and  Hofmaon  by 
the  process  of  Zioin,  a  new  organic  base,  toluidioe,  a  bomotogue  of 
aniline.  Their  paper  in  the  Lmid.  and  Edin.  Phit.  Mag.,  Sept.,  164ft, 
well  desenres  reading,  and  is  particularly  valuable  for  a  tabular  Tiew 
of  the  parallel  anisic  and  phenic  series.  Most  of  the  compounds  in  the 
anisic  series  had  been  discovered  or  investigated  by  M.  Cahours ;  the 
present  investigaiion  fills  many  of  the  gaps  by  supplying  homologuea 
of  the  phenic  series,  and  in  some  cases,  furnishes  compounds  without  a 
parallel  in  the  latter  series.  Still  more,  in  the  paper  above  mentioned, 
Drs.  Muspratt  and  Hofmann  announce  a  new  base,  nitraniline,  being 
aniline  in  which  one  equiv.  of  H^  is  replaced  by  NU^ — a  moat  re* 
markable  discovery,  for  tlie  entrance  of  the  elements  of  peroxyd  of 
nitrogen  without  effect  upon  the  basic  properties  of  the  original  sub- 
stance. We  shall  presently  see  that  three  new  bases  of  this  singular 
kind  have  been  discovered,  aniaole,  which  bears  the  same  relation  to 
toluole  that  phenole  does  to  benaole,  has  already  furnished  bi-  and  tri* 
nitric  species,  in  which  2H  and  3H  are  replaced  by  2NO4  and  SNO^. 
By  acting  upon  aniaole  with  fuming  nitric  acid  and  keeping  the  mixture 
cold,  M.  Cahours  has  succeeded  in  forming  the  wumo'nitrie  anisole^^ 
an  amber  colored,  aromatic,  heavy  fluid,  boiling  at  about  505*^  F.  This 
substance  is  readily  decomposed  by  an  alcoholic  solution  of  hydrosuU 
phate  of  ammonia ;  sulphur  is  deposited  and  a  new  base,  anUidine^  is 
formed,  Cj^H,  NO,. 

By  a  similar  process,  bi-nitric  anisole  furnishes  a  new  base,  differing 
from  the  last  in  having  H  replaced  by  NO^,  and  is,  notwithstanding 
the  preaenoe  of  the  elements  of  a  powerful  acid,  a  true  base  capable 
of  forming  well  defined  crystalline  salts  with  acids.  NUric  amsidine^ 
it  may  be  called,  C,^  H,  N,  ^e^  crystallises  in  long  reddish  brown  lus- 
trous  needles,  insoluble  in  water,  but  readily  soluble  in  boiling  alcohol. 
Some  of  its  salts  are  colorless  when  quite  pure. 

Fuming  nitric  acid  forms  with  toluole  a  liquid  mono-nitric,  and  a 
crystalline  bi«nitric  species.  The  former  furnished  with  hydroaulphata 
of  ammonia,  toluidine,  to  Drs.  Muspratt  and  Hofmann.  The  latter  by 
the  same  reagent  has  given  M.  Cahours  a  new  alkaloid,  the  nitric  tolu* 
idine^  C14  H,  N2  O^,  being  toluidine  with  H  replaced  by  NO^. 

Anisic  acid  with  fuming  nitric  acid  is  found  to  form  among  other 
products,  a  new  acid  isomeric  with  tri*nitric  anisole,  and  a  homologue 
of  picric  acid.  This  substance,  ckrysanisic  acidy  Cj^H^NgOi^, 
orysullizes  from  alcohol  in  beautiful  golden  yellow  rhombohedral  platea. 
It  is  distinguished  from  similar  acids  by  giving  a  very  soluble  salt  with 
potash. 

The  salyoilic  ether  of  wood*spirit  (oil  of  wintergreen)  forms  a  crjra* 
tallioe  compound  with  bases,  which  furnishes  on  distillation,  anisole* 
In  like  manner,  Cahours  has  found  that  the  salycilic  ether  of  alcohol, 
forms  crystalline  compounds,  and  that  of  baryta  on  distillation  gives  a 
new  substance,  phenetole,  C ,  ^  H ,  o  O,,  a  bomologue  of  anisole.  This, 
when  acted  upon  by  strong  nitric  acid,  forms  a  binitric  species,  reaem« 
bling  binitric  anisole,  and  probably  also  a  trinitric  species. 

The  alcoholic  solution  of  the  former  with  sulphuretted  hydrogen  and 
ammonia,  forms  niirie  pkmeHdimi  the  homologue  of  nitric  anisidine. 
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Jkn  the  naoacHnrtric  phoo^tole  Hm  aot  yet  be#o  obUiioed,  we  ate  with- 
out tlie  origioal  alkaloid  pbeoetidioe,  of  which  the  above  is  a  derivative. 

To  reader  the  reJatioo  of  these  remarkable  substances  more  clear, 
we  aubjoia  a  table,  cootaiaing  also  the  previously  known  homologues. 

I.  Pbenole  ^i2^^0^ 

{Nitrophenesic  acid         .  rj        v 
Bi.nitric  phenolc    Ciaj^NQ    j  O^ 

!  Picric  acid.  ^  „         v 

TrinUric  phenole    C,,  {  ^j^^    jO, 

IL  AAiaole  C^^H^O^ 

Nitric  anisple  Cj^jJ^^    jO, 

Bi-Ditric  C,^{g5oJ°^ 

(Chrysanisic  ac.)  ,  rj         v 

Tri-nitric  anisole     Cj^  |  ^jJq    >  O^ 

AoisidtDe,  Cj^H^NOa 

Nitric  aaisidiiie       C,^  |  ^^    I  NO, 

IIL  Phenetole  Gifi^io^2 

Bi*nitrio  pbeaetole  0,^  |  ofSo    I  ^> 

TriHaitric  phenetole  C, «  {  ^q    \  ^a 
Phenetidine,  ( wanting. ) 

Nitric  phenetidine    C^^i  jj^o  \  NO, 


IV.  Benzole  Cj.He 

Aniline  Ci-  H^  N 

NitricanilineC,a|^^    |n 


V.  Toluole  ^u^i 

Toluidine  C.^H^N 

Nitric  toluidine  C,^  <  ^K    >  N 

G.  d  S. 


h^  On  ike  Compoumd  Ammonia$ ;  by  Adolphi  Wubtz^  (Comptea 
fiendus,  Aue.,  1849.)*-In  the  last  number  of  this  Journal  (Jan.,  1850, 
p.  65)  Mr.  Hunt  has  most  clearly  explained  the  mode  of  formation  of 
Ais  new  alkaloid,  and  also  their  relation  to  a  very  interesting  group  of 
eompouiids.  Since  that  psper  was  written,  M.  Wurtz  has  more  fully 
dsscribed  the  properties  of  Methylamine  and  Ethylamine,  and  has  also 
ftdded  a  new  ammonia  to  the  series  Valeramine* 

HethyUamime^  as  well  ae  the  other  new  alkaloid,  may  be  obtained  from 
iis  hydrochlorate  by  the  action  of  zinc,  just  ss  ammoda  is  obtained 
from  sal-ammoniac.  Thus  prepared,  methylamine  is  a  gss  of  ammoi- 
niscal  odor,  condensing  into  a  liquid  at  about  32®  F.  Its  density  is  a 
linle  greater  than  that  of  ammonia.  It  is  the  most  soluble  of  alt  gaseaf 
ftt  53^  P.,  one  ?ol.  of  water  dissoives  1040  vols. ;  at  77^,  959  vols. 
BKxm  Ssaoi,  Vol  IX»  No.  Mw— Msrch,  186a  M 
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In  all  its  reaetionst  this  sobstanca  can  scarcely  be  disunguished  from 
ammonia— ^it  precipitates  the  same  bases,  e.  g.,  magnesia,  alumina, 
iron,  lead,  ^.,  and  redissolfes  the  same — zinc,  copper  and  silver. 
The  compound  analogous  to  fulminating  silver,  however,  does  not  de- 
tonate. Methylamine  may  be  distinguished  from  ammonia  by  its  burn* 
ing  with  a  yellowish  flame.  Its  salts  are  generally  soluble  in  absolute 
alcohol. 

Eihylaminey  by  a  freezing  mixture  is  obtained  as  a  caustic  fluid,  of 
ammoniacnl  odor,  and  boiling  at  62^  P.  Its  reactions  are  very  similar 
to  those  of  methylamine,  but  it  does  not  form  a  precipitate  with  chlorid 
of  platinum.     It  burns  with  a  bluish  flame. 

Valeramine^  the  new  alkaloid  is  obtained  by  the  action  of  potash  on 
cyanate  of  amylene  (cyanic  ether  of  fousel  oil),  the  latter  being  pre- 
pared by  distilling  sulphamylate  of  potash  in  the  cyanate  of  potash. 
Valeramine  is  a  liquid  with  a  burning  bitter  taste  and  ammoniacal  odor ; 
its  solution  in  water  produces  the  same  reactions  as  above  described, 
it  redissolves  the  precipitate  of  salts  of  copper  with  more  difliculty 
than  the  other  ammonias ;  the  same  may  be  said  of  the  solution  of  the 
chlorid  of  silver.     The  formula  is  0,^  H,,  N. 

The  strong  resemblance  of  these  new  alkaloids  to  ammonia  has  un- 
doubtedly caused  their  presence  to  be  overlooked  in  many  decomposi- 
tions of  nitrogenous  substances.  In  a  recent  paper  on  the  decomposi- 
tion of  cafleine  by  chlorine,  Rochleder  describes  under  the  name  of 
formyline,  a  new  base  to  which  is  assigned  the  impossible  formula 
C2  H^  N.  This  is  undoubtedly  methylamine,  the  analysis  correspond- 
ing better  with  the  composition  of  the  latter  substance,  than  with  the 
alMve  formula.  Mr.  Anderson  has  recently  examined  an  alkaloid, 
petinine,  C,  H^^  N,  which  in  all  probability  is  butyramine.  We  have 
then  the  following  homologous  series. 

Ammonia,  Hg  N 

Methylamine,  C^  H^  N 

Ethylamine,  C^  H^  N 

Butyramine,  C,  H  ^  N  (Petinine,  Anderson.) 

Valeramine,  C ,  ^,  H  j  3  N 

9.  On  a  Copper  Amalgam;  by  Dr.  Pettenkofbr,  (Ann.  der 
Chem.  u.  Pharm.,  June,  1849,  in  Chem.  Gaz.) — ^This  remarkable  com- 
pound, used  by  dentists  for  fliling  teeth,  contains  90  parts  copper  and 
70  parts  mercury.  As  found  in  the  shops,  it  is  so  hard  as  to  require  a 
Dowerful  blow  with  a  hammer  to  break  it ;  the  texture  is  crystalline. 
When  heated  to  near  600^  P.,  it  swells  slightly,  and  aAer  trituration  in  a 
VDortar,  it  becomes  so  soft  on  cooling  Utat  it  may  be  moulded  in  the 
ingers  like  clay.  In  a  few  hours  it  again  becomes  hard  enough  to  cut 
bone.  Its  density  in  the  two  conditions  is  so  nearly  the  same,  that  if 
pressed  into  a  glass  tube  while  in  the  soA  state,  it  becomes  an  air-tight 
stopper  when  hard.  Many  useful  and  less  hazardous  applications  thaa 
filling  teeih  may  be  made  of  this  curious  substance. 

Of  several  modes  of  preparation,  the  following  appears  to  be  the 
easiest  and  best.  Pinely  divided  copper  obtained  by  precipitation  by 
iron,  is  triturated  in  a  porcelain  mortar  with  protoxyd  of  mercury,  me* 
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tallie  mercury  and  boiling  hot  water.  The  mats  from  brittle  beeomea 
aoft  and  plaatic  when  eooufh  mercury  is  takeo  up<  The  excess  of 
mercury  should  be  pressed  out,  and  the  cake  allowed  to  harden,  whioh 
lakes  more  time,  than  after  the  second  softening.  G.  C.  S. 

10.  Benzole;  by  C.  B.  Mansfield,  (Chem.  Glaz.,  June,  1849.)— A 
useful  application  of  coal  naphtha,  which  is  mainly  benzole,  was  noticed 
in  this  Journal  for  June,  1849,  p.  106.  The  author  proposes  a  process 
for  obtaining  pure  benzole  in  large  quantities  from  coal  tar.  The  light 
coal  naphtha  from  coal  tar,  is  to  be  distilled  in  a  oietallic  retort  or  still, 
the  head  of  which  is  surrounded  by  water — this  rising  to  212^  and  no  . 
higher,  suffers  the  volatile  substances  of  higher  boiling  point  to  fall 
back  into  the  vessel,  while  the  more  volatile  benzole  passes  over  and  is 
eoodeosed  as  usual.     By  a  second  rectification,  keeping  the  still  head 

at  a  temperature  of  176^,  the  benzole  is  obtained  still  purer.  It  is  next 
agitated  with  one-tenth  its  bulk  of  strong  nitric  acid,  poured  oflf  and 
agaio  agitated  with  sulphuric  acid.  When  redistilled,  it  may  be  further 
purified  by  cooling  to  4^  F. ;  the  crystals  pressed  and  afterwards  treated 
with  chlorid  of  calcium,  furnish  a  pure  article. 

As  benzole  dissolves  India  rubber,  gtitia  percha  and  most  resins,  tl 
may  be  valuable  for  these  purposes,  for  which,  however,  the  crude 
coal  naphtha  is  generally  used.  Its  solvent  power  renders  it,  accord* 
ing  to  the  author,  a  cheap  and  less  volatile  substitute  for  ether  in  the 
laboratory. 

A  large  number  of  most  interesting  compounds,  aniline,  nitraniline, 
^,  may  be  obtained  from  this  substance  in  great  quantity,  at  but 
moderate  cost.  G.  C.  S. 

11.  On  the  Separation  of  Phosphoric  Acid  from  Alumina ;  by  H. 
BosE,  (Bericht  der  K.  P.  Akad.  Wissensch.  zu  Berlin,  1849,  220 ; 
Chem.  Gaz.,  No.  173.) — ^The  author  recently  published  a  method*  upon 
•epaniiing  phosphoric  acid  from  bases  by  means  of  mercury,  which 
admits  of  the  phosphoric  acid  being  separated  from  most  of  the  bases 
io  such  a  manner,  that  not  only  its  quantity  can  be  determined  whh 
great  accuracy,  but  that  aOer  its  separation  the  bases  can  be  readily 
examined  and  accurately  estimated,  without  being  contaminated  by  the 
substance  used  for  separating  the  phosphoric  acid.  The  proposed 
method  gave  unsatisfactory  results  with  the  presence  of  peroxyd  of 
iron  and  alumina.  When  iron  alone  is  present,  it  requires  but  a  slight 
modification ;  bat  with  the  presence  of  alumina  the  difficulties  increase 
to  such  an  extent  that  the  method  becomes  inapplicable. 

It  is  however  often  of  importance  to  be  able  to  determine  the  phos- 
phoric acid  with  accuracy  in  complex  compounds  which  also  contain 
alumina.  In  several  rocks,  especially  in  the  basalts,  salts  of  phospho- 
ric acid  occur,  principally  apatite ;  and  undoubtedly  the  great  fertility 
of  a  soil  consisting  of  decomposed  basalt  is  owing  to  the  admixture  of 
apatite. 

When  basalt  is  treated  in  the  pulverized  state  with  a  dilute  acid,  this 
dissolves  the  apatite,  together  with  the  constituents  of  the  decomposed 
zeolitic  mineral  soluble  in  acids,  among  which  alumina  is  almost  always 
present    Now  by  means  of  the  molybdate  of  ammonia,  the  acid  solu* 

«  See  this  Joorosl,  vil,  181,  Sept  1849. 
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tioQ  can  easily  be  tested  for  a  small  quaathy  of  pliosphorte  acid,  ia 
order  tbat  when  preseat,  eveo  in  miaote  quantity,  it  may  not  be  ov«r^ 
looked  in  the  analysis. 

After  numerous  experiments,  the  author  has  found  the  following 
method  to  be  the  most  advantageous  ibr  analyzing  quantitatively  eom- 
plex  phosphatic  compounds  containing  alumina.  The  phosphate  is 
dissolved  in  an  acid,  nitric  or  hydrochloric  acid ;  and  aAer  dilution  with 
water,  a  sufficient  quantity  of  carbonate  of  baryta  added*  AAer  it  has 
stood  for  a  couple  of  days  in  the  cold,  having  been  frequently  agitated, 
it  is  filtered  and  the  insoluble  residue  washed  with  cold  water.  The 
filtered  solution  contains  the  bases  which  were  combined  with  the  phos* 
phoric  acid,  excepting  alumina,  peroxyd  of  iron  and  other  weak  bases. 
These,  as  well  as  the  whole  amount  of  phosphoric  acid,  are  thus  com- 
pletely precipitated.  The  dissolved  barjrta  is  removed  from  the  solu- 
tion by  sulphuric  acid.  This  is  somewhat  difficult  when  much  lime  is 
present.  In  the  filtered  solution  the  bases  are  determined  according  to 
the  usual  methods. 

The  insoluble  residue  contains  the  whole  amount  of  phosphoric  acid 
which  was  present  in  the  compound,  as  well  as  the  alumina  and  the 
peroxyd  of  iron.  It  is  dissolved  in  dilute  hydrochloric  acid,  and  ibe 
baryta  removed  by  sulphuric  acid.  The  filtered  solution  is  saturated 
with  carbonate  of  soda,  and  evaporated  to  dryness  ;  the  dry  mass  is 
mixed  with  silica  and  carbonate  of  soda,  and  heated  to  redness.  The 
calcined  mass  is  diluted  in  water,  and  carbonate  of  ammonia  added 
to  it,  when  a  considerable  amount  of  silica  is  precipitated ;  it  is  filtered. 
The  filtered  liquid  contains  the  whole  of  the  phosphoric  acid  ;  it  is  su- 
persaturated with  hydrochloric  acid,  then  with  ammonia,  and  the  phos- 
phoric acid  precipitated  as  am monio- phosphate  of  magnesia. 

The  insoluble  residue  is  digested  with  muriatic  acid  and  the  whole 
evaporated  to  dryness.  The  dry  mass  is  humected  with  hydrochloric 
acid,  and  the  silica  separated  in  the  usual  manner,  af\er  which  the  alu- 
miiui  and  peroxyd  of  iron  are  determined. 

12.  On  the  Atomic  Weight  of  Silica;  by  H.  Kopp,  (Liebig^s  Ann., 
Ixvii,  p.  356;  Chem.  Gaz.,  July  16,  1849,  p.  271.)— -The  doubts  en- 
tertained respecting  the  atomic  weight  of  silicon  and  the  compositioa 
of  silica  according  to  one  of  the  three  formulae  SiO,  SiOs  or  SiO„ 
have  not  been  solved  by  the  views  which  have  hitherto  prevailed  on 
this  subject,  where  in  general  the  decision  has  been  made  to  depend  on 
the  circumstance,  that  a  particular  series  of  compounds  might  be  rkmI 
simply  represented,  sometimes  according  to  one,  sometimes  according 
to  the  other  formula.  A  peculiar  mode  of  conceiving  this  subject 
shows  that,  admitting  the  correctness  of  the  analytical  results  of  Pe* 
louze,  the  atomic  weight  of  silicon  with  H=:l  is  21*3,  and  the  fonmila 
of  silicic  acid  SiOg. 

Kopp  has  deduced  this  result  from  the  difierence  between  the  boil- 
ing-points of  the  chlorid  and  bromid  of  silicon.  The  possibility  is  suf- 
ficiently evident  of  deciding  the  question  by  this  means  from  a  number 
of  determinations  of  the  differences  between  the  boiling-points  of  sev- 
eral chlorids  and  bromids,  in  which  the  chlorine,  on  the  one  hand, 
may  be  regarded  as  a  substitute  for  the  bromine  in  the  oorrespond- 
ing  bromid,  thereby  establishing  bow  many  degrees  the  boiling-poiBt 
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or  falls  when,  in  any  compoand^  chlorine  is  replaced  by  bro- 
miaSf  or  vice  versd^  bromioe  by  chlorine.  Afier  determining  the  num- 
ber of  degrees  which  express  this  difference  for  the  substitution  of  each 
atom  of  chlorine  or  bromioe,  it  is  possible,  on  the  other  hand,  to  con- 
clude, fpooi  the  difiereoce  between  the  boiling-points  of  a  chlorid  and 
tbe  corresponding  bromid,  as  to  the  number  of  atoms  replaced.  Now 
it  results,  from  the  comparison  of  the  boiling-points  of  several  bromids 
and  chloride,  that  the  substitution  of  ICI  by  IBr  raises  the  boilingw 
point 32° Cent.;  of  2CI  by 2Br, 2X^2=64*';  of3CI  by  38,3X32=96^ 
while  the  boiling-point  falls  in  the  same  proportion  when,  on  the  con- 
trary, bromine  is  replaced  by  chlorine.  Compare,  for  example,  the 
boiling  point  of  the  following  substances : — 

Boiling-point. 

C^H^Cl        Chlorethyle, +11%  Pierre. 

C^  H3  CI         Chloracetyle, - 18^  to  15=*,  Regnault. 

PCI 3  Chlorid  of  phosphorus   .     .         78®,  Dumas,  Pierre. 

Boiliof-point  found.    Calculated. 

C^HjBr         Bromethyle 4^  Pierre.     43^ 

C^HjBr         Bromacetyle       Ord.  temp.      14"*  to  IT. 

PBr,  Bromid  of  phosphorus  .     .     .     175"*,  Pierre.   174*. 

Several  other  comparisons  enumerated  by  Kopp  lead  to  the  law  above 
tonounced  respecting  the  change  in  the  boiling-point  in  substitutions  of 
bromine  and  chlorine.  It  consequently  follows,  as  above  stated,  that 
according  as  the  boiling-point  of  a  bromid,  on  comparison  with  that  of 
its  corresponding  chlorid,  is  situated  at  32,  64  or  96  degrees  higher 
than  in  the  chlorine  compound,  this  latter  must  be  regarded  as  contain- 
ieg  1,  2,  3  atoms  of  chlorine  replaced  by  bromine.  The  boiling-points 
of  the  chlorid  of  silicon  and  of  the  bromid  of  silicon  have  been  deter- 
mined by  Pierre,  a  most  accurate  observer,  the  first  to  be  59**,  the  lat- 
ter to  be  153*;  the  difference  is  94^;  whence  it  follows  that  in  the 
bromid  of  silicon  3  atoms  of  bromine  are  substituted  for  3  atoms  of 
chlorine  in  the  chlorid  of  silicon ;  that  the  first  is  SiBrg,  the  latter 
SiClg,  and  that  silica  is  therefore  SiOg  ;  and  consequently  we  must  ad- 
mit the  atomic  weight  of  silicon  to  be  21*3,  H  being  assumed  =1. 

13.  On  the  Extraction  of  Mannitefrom  the  Dandelion;  by  Messrs. 
Smith;  with  an  Analysis  of  the  Mannite,  by  Dr.  Stenhouse.  Com- 
municated by  Dr.  George  Wilson,  (Proc.  R.  Soc.  Edinb.,  ii,  223.) — 
Messrs.  Smith  stated  that  they  had  extracted  from  the  dandelion,  a  large 
amount  of  a  crystalline  sweet  substance,  having  all  the  physical  char- 
acters of  mannite.  It  was  analysed  by  Dr.  Stenhouse,  and  found  to 
contain  carbon,  hydrogen,  and  oxygen,  in  the  proportions  which  char- 
acterize the  accepted  formula  for  mannite  ;  viz.,  C^  H,  Og,  so  that  it 
certainly  was  the  substance  it  was  supposed  to  be. 

Messrs.  Widumann  and  Frickhinger,  it  is  stated,  had  anticipated 
Messrs.  Smith  in  the  separation  of  mannite  from  the  dandelion  juice, 
tod  were  led  to  believe  that  the  mannite  did  not  preexist  ready  formed 
io  the  dandelion  ;  but  was  formed  in  the  juice  as  the  result  of  a  pecu- 
liar fermentation  which  it  underwent.  This  result  was  confirmed  by 
tbe  Messrs.  Smithy  who  experimented  with  large  parcels  of  the  plant, 
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and  fouixl  that  even  from  quantities  of  the  fresh  root,  so  large  as  40  lbs., 
no  mannite  could  be  extracted,  if  the  expressed  juice  were  prevented 
from  fermenting;  whilst,  if  fermentation  were  permitted,  the  sanne 
weight  of  roots  yielded  a  large  quantity  of  mannite,  which  appears  to 
be  derived  from  the  sugar,  inulin,  <kc.,  of  the  dandelion,  which  was 
converted  into  mannite,  gum,  and  lactic  acid. 

The  Messrs.  Smith  stated,  in  conclusion,  that  they  had  not  been  able 
to  confirm  the  statement  of  Polex,  that  the  dandelion  contains  a  bitter 
crysiallizable  substance,  such  as  he  had  described  iinder  the  name  of 
taraxacine. 

II.  Mineralogy  and  Geologt. 

1.  On  Danhurite ;  by  J.  D.  Dana. — The  species  Danburite,  from 
Danbury,  Conn.,  has  recently  been  found,  through  the  explorations  of 
Mr.  G.  J.  Brush,  in  crystallized  specimens,  which  have  afibrded  the 
following  crystallograpliic  and  chemical  characters. 

Triclinic;  P:M=ilO°  and  70^  M:T=54^ 
and  126^  P:T=93°  nearly;  P:e  =  135^  Cleav- 
age  distinct  parallel  to  M  and  P,  less  so  parallel 
to  T.  Crystals  imbedded  in  feldspar,  associated 
with  dolomite,  and  often  an  inch  across.  Occurs 
also  disseminated  massive  without  regular  form. 
H.=7-7-5.  G.=2-95,Silliman,  Jr.;  2-97, Brush. 
Color  pale  yellow  or  whitish.  Lustre  vitreous. 
Translucent  to  subtranslucent.  Exceedingly  brittle.  The  mineral 
resembles  chondrodite  somewhat,  but  differs  in  form  and  in  its  distinct 
cleavage,  as  well  as  chemical  characters. 

The  chemical  examinations  of  the  species  have  been  made  by  Mr. 
H.  Erni,  in  the  Yale  Laboratory,  New  Haven.  Before  the  blowpipe 
it  fuses  rather  easily,  and  in  the  dark  it  is  seen  to  give  the  flame  a 
green  color,  especially  after  having  heated  the  mineral  with  sulphuric 
acid.  With  bisulphate  of  soda  and  fluor  spar  the  green  color  (a  color 
due  to  boracic  acid)  is  as  distinct  and  strong  as  with  borax.  With  bo- 
rax or  soda,  a  transparent  glassy  globule  is  easily  obtained.  The 
amount  of  the  mineral  under  examination  was  so  small  that  the  boracic 
acid  could  be  estimated  only  from  the  loss.     Mr.  Erni  obtained — 
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The  ratio  gives  the  formula  BB+4lt5i    The  alumina  is  probably  due 
to  some  feldspar,  which  is  often  detected  penetrating  the  crystals.* 
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Prof.  Sbepard,  who  described  the  mineral  in  this  Journal,  vol.  xxxt, 
f,  137,  obtained  for  its  composition. 

Si  MDO,  Ca  28-88,  Xl  1-70,  Y?  0-85,  t  (with  STaf)  and  loss  512,  fi  8-0=100, 
making  it  easentialty  a  hydrous  silicate  of  lime,  a  composition  incom- 
patibte  with  the  high  degree  of  hardness.     The  presence  of  boracic 
acid  accounts  for  this  peculiarity. 

2.  On  the  discovery  of  SulpJuiret  of  Nickel  in  Northern  New  York ; 
by  Dr.  Franklin  B.  Hough,  A.M.,  with  additional  observations  by 
8.  W.  Johnson,  (communicated  for  this  Journal.) — In  January  of  the 
present  year,  while  visiting  my  friend  Dr.  Hough  at  his  residence  in 
Somervifle,  St.  Lawrence  Co.,  N.  Y.,  he  showed  me  specimens  of  a 
mineral  which  from  its  physical  characters  he  had  decided  to  be  suU 
pboret  of  nickel. 

As  its  existence  in  the  United  Slates  has  not  been  heretofore  report- 
ed, I  communicate  the  substance  of  a  notice  he  furnished  me,  in  his 
own  words — "  This  mineral  has  been  found  in  limited  quantities  at  the 
Sterling  iron  mine,  in  Antwerp,  JeflTerson  Ck).,  N.  Y.  It  was  first  no* 
ticed  by  the  writer  about  two  years  since,  and  attracted  his  attention 
from  hs  delicate  capillary  appearance,  brilliant  lustre,  and  the  difference 
of  its  crystalline  form  from  that  of  sulphuret  of  iron,  which  in  color 
and  association  it  so  nearly  resembles. 

^  h  occurs  mostly  in  radiating  tuAs  of  exceedingly  minute  and  slender 
crystals  of  a  brass-yellow  color,  and  very  brilliant  lustre,  which  when 
bighly  magniOed  present  the  appearance  of  flattened  hexagonal  prisms 
with  striated  faces,  the  striae  being  parallel  with  the  principal  faces  of 
tbe  prism. 

"No  cleavage  was  observed,  nor  could  the  terminal  planes  of  the 
prisms  (if  they  possess  any^  be  determined.  When  moderately  mag- 
nified, the  minute  acicular  crystals  appear  to  gradually  narrow  to  a 
point,  but  lenses  of  a  higher  power  disclose  the  fact  that  these  needles 
are  composed  of  several  crystals  of  unequal  length  united  by  one  or 
iDore  of  their  lateral  faces. 

"They  occur  in  geode-like  cavities  of  the  iron  ore,  which  are  lined 
with  crystallizations  of  spathic  iron,  specular  iron,  quartz,  calcite,  ca- 
cozene,  and  sulphuret  of  iron ;  from  among  these  crystals  the  tuAs 
proceed,  attached  generally  to  the  spathic  iron,  more  rarely  to  the  crys- 
tals of  iron.  It  is  not  an  abundant  mineral ;  only  perhaps  one  or  two 
dozen  specimens  have  been  procured  since  its  discovery.^^ 

In  one  elegant  specimen  in  Dr.  Hough^s  cabinet,  a  cavity  of  more 
tban  half  an  inch  in  diameter  is  traversed  by  six  or  eight  somewhat 
parallel  crystals  of  larger  size  than  any  other  yet  procured.  Their 
diameter  is  about  ^  of  an  inch.  These  are  attached,  as  are  all  the 
few  larger  crystals,  by  both  extremities. 

In  a  specimen  which  the  writer  procured  of  a  miner,  several  crys- 
(sls  i  inch  in  length  and  ^  of  an  inch  in  diameter,  extended  from  side 
to  side  of  the  cavity,  being  irregularly  disposed,  and  firmly  attached  to 
the  spathic  iron  at  each  end.  Inspection  of  the  sectional  surface  formed 
by  the  breaking  of  the  geode,  led  to  the  observation  of  minute  crys- 
tals apparently  springing  from  the  iron,  and  traversing  the  spathic  iron, 
lo  two  instances  a  crystal  was  found  completely  transfixing  a  rhomb  of 
spathic  iron,  and  supporting  it  in  air,  at  a  distance  of  i  inch  above  the 
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inner  surface  of  the  cavity.    In  one  of  these  eases,  from  the  rhomb 

thus  sustained,  another  needle  of  sulphuret  of  nickel  projected  op- 
wards.  These  penetrating  crystals  are  not  in  the  least  distorted. 
The  larger  ones  of  this  specimen  would  admit  of  goniometrical  meas- 
urement. 

Chemical  Examination. — A  small  fragment  of  one  of  the  larger 
crystals  heated  in  an  open  tube,  evolved  a  strong  odor  of  sulphurmts 
acid.  The  roasted  mineral  which  was  black,  but  unaltered  in  form, 
was  treated  with  hydrochloric  acid,  no  action  was  manifest  upon  addi- 
tion of  nitric  acid,  and  on  application  of  heat,  it  quickly  dissolved.  The 
solution  was  evaporated  to  dryness,  the  residue  dissolved  and  a  drop  of 
ferrocyanid  of  potassium  added.  The  transparency  of  the  solution 
was  disturbed  by  a  fine  apparently  white  precipitate  ;  an  exactly  simi- 
lar result  followed  a  parallel  experiment,  made  upon  a  like  quantity  of 
a  pure  salt  of  nickel.  This  reaction  is  chiefly  valuable  as  proving  the 
absence  of  iron  and  copper. 

A  hot  borax  bead  was  brought  in  contact  with  a  tuil  of  crystals. 
Some  adhered.  They  melted  in  the  oxydating  flame,  and  dissolved  in 
the  borax,  tinging  it  while  hot,  of  a  yellowish  color,  and  upon  cooling 
it  appeared  by  reflected  light,  of  a  peculiar  blackish  shade,  but  col- 
orless by  transmitted  light.  In  the  reduction  flame  the  glass  after  a 
lime  became  gray  and  opaque.  The  blowpipe  behavior  of  oxyd  of 
nickel  is  diflcrently  stated  in  the  books,  but  I  have  always  observed  the 
above  phenomena  with  a  certain  rather  slight  degree  of  saturation. 

The  small  quantity  of  mineral  has  precluded  a  more  extended  ex- 
amination. Hereafter  the  associated  specular  iron,  and  spathic  iron 
will  be  examined  for  nickel. 

r  3.  New  Mineral  Localities  in  New  York ;  by  Dr.  F.  B.  Hough, 
(communicated  for  this  Journal.) — Pearl  Spar^  has  been  discovered  of 
a  fine  quality,  in  the  town  of  Rossie,  St.  Lawrence  county.  It  occurs 
in  seams  and  crevices  of  white  limestone,  in  a  precipitous  bank  on  the 
right  side  of  the  Oswegatchie  river,  and  can  be  procured  in  considera- 
ble quantities. 

Associated  with  this  is  calcareous  spar,  crystallized  in  the  forms 
most  common  in  the  vicinity,  viz.,  the  scalene  dodecahedron  with  the 
summits  of  the  pyramids  replaced  by  three  rhombic  faces.  Another 
modification  is  common  at  this  locality,  in  which  the  acute  summit  of 
the  pyramids  is  replaced  by  a  single  hexagonal  plane,  perpendicular  to 
the  axis.  The  pearl  spar  is  yery  white,  and  occurs  crusting  over  the 
crystals  of  calcareous  spar. 

Idocrasey  of  a  dark  reddish  brown  color,  and  crystallized  in  the  usual 
forms,  occurs  about  a  mile  south  of  the  village  of  Gouverneur,  St  Law- 
rence county,  in  white  limestone  and  associated  with  scapolite.  Tha 
crystals  attain  a  diameter  of  one  or  two  inches,  but  the  specinoens 
which  are  best  characterized  are  much  smaller. 

Sulphuret  of  copper^  in  limited  quantities,  has  lately  been  discov- 
ered near  Vrooman^s  Lake,  in  Antwerp,  Jefibrson  county.  Associated 
with  this  was  fluor  spar,  and  beautifully  crystallized  calcareous  spar. 

Sulphate  of  barytes^  on  the  farm  of  Judge  £.  Dodge,  in  Gouverneur, 
St.  Lawrence  county,  of  a  highly  crystalline  structure,  and  associated 
with  fluor  and  calcareous  spars.    This  bcality  is  in  the  northwest  part 
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of  the  tofro,  about  ibor  milot  fvom  the  vilkge,  and  has  becrD  known 
about  two  years,  ahhough  no  account  of  it  has  (to  the  writer's  knowl- 
edge) ever  been  published.  It  appears  to  exist  in  great  abundance,  in 
▼eios  in  sandstone  rock>  and  may  hereaHer  become  of  economical  im* 
portaoce.  it  breaks  readily  in  the  direction  of  the  cleavage,  and  spe- 
eimeos  which  have  been  esposed  to  decay,  present  an  appearance  not 
oalike  tbat  of  a  mass  of  nails,  which  have  been  partially  fused,  and 
Bwlted  together.    Color  when  recently  broken,  pure  white. 

Hie  same  mineral  has  been  discovered  on  the  farm  of  Mr.  R.  Dean, 
to  Antwerp,  Jefierson  county,  about  one  mile  east  of  the  village  of 
Oi-Bow.  It  occupies  oavKies  in  a  coarse  half  decayed  white  limestone, 
if  of  low  specific  gravity,  in  consequence  of  numerous  vermicular  cavi* 
ties  with  which  it  abounds,  and  occasionally  presents  botryoidal  sur- 
fines,  studded  with  crystalline  faces.  Prom  the  presence  of  iron  pyrites 
ia  snail  quantities,  it  becomes  quickly  stained  with  oxyd  of  iron,  when 
exposed  to  the  weftther. 

Stalactilic  qum*t%^  has  been  found  in  limited  quantities  at  a  newly 
opened  pit  at  the  Parish  iron  mine,  in  the  town  of  Rossie,  St.  Lawrence 
coanty.  The  same  has  been  found  at  the  Sterling  iron  mine,  in 
Aatwerp,  Jefferaoo  county,  with  the  surfaces  beautifully  encrusted  with 
cscoxenite. 

4.  A  list  of  thf  Minerah  msooeuUed  with  the  Etnertf  of  Asia  Minor ; 
by  i.  Lawbbnck  Smith,  (in  a  letter  to  one  of  the  editors.) — Dr.  Smith 
ebserves :  I  find  associated  with  the  emery,— -calc  spar ;  iron  pyrites  ; 
ooiabedral  and  massive  protoxyd  of  iron  ;  magnetic  iron  ore ;  peroxyd 
of  iron ;  hydrous  peroxyd  of  iron ;  emerylite  and  other  micas ;  sismon- 
diie  or  chloritoid  (they  evidently  being  the  same  mineral) ;  diaspore ; 
a  miaeral  of  waxy  aspect  having  a  similar  composition  to  mica,  being 
probably  a  kind  of  amorphous  mica  ;  a  beautiful  emerald  green  mineral, 
ooalterabie  by  heat  and  of  considerable  hardness,  quantity  in  my  pos- 
session too  small  to  determine  its  character  or  composition  ;  and  black 
toarmaline.  I  do  not  allude  here  to  the  prismatic  crystals  of  corun- 
dom,  the  massive  blue  corundum,  as  they  property  constitute  the  emery. 

5.  Os  the  Degradation  of  the  Roeka  of  New  South  Walee  and  For* 
MfiM  of  ValieyM,  (from  the  Geol.  Rep.  £xp.  Exped.,  by  J.  D.  Dana.) 
—The  great  depth,  extent,  and  number  of  the  valleys  of  New  South 
Wales  are  calculated  to  excite  wonder,  and  perplex  us  ntuch  in  the 
ttady  of  their  origin.  In  some  of  these  sandstone  regions,  the  gorges 
iatersect  the  country  in  endless  succession,  with  tisually  inaccessi- 
ble precipices  of  one,  two,  or  three  thousand  feet.  They  are  deep 
golfs,  with  walled  sides  composed  of  horizontal  layers  of  sandstone. 
These  layers  seem  once  to  have  been  continuous:  and  what  is  the 
foree  which  has  thus  channelled  the  mountain  structure  ?  Are  they 
^ftapeadous  rents  in  the  bosom  of  the  earth  ?''*  Are  they  regions  of 
sabsidence/  Can  it  be  that  they  were  never  filled,  but  were  depres- 
tioBs  left  between  the  heaps  of  accumulating  sediment  that  constitute 
the  sandstone,  which  depressions  were  afterwards  enlarged  by  the  sea 
daring  the  elevations  of  the  land  ?t    Or  may  we  adopt  the  **  preposter- 

*  Stnelet^s  Kew  South  Wafes  sod  Van  Difiaxens  Land,  p.  67. 
f  Darwin's  Yokmac  IdancK  p.  1S7. 
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-ottB**  ideat  that  simple  running  water  has  been  (he  agent ;  aod  if  ecs 
.was  it  fresh  water,  or  the  ocean  ? 

The  forms  of  these  valleys  are  as  reraarkabJe  as  their  escteat.  Blajor 
Mitcheli  states  that  Cox^s  River  rises  in  the  Vale  of  Clywd,  2150  feet 
above  the  sea,  and  leaves  this  expanded  basin  through  a  gorge  2200 
yards  wide,  flanked  on  eaph  side  by  rocks  of  boriEontalty  airatiied 
sandstone  eight  hundred  feet  high :  here  it  joins  the  Warragaoiba. 
Some  of  its  tributaries  rise  at  a  height  of  3600  feet  above  the  sea,  aed 
the  ravines  they  occupy  cover  an  area  of  1212  square  miles.  From 
this  he  calculates  that  one  hundred  and  thirty-four  cubic  mile$  of  stone 
have  been  removed  from  the  valley  of  the  Cox.*  The  facts  obeerved 
by  us  are  sufiicient  to  substantiate  the  general  result,  although  we  ca»- 
BOt  add  definite  estimates  of  our  own.  The  Kangaroo  Valley  is  another 
example  of  a  valley,  two  to  three  miles  in  width,  and  a  thousand  fiset 
tQ  eighteen  hundred  deep,  opening  outward  through  a  eompareUvely 
narrow  gap  :  and  by  a  rough  calculation  from  our  own  examinatioas, 
and  the  map  of  Major  Mitchell,  the  amount  of  rock  necessary  to  fill  the 
valley  is  equivalent  to  a  rectangular  ridge,  twelve  miles  long,  two  milea 
wide,  and  two  thousand  feet  high.  On  the  map  of  the  illawarra  Dist^ 
rict,  the  form  of  this  valley,  (from  the  colonial  surveys,)  may  be  seen; 
and  it  is  interesting  as  an  illustration  of  the  general  character  of  these 
sandstone  gorges,  though  wider  than  many  of  them  in  proportion  to 
its  length.  This  is  but  a  small  example,  however,  compared  wnb  those 
of  the  interior.  Mr.  Darwin  remarks  upon  this  peculiarity  of  form,—* 
their  extent  and  width  and  many  branches,  yet  narrow  openings  at  their 
lower  extremity ;  and  he  observes  that  the  same  is  the  character  of  the 
bays  along  the  coasL 

In  studying  the  origin  of  these  valleys,  we  have  then  to  consider  the» 
following  particulars : — 

1.  Their  high,  precipitous,  or  vertical  walls  of  stratified  sandstoae, 
aqd  their  fiat  areas  at  bottom— excepting  where  the  desoeat  of  the 
stream  is  rapid. 

2.  Their  frequent  great  breadth  towards  their  head,  while  betow^  they 
are  oAen  very  narrow,  like  a  large  bay  with  a  small  entrance. 

3.  The  absence  of  all  traces  of  the  fragmentary  material  wlueli 
could  have  filled  these  valleys. 

The  idea  that  running  water  was  the  agent  in  these  operations  ap- 
pears not  so  ^^  preposterous^^  to  us,  as  it  is  deemed  by  Mr.  Darwin ;  and 
we  think  it  may  be  shown  that  Major  Mitchell  was  right  in  attritMittog 
the  effects  to  this  cause.  The  extent  of  the  results  is  certainly  no  difli* 
culty  with  one  who  admits  time  to  be  an  element  which  a  geologist  has 
ipdefinit^ly  at  command.  But  the  subject  admits  of  full  explanation, 
as  we  believe,  without  making  any  improbable  supposition  on  this  point. 
•  We  need  bv|t  refer  to  a  former  page,  in  which  we  have  discussed  the 
subject  of  valley-making  by  denudation  among  the  Pacific  islands,t  to 
show  that  New  Holland,  aAer  all,  is  not  the  most  remarkable  land  m 
the  world  for  valleys  of  denudation. 

We  should  consider  that  the  rock  material  is  far  more  yielding  than 
that  of  basaltic  Tahiti.     Indeed  the  whole  rock,  from  the  uppermost 

layer  to  the  deposits  below  the  ooal,  is  remarkably  fragile,  conaidermg 

■  I  ■  • 

*  Expedition  into  Australia,  ii  862.  f  See  this  volume,^  p.  48. 
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th^  «ge  of  (he  de]po4tv^-GhimbHi»g  readtYy,  find  oft«R  hreakkiff  WlttvcMrt 
difficHtty  in  the  ftfigera ;  and  besides,  it  is  much  fisstired^  Even  th« 
iwrder  ftMsilifefoos  Wollongong  rock  has  been  described  as  sotnetinteS 
Mttftg  to  pieces  of  itself  when  exposed  to  the  air.  Moreovei^  there  arc! 
seesoiomit  ehiyej  or  argilhioeous  toyers  which  are  stiH  sof\er;  and! 
mtny  of  those  of  the  coal  formation  are  not  dmner  that)  the  material 
of  a  comtnon  olay  bank.  The  denudation  of  such  material  requires 
t»  preparatory  decompeskion^  as  with  many  igneous  rooks,  hot  take# 
plaee  from  wear  ak>ne,  and  wifh  but  slight  force  in  the  agent. 

k  is  obrious  for  the  same  reason  that  the  material  carried  oflT  by  de» 
nodatbii  ought  not  to  appear  in  fragments  through  the  lower  country. 
A  short  journey  alonic  a  rapid  stream  would  reduce  even  large  masses* 
to  powder.  Tlie  plains  of  the  Kangaroo  Valley  are  covered  in  places 
with  basaltic  pebbles  or  boulders ;  but  the  sandstone,  which  is  the  pre- 
vailing rock  along  the  bed  of  the  stream  and  in  the  enclosing  hills,  has* 
scarcely  c  representative  fragment  an>ong  the  debris.  The  sandstone 
blocks  are  worn  to  sand  or  earth  by  the  torrent,  while  the  harder  basalt 
is  slowly  rounded.  On  the  plains  of  Puenbaen,  similar  facts  were  ap- 
ptrsBL  The  hills  contain  sandstone  and  basalt,  but  only  the  latter 
appears  as  boulders  or  pebbles  over  the  plains,  or  along  the  streams 
below. 

This  Sydney  sandstone  does  not  even  require  running  water  to  pro- 
r  noes  ^gradation.  In  many  caverns  along  clifis,  the  rock  gradually 
falls  to  powder  by  a  speoies  of  efflorescence.  There  are  numerous  in- 
stances  of  this  along  the  coves  of  Port  Jackson,  where  the  crystalliza- 
tioa  of  the  saline  spray  reduces  the  rock  to  its  original  sand  ;  and  in 
dM  interior  of  the  country  there  are  large  caves,  formed  apparently  by 
4hb  same  process,  though  probably  from  the  crystallization  of  nitrates'. 
Near  Pueabuen,  these  caves  are  from  six  to  twenty  feet  deep,  and 
fnnn  four  to  forty  long.  The  roof  is  arched,  and  appears  to  be  con* 
ataatly  orumblkig,  while  the  bottom  is  covered  with  a  fine  dry  ash-like 
saml,  into  which  the  feet  sink  several  inches.  The  same  operation  is 
goiagso  along  the  summits  of  the  lllawarra  range ;  and  one  huge  block 
was  found  so  hollowed  out  in  this  way  as  to  b«  a  mere  shell,  which 
aoonded  under  the  hammer  like  a  metallic  vessel. 

These  various  facts  bring  before  us  some  idea  of  the  yielding  nature 
of  the  Pock  which  the  waters  have  to  contend  with  in  the  denudation  of 
this  country,  and  they  also  illustrate  the  various  processes  at  work.  We 
ailade  to  a  single  other  nnode  of  degradation  before  passing :  it  is  the 
action  of  growing  trees  and  their  roots,  both  in  opening  fissures  and 
tarobliDg  blocks  down  the  precipices.  It  is  a  cause  influencing  very 
<iecidedly  the  characters  of  cllfr$,  and  at  the  same  time  preparing  the 
rock  for  decomposition  and  wear. 

The  credibility  of  the  view  we  favor  is  farther  sustained  by  the  char- 
acter of  the  streams.  We  have  alluded  to  the  great  extent  of  the  floods, 
asd  the  rapid  rise  of  the  rivers  attending  them.  The  stream  of  the 
Kangaroo  Grounds,  when  visited  by  the  writer,  was  a  mere  brook,  ford- 
able  in  any  part,  and  it  flowed  along  with  quiet  murmurings.  How 
different  when  the  brook  becomes  a  river  thirty  feet  deep,  driving  on  in 
a  broad  torrent,  and  flooding  the  valley ;  and  this  had  been  its  condi* 
tioQ  but  a  few  weeks  before.    If,  as  has  been  shown,  the  transporting 
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fowtr  of  numuig  water  imerea$i$  a$  4ke  Haik  powmr  tf  ike  vdoeUf^ 

and  a  stream  of  ftfteeo  milea  an  hour  has  more  than  ten  times  tbe  trans* 
porting  power  of  one  moving  ten  miles  sn  hour,  and  more  than  a  miUioa 
that  of  a  stream  two  miles  an  hour,*  we  can  eomprebaad  how  very 
inadequate  must  be  the  conceptions  of  this  force  which  we  derive  Crnb 
viewing  a  stream  at  low  water. 

This  rise  in  the  Kangaroo  Grounds  is  an  index  of  what  takas  place 
every  few  years  over  the  whole  country.  Our  surprise  at  the  amotiiit 
of  degradation  subsides  before  such  facts ;  and  we  rather  wonder  that 
sandstones  so  soft  and  fragile,  which  have  been  exposed  probably  from 
the  Oolitic  period,  still  cover  the  surface  to  so  great  aa  extent  as  they 
do  at  the  present  time. 

Mr.  Darwin  derives  his  principal  argument  against  tbe  hypotheeis  of 
denudation  from  the  forms  of  tbe  valleys, — their  width,  extent  and  rami- 
fications, and  yet  narrow  embouchures.  But  we  find  on  consideratioQ 
that  this  form  is  a  necessary  result  of  the  mode  of  denudation  under 
the  circumstances  supposed. 

In  our  account  of  the  valleys  of  the  Pacific  islands,!  it  has  been 
shown  that  the  gorges  change  their  character  where  the  slopes  become 
quite  gradual,  from  a  narrow  defile  with  convergent  sides,  to  a  broad 
channel  with  vertical  walls  and  flat  bottom  :  the  cause  of  this  change 
has  also  been  explained.  The  same  cause  should  produce  a  like  eflect 
in  Australia.  Though  it  be  a  repetition,  we  add  in  this  place  a  brief 
explanation  of  the  process.  A  stream,  in  making  a  descent  of  two  or 
three  thousand  feet  from  the  higher  summits  to  the  level  of  tbe  sea, 
gradually  deepens  its  bed  by  wear.  Since  the  waters  are  increasing  in 
quantity  from  various  sources  as  they  flow  onward,  this  deepening  of 
the  gorge  should  be  most  rapid  at  its  lower  extremity ;  and  it  would 
continue  in  progress  until  the  bed  in  that  part  became  so  lower  gradual 
in  slope,  that  the  waters  had  lost  to  a  large  degree  their  rending  force, 
and  any  excavation  at  bottom  was  nuide  up  by  the  materwl  deposited 
along  its  course.  This  fact  determines  a  permanent  height  for  the  bot* 
torn  of  the  lower  valley.  As  the  stream  continues  its  wearing  adioo, 
in  the  same  manner,  the  lower  valley  is  gradually  prolonged  upward, 
retaining  nearly  the  same  slope  at  bottom  (one  or  two  feet  to  the  oule) ; 
consequently  the  steeper  portion  of  the  gorge  is  at  the  same  rale  be- 
coming shorter  and  still  steeper.  Thus  the  head  of  the  stream  nsay 
finally  become  a  series  of  cascades,  or,  as  it  happens  at  times  in  the 
Pacific,  it  may  be  reduced  mostly  to  a  single  cascade  of  a  thousand 
feet  or  more. 


The  progress  of  this  change  may  be  better  understood  from  the 
cut  here  given. 

*  Wx.  HoPKUft,  On  the  Tranmort  ofSrroHe  Block*,  Trmnt.  Oamb.  FhiL  Soc,  Tin, 
1844,  p.  %ih 
f  p.  879  of  this  Report;  also  this  T<dame,  p.  67. 
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A  B  C  D  10  the  rock  to  bo  cut  throagh  \j  the  atream.  Suppose  im* 
BodatioB  to  produce  first  the  course  C  n^.  The  stream  is  filled,  as  is 
commooly  the  case,  by  lateral  chanuels  and  rills  down  the  sides  of  the 
gorge,  as  well  as  by  the  main  source ;  and  the  amount  or  depth  of  water 
is  thus  io  constant  increase,  as  it  flows  onward.  Denudation  is  conse- 
qeeotly  most  rapid  the  farthest  from  the  head,  or  towards  n^  $  the  valley, 
therefore,  increases  in  depth  in  this  part  till  the  slope  has  become  so 
genUe  here  as  to  counterbalance  the  greater  amount  of  water,  at  which 
point  the  bottom  of  the  valley  ceases  to  deepen ;  in  this  conditio* 
n^n^  becomes  the  bottom  of  the  lower  valley,  and  Cn^  the  steeper 
portion  above  it  In  the  same  manner  the  valley  bottom  continues  to 
prolong  at  nearly  the  same  slope,  and  Cn^^  Cn^^  Cn''  become  suc- 
cessively the  course  of  the  stream  descending  into  it  And  even 
C  n*,  is  no  exaggeration  of  possibilities ;  for  many  examples  of  it  are 
met  with. 

But  the  results  explained  are  but  a  part  of  the  actual  course  of  things 
in  these  regions  of  horizontally  stratified  rock.  As  on  Oahu  and  else* 
where,  when  the  denudation  at  bottom  has  reached  its  limit,  the  waters 
exert  but  little  degrading  power  except  during  floods,  and  this  takes 
place  by  the  sides  of  the  overflowing  stream  ;  at  the  same  time,  depo« 
sitions  of  detritus  take  place  along  its  banks.  The  result  is  that  the 
rocks  bounding  the  valley  are  worn  away  below,  and  are  oAen  under- 
ained,  as  before  explained  ;  the  valley  widens  at  bottom  to  a  flat  plain, 
while  the  enclosing  wall  by  the  process  becomes  nearly  vertical.  A 
narrow  riband  of  land  between  high  precipices  of  rock  is  therefore  a 
necessary  result  of  the  action. 

Degradation  still  continues  along  the  upper  or  steep  part  of  the  main 
stream,  and  also  along  the  many  streamlets  and  rills  pouring  down  the 
valley^s  sides ;  and  in  each  of  these  streamlets  there  is  a  tendency  to 
produce  below  a  flat- bottomed  valley.  The  consequence  is,  that  they 
increase  the  width  and  extent  of  the  main  valley-plain ;  for  whenever 
they  become  thus  flat-bottomed,  they  contribute  to  its  lateral  enlarge- 
ment At  the  same  time,  the  blufls  at  the  lower  extremity  or  embou* 
cbure  of  the  main  valley  remain  without  much  change,  as  the  denuda- 
tion is  mostly  confined  to  the  vicinity  of  the  streamlets  alluded  to,  and 
these  streamlets  are  most  abundant  above,  since  they  are  produced 
and  fed  chiefly  by  the  rains  in  the  higher  part  of  the  mountains.  It  is 
natural  enough,  therefore,  that  the  valleys  should  not  only  become  flat 
below  and  precipitous  in  their  sides,  but  also  that  they  should  widen 
leesi  at  their  lower  extremity.  We  see,  therefore,  no  necessity  of  ap- 
pealing to  any  other  cause  than  simply  running  water  to  account  for 
the  most  stupendous  results  in  Australia. 

It  has  been  supposed  that  the  sea  has  been  largely  concerned  in  the 
denudatbn  which  has  produced  the  Australian  valleys.  On  this  point 
enough,  perhaps,  has  already  been  said  on  a  former  page.  We  find 
no  reason  for  attributing  any  of  the  valleys  to  this  source,  although  it 
is  possible  that  some  modifications  may  thus  have  resulted.  The 
facts  at  Port  Jackson  are  a  sufficient  reply  on  this  point.  The  cliflls  of 
the  estuary  actually  undergo  very  little  change  from  the  action  of  its 
waters,  and  are  far  nK>re  altered  by  the  mode  of  efflorescence  described, 
and  by  rills  of  running  water ;  and  such  action  as  is  exerted,  tends  to 
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r«iio«»tl»lieadiand»iMledl«f  dec^etiog«h»c#v6«.  TlKrab|tlMrre« 
fore,  ^ood  reMon  foe  believiog  that  aoeli  estuariev  a»  Port  Jacksoo  and 
MacqtuMrie  were  dug  out  by  fresh  waters,  end  Imve  emee  been  seb* 
merged.  The  fact  thai  there  is  a  Gorrespoodeaee  in  trend  with  the 
fissures  of  the  sandstones,  sliows  that  their  direction  was  deiemttned  hj 
these  fissures,  or  by  iaaln  which  have  the  same  origin.  We  have  re- 
taarked  thsit  the  rock  has  not  the  same  dip  in  the  two  Beads  of  Port 
Jaeksony  a  &cl  iodieatiag  the  existence  of  one  or  neve  intermediate 
faults. 

IIL  Zoology. 

1.  Report  on  Zoophytes ;  by  Jakes  D.  Dana,  Geologist  of  the  Ex- 
ploring Expedition  under  Captain  Wilkes,  U.S.N.  740  pp.  4io,  1846 ; 
with  an  Atlas  of  61  plates  in  folio,  mostly  colored,  1849. — The  pub- 
lication of  this  work  has  been  briefly  announced  in  this  Journal.  The 
number  of  species  of  corals  collected  in  the  course  of  the  voyage  of 
the  expedition  was  quite  large,  and  it  consequently  became  necessary 
to  revise  this  department  of  science  throughout ;  the  volume  there- 
fore includes  all  known  species  of  existing  coral  zoophytes,  up  to  the 
date  of  its  publication.  The  species  added  by  Mr.  Dana,  or  described 
anew  from  specimens  examined,  are  in  all  cases  indicated  in  connec- 
tion with  the  mention  of  the  locality ;  and  moreover,  in  the  catalogue 
of  species  accompanying  the  remarks  upon  each  genus,  the  new  and 
redescribed  species  are  designated  by  an  asterisk,  in  order  that  the  ob- 
servations for  which  the  author  is  not  personally  responsible,  may  in  all 
instances  be  readily  obvious.  The  references  and  synonynies  have 
been  collected  from  a  consultation  and  study  of  the  original  authors  in 
this  department,  and  not  simply  from  the  systematic  treatises.  There 
has  thus  been  a  complete  revision  of  the  synonymy  of  the  science, 
besides  a  corrected  identification  of  the  species  described  or  figured  by 
former  writers. 

Out  of  the  444  known  species  of  coral  zoophytes,  (excluding  the 
Alcyonaria,)  233  are  new  species  first  described  by  the  author ;  and  of 
the  remaining  211,  122  are  redescribed  from  specimens.  To  the  genus 
Madrepora,  previously  numbering  20  species,  52  new  species  are 
added,  and  12  of  the  old  species  redescribed  from  specimens.  The  30 
known  species  of  AstrsBse  were  increased  to  62  ;  the  four  of  Euphyl- 
lis;,  D.  (referred  to  Caryophyllia  by  Lamarck)  to  15;  the  17  of  Fun- 
gidse,  to  60 ;  the  57  of  MadneporidsD  to  141,  and  34  out  of  the  57  old 
species  were  redescribed  from  specimens.  This  addition  of  species 
rendered  it  necessary  to  describe  the  old  genera  in  some  instances  wiih 
more  precision,  and  the  examinations  of  the  animals  made  it  in  general 
possible  to  give  these  descriptions  a  zoological  character,  a  course  in 
which  Ehrenberg  had  led  the  way.  Thus  the  science,  like  that  of 
molluscs,  is  at  last  rescued  from  being  a  mere  systematical  arrange- 
ment of  animal  secretions.  Species  hardly  distinguishable  in  the  cor- 
als were  sometimes  found  very  difierent  in  the  animals.  The  Aoiipa- 
thes,  supposed  hitherto  to  belong  with  the  Gorgonie,  from  a  resem- 
blance in  mode  of  growth,  (as  the  species  of  each  group  have  a  homy 
a^,)  were  shown  to  be  zoologically  related  to  the  Madrepone^-^-Hhe 
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w^ktd  ciMnractir  of  the  teotadas  ondtMr  nmMber^  fir,  hekif  wiMy 
MferMH  from  the  same  io  the  Crorgome  and  other  Alcyonaria,  in 
which  the  tentacles  are  fringed  with  papiUss,  and  the  number  is  tight. 
The  Aetinis  usually  separated  widely  from  coral  zoophytes,  hare  re- 
ceived their  true  place,  in  dose  affiliation  with  the  Astreeidse. 

2.  A  new  genus  of  Orcheitida ;  by  i.  D.  Dam  a.— In  a  synopsis  of  tlie 
genera  of  Gamma racea,  in  this  Joornai,  vokme  viii,  p.  185,  three  gen- 
era of  Orchestids  are  mentioned,  Talitrus,  Orcheetia  and  Alknchestes. 
We  here  add  a  fourth ;  and  for  the  purpose  of  giving  a  fuller  compare 
ative  view  of  the  four,  and  correcting  a  niisprittted  word,  we  insert 
the  geoerie  eharaeters  for  the  group. 

L  Pedes  pfimi  non  ehelifonnes  nee  subchelifornieey 
aitictilo  styliformi  coofecti;  secundi  Bspe  subchell- 
fbrmes,  mano  ave  parvulA  et  debiM  tare  DuUft.  Ab- 
lelm»  saperioree  bam  inferiorum  brtviorea.  7hlitfu$  (LtttrsiBe). 

2.  Tcditro  pedes  primos  anteiinasque  similis.  Pedes 
marU  secuncu  Talde  subcheliformes,  maou  graDdi.  TalUrcnm  (DUDa). 

8.  Pedes  primi  secuodique  plus  minusye  subdieli- 
formes.  Antemue  saperiores  basi  infehonun  breyi- 
QKL    MazOIipedes  apioem  obtnsl  Orehetih  (Leaefa). 

4  Pedes  pnmi  secundique  plus  minusre  snbcheli- 
fonnea.  Ad  teima  supeiiores  Iveyiores,  basi  inf eriorom 
longiores.    Maxillipeaes  apicem  imguiculatl  Allorehattet  (I)aiia)^ 

3.  On  the  Genus  Astraa;  by  James  D.  Dana. — ^Tn  the  Report  on 
Zoophytes  by  the  writer,  the  Genus  Astrsea  has  the  same  extent  dearly 
that  was  given  it  by  Lamarck,  but  based  on  zoological  evidence,  n 
includes  alt  those  species  of  Actinacea  in  which  the  budding  is  fVoro 
the  summit  and  is  a  consequence  of  the  gradual  widening  of  the  sum- 
mit by  growth :  in  some  the  budding  resulting  in  a  subdivision  of  the 
disk  of  a  polyp ;  and  in  others,  in  the  development  of  a  new  polyp 
from  the  widening  parts  just  exterior  to  the  disk,  the  widening  not  ex- 
tending  to  the  disk.  The  latter  division  had  previously  been  separated 
by  Ebrenberg  and  united  with  some  other  species,  inchiding  one  or  two 
Gemmiporae,  to  form  bis  genus  Explanaria,  a  Lamarckian  generic 
name  but  with  a  wholly  new  application. 

The  author  has  shown  that  the  budding  and  growth  of  the  Gem- 
miporse  is  essentially  diflTerent  from  that  of  the  Astrseoid  species  here 
alluded  to — in  the  former,  the  buds  being  lateral  from  towards  the  base 
of  the  polyps,  while  in  the  latter  (as  in  Astreeas)  the  summil  of  the 
polyps  gradually  widens  or  extends  and  produces  buds.  The  corals  of 
this  species  show  this  diflTerence  in  a  striking  manner.*  Rejecting, 
therefore,  the  genus  Explanaria,  (a  name  objectionable  on  account  of 
its  double  use,  as  well  as  its  etymological  incorrectness,)  the  author  re- 
tained the  Astrsoid  species  in  the  genus  Astrsoa  and  introduced  the 
subdivisions,  corresponding,  of  Orbicellat  and  Fissicella,  the  latter  in- 
eluding  the  species  which  increase  by  a  subdivision  or  fission  of  disks, 
ttd  the  former  those  whose  buds  were  marginal  or  interstitial. 

«  See  this  Journal  m,  iii,  16, 18. 

t  Oorrespends  to  Blamville't  subdififlion  I^ibatirtfat  a  name  of  hybrid  or^gnL 
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Profaflipr  Agaasiz  has  made  some  reoent  obserrattoiM  on  the  ovm 
and  deveiopmeot  of  a  spectes  of  Actinia,  and  has  shown  that  the  num- 
ber of  tentacles  in  the  young  animal  is  at  first  Jive}  and  he  haa  conse- 
quently  inferred  that  this  is  a  typical  or  normal  nomber  for  the  true 
Actiniae.  The  Actiniae,  it  should  be  observed,  are  identical  wKh  the 
ordinary  coral  polyps  in  all  points  of  structure,  and  this  number  should 
therefore  be  expected  to  occur  among  them. 

But  the  author  has  elsewhere  shown^  that  in  the  Orbtcellse  the  num- 
ber of  tentacles  is  a  multiple  of  6  or  4.  In  the  Orb,  argus^  glaucojrit, 
aurla^  the  number  is  forty-eight ;  in  the  coronata  and  rotuloaa,  thirty- 
six;  in  the  pleiade^y  hyades^  exceUa^  annularis^  suUuUUa^  micrapk^ 
thalma^  ocellina^  twenty-four ;  in  the  slelligera^  eighteen.  Tlie  number 
six  is  likewise  characteristic  (perhaps  sometimes /our  and  not  six)  of 
the  species  of  the  genus  Caryophyllia  and  other  Caryophyllidae ;  also 
of  the  Madreporidfe  in  which  the  number  is  twelve;  and  of  the  Aotipa- 
thidse,  in  which  it  is  six. 

From  these  different  observations  we  therefore  seem  to  hare  two 
typical  numbers  in  the  same  group  of  animals.  Prof.  Agassiz^s  obaerva- 
tion  is  sustained  by  the  fact  that  many  Actiniae  have  a  five-lobed  sum- 
mit, or  a  five-lobed  mouth. 

It  is  therefore  a  very  probable  inference  that  those  Astrseidse  which 
bud  by  subdivision  of  the  disk  pertain  to  the  five  series,  and  owe  to 
this  in  part  the  indefinite  growth  of  the  disk  and  multiplication  of  ten- 
tacles, and  the  consequent  fission  that  takes  place.  While  those  of  the 
six  series,  as  far  as  direct  observation  has  gone,  have  a  fixed  limit  to  the 
number  of  tentacles, — the  even  number  six  being  a  limit-number,  while 
Jive  may  or  may  not  be  so.  The  multiplication  of  tentacles  as  growth 
proceeds,  has  been  shown  by  the  writer  to  be  quite  analogous  to  the 
spiral  development  of  the  leaves  or  petals  of  a  plant ;  and  it  is  there- 
fore an  interesting  fact  that^e  should  be  the  number  for  the  unlimited 
spiral,  while  <u;  is  a  limited  spiral.  This  is  a  point,  however,  which 
direct  observation  on  the  young  of  the  fissiparous  zoophytes  alone  can 
fully  establish. 

From  this  and  other  considerations,  the  author  concludes  that  the 
two  subgenera  of  AstrcBse  are  much  more  widely  separate  than  is  ad- 
mitted in  his  system,  as  published  in  his  Report  The  Actinaria  ap- 
pears to  contain  two  grand  groups,  one  characterized  probably  by  the 
number ^oe,  and  multiplication  by  fission,  while  the  other  is  character- 
ized by  the  number  m,  and  an  absence  of  fission.  The  former  in- 
cludes the  Adinida  (excluding  the  Orbicellte,  Echinoporae,  and  Phyl- 
lastrasae),  with  the  Fuvgida;  while  the  latter  embraces — 1.  the  Orbi* 
cellida  (the  species  of  the  three  genera  just  mentioned) ;  2.  the  Cyalkth- 
phyllida ;  3.  the  Caryophyllida ;  4.  the  Gemmiporidct ;  5.  the  2omi- 
ihida ;  6.  the  Madreporidm ;  7.  the  Anlipathida. 

The  subgenus  Orbiulla  should  therefore  take  the  rank  of  a  genus. 
We  shall  probably  find  that  there  are  Actinias  of  both  kinds,  although 
hitherto  not  distinguished. 

*  See  Report  on  Zoophjies,  p.  49,  and  thii  Journal  [2],  iii»  9. 

Digitized  by  VjOOQIC 


Miseefhneous  InieUigenee.  297 

As  far  as  the  writer  has  observed,  none  of  the  Paheozoie  corals,  or 
Cyathophyllids,  bud  by  sabdivisioD  of  disks.  Some  species  have  sum- 
mit or  didc  buds;  but  these  buds  grow  out  from  the  disk,  like  those 
which  grow  from  the  sides ;  and  are  not  a  consequence  of  a  gradual 
and  successive  muitiplicatioD  of  the  tentacles  and  widening  of  the  orig- 
iaai  disk,  ending  in  a  progressive  subdivision.  The  nearest  represeeta* 
tives  of  the  ancient  Cyathophyllidse  are  to  be  found  io  the  Orbicelle 
asd  Caryophylliee.  But  the  transverse  horizontal  septa  of  many  of  the 
ancient  species  have  nothing  corresponding  in  these  groups  though  rep* 
resented  among  the  Pocilloporse  and  some  other  genera  of  recent  Mad* 
reporids. 

IV.    MiSCELLANEOlTS  INTELLIGENCE. 

I.  On  the  Extraction  of  Gold  from  the  Copper  Ores  of  Cheesy  and 
Sain-Bel ;  by  Messrs.  Allain  and  Bartenbach,  (Coroptes  Reodus, 
Nov.  19,  1849;  Ghem.  Gaz.,  Jan.  1, 1850,  p.  17.)— it  results  from  our 
experiments,  that  at  least  two  ten-thousandths  of  gold  may  be  extracted 
from  the  above  copper  ores,  the  working  of  which,  as  the  mines  in 
question  are  of  considerable  extent,  may  become  highly  important. 
The  density  of  the  ore  being  4,  1  cubic  metre  represents  800  grms.  of 
gold.  The  operations  are  easy  and  rapid,  and  consist  in  first  roasting 
the  ore,  and  then  dissolving  out  the  gold. 

Af\er  the  mineral  has  been  roasted  in  small  fragments  in  the  air,  with 
a  view  to  render  it  more  friable,  it  is  pulverized,  passed  through  a  fine 
brass  sieve,  and  again  roasted  as  much  as  possible,  that  is  to  say,  until 
the  powder  has  acquired  a  homogeneous  brownish-red  color.  It  is  then 
formed  into  a  paste  with  sulphuric  acid  of  66^y  and  roasted  a  last  time 
until  there  is  no  further  disengagement  of  sulphurous  or  sulphuric  acid. 
The  employment  of  sulphuric  acid  is  most  efficacious,  as  on  the  one 
band,  the  sulphur  in  the  form  of  sulphuric  acid  serves  to  remove  sul* 
phur,  and  on  the  other,  as  this  metalloid,  on  becoming  oxydized  either 
by  the  air  or  at  the  expense  of  the  oxygen  of  its  compound,  furnishes 
a  greater  amount  of  sulphuric  acid  than  is  wanted  if  the  sulphurous 
vapors  of  the  different  roastings  are  passed  into  leaden  chambers. 
Again,  sulphuric  acid  is  preferable  for  removing  the  oxyds  of  zinc  and 
copper  formed,  as  it  readily  converts  the  last  traces  of  sulphurets  which 
may  have  escaped  the  roasting  into  sulphates. 

The  substance  is  then  reduced  to  as  fine  a  powder  as  possible,  and 
boiled  with  weak  sulphuric  acid.  The  insoluble  portion  is  washed,  and 
lastly  heated  with  aqua  rcgia  diluted  with  water,  but  having  been  previ* 
ously  made  in  the  proportion  of  6  parts  of  hydrochloric  acid  of  2V 
and  1  part  of  nitric  acid  of  36®.  This  is  an  important  point.  The 
liquid  containing  the  chlonds  of  iron,  gold  (and  even  of  copper,  for  it 
is  difficult  to  remove  this  metal  entirely  by  a  single  ebullition  with  sul* 
phunc  acid),  is  placed  in  contact  with  iron,  which  precipitates  the  gold 
aod  copper;  the  precipitate  is  collected,  washed,  dried  and  calcined, 
to  oxydize  the  copper.  The  gold  may  be  separated  from  the  oxyd  of 
copper  and  oxyd  of  iron  (for  there  is  always  a  little  of  the  latter  pre- 
cipitated in  the  cementation)  by  sulphuric  or  hydrochloric  acid  ;  but 
the  separation,  either  by  fusion  or  by  chlorine  or  mercury,  is  prefer^- 
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ble.  With  the  chlorid  the  metal  is  tedticed  by  heat,  with  amalgam  the 
mercury  is  volatilized.  The  process  above  described  is  Applicable  to 
all  pyrites  which  contain  gold.  The  expenses  attending  the  extraction 
of  2  lbs.  of  gold  from  the  Chcssy  ores,  af^er  deducting  the  value  of  the 
copper  obtained,  do  not  exceed  four  hundred  francs. 

2.  The  Table  Land  of  Thibet,  (Athen.,  No.  1146.)— In  April  last 
we  had  occasion  to  speak  of  the  first  firuits  of  Dr.  Hooker^s  mission  to 
explore  the  botanical  and  physical  character  of  the  Himalaya.  He  had 
ascended  the  eastern  extremity,  within  sight  of  the  great  snowy  range, 
of  which  the  peak  Kinchin-junga,  altitude  28,172  feet,  is  the  loftiest 
yet  known  in  the  world, — and  was  anxiously  waiting  in  the  environs  of 
Daijeeling^  with  the  view  of  reaching  the  great  table-land  of  Thibet, 
and  determining  the  questions  submitted  to  him  by  Humboldt  relative 
to  its  elevation  and  snow  lines.*  Owing  to  the  jealousy  with  which 
the  frontiers  are  guarded  by  the  Chinese  and  Sikkim  tribes,  and  the 
difficulty  of  obtaining  provisions  and  guides,  it  was  some  months  before 
Dr.  Hooker  could  make  the  pass.  This,  however,  has  been  effected  ^— 
as  the  following  letter  describes. 

Tungu,  N.K  Sikkim,  alt  18.600  ft,  July  25, 1849. 
I  have  at  length  carried  my  point,  and  stood  upon  the  table- land  of 
Thibet,  beyond  the  Sikkim  frontier,  at  an  elevation  of  15,500  ft.,  at  the 
back  of  the  great  range  of  snowy  mountains.  The  pass  is  about  ten 
miles  north  of  this.  We  have  Thibetan  ponies,  mounted  thereon  i  la 
Tartare ;  but  I  walked  a  considerable  part  of  the  way,  collecting  many 
new  plants.  The  Thibetans  come  over  the  frontier  in  summer  to  feeil 
their  Yaks,  and  reside  in  horse-hair  tents.  I  entered  one  and  was 
much  amused  with  a  fine  Chinese- looking  dri,  a  jolly  laughing  wench, 
who  presented  me  with  a  slice  of  curd.  These  people  eat  curd  with 
berbs,  milk,  and  Fagopyrum  bread— only  the  richer  can  afford  to  pur* 
chase  rice.  They  have  two  sorts  of  churn :  one  is  a  goat-skin,  in  which 
the  cream  is  enclosed  and  beaten,  stamped  upon  and  rolled ;  the  other 
is  an  oblong  box,  a  yard  in  length,  full  of  rhododendron  twigs,  frosted 
with  butter — and  maggots.  Some  miles  farther  we  reached  the  tents 
of  Peppin,  the  Lachen  Soubah,  and  were  most  graciously  received  by 
his  squaw  and  family.  The  whole  party  squatted  in  a  ring  within  the 
tent,  myself  seated  at  the  head  on  a  beautiful  Chinese  mat.  The  lady 
of  the  Soubah  made  tea,  adding  salt  and  butter,  and  each  produced  our 
Bhotea  cup,  which  was  always  kept  full.  Curd,  parched  rice,  and 
beaten  maize  were  handed  liberally  round.  Our  fire  was  of  juniper 
wood,  and  the  utensils  of  clay,  moulded  at  Dijarcht,  except  the  bamboo 
chum,  in  which  the  tea,  salt,  and  butter  were  churned  previous  to  boil- 
ing. •  •  Presently  a  tremendous  peal,  like  thunder,  echoed  down  the 
glen.     My  companions  started  to  their  feet,  and  cried  for  me  to  be  off, 

•  <*  Que  ie  irais  bearenz  d'ftpprebendre  [ssys  Humboldt]  que  vocw  aUes  pte6tnr 
dans  ces  beUes  vaU^et  de  rHimgUyah,  et  mmie  av-del4  vers  Ladak  et  les  plateaox 
de  Thibet,  dont  la  hauteur  moyenne,  non  oonfondue  avec  ceUes  des  dmes  qui  8*414- 
vent  dans  le  plateau  m^e,  est  nn  otjet  digne  de  rechercbe.  *  *  Edaircir  le  prob- 
Mme  de  la  hauteur  des  neiget  perp^tueQee  d  la  pente  m^ridioDale  et  d  la  pente  sep- 
teiitrioDale  de  rHimalayah  en  vous  rappellant  tea  donn^es  que  j'ai  r^umes  dans  it 
troiaidme  volume  de  mon  Asie  OentnUe. 
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— fi>r  the  -inouiitaiiM  were  falUiig  and  a  violent  storm  was  at  baud.  We 
pursued  our  way  for  five  or  six  miles  in  a  thick  fog ;  the  roar  of  the 
failing  masses  from  Kinchin-jow  on  the  one  liand  and  Chomoimo  on  the 
ether  being  truly  awful.  Happily,  no  fragment  can  enter  the  valley, 
by  reason  of  the  low  hills  which  flank  the  river  along  whose  bed  .we 
were  journeying.  Violent  rain  ensued,  and  drenched  us  to  the  skin. 
Gradually,  as  we  ascended,  the  valley  widened ;  and  at  the  altitude  of 
about  15,000  feet  we  emerged  into  the  broad,  flat  table-land,  composed 
of  range  after  range  of  inosculating  stony  terraces,  with  a  little  herbage, 
amoogst  which  the  Laohen  river  meanders.  Five  hundred  feet  farther 
we  found  ourselves  at  the  top  of  a  long  flat  ridge,  connecting  the  north- 
weet  extreme  of  Kinchin-jow  with  Chomoimo, — and  here  stood  the 
boufidary  mark.  Happily,  the  weather  cleared.  Northward  the  pla- 
teau  dipped  by  successive  very  low  ridges,  overhung  with  a  canopy  of 
the  vapors  that  had  deluged  us.  Easterly  was  the  blue  sky  and  low 
ridges  of  the  lofty  table-land,  which  here  backs  the  great  range.  To 
the  weM  the  spurs  of  Chomoimo  and  much  mist  veiled  the  horizon. 
Southeast  Kinchin-jow,  a  flat-topped  mass  of  snow,  altitude  20,000  feet^ 
roae  abruptly  from  rocky  cliflSi  and  piles  of  debris.  Southwest  was 
Chomoimo,  equally  snow ;  while  southward,  between  these  mountains, 
the  plateau  dipped  into  the  funnel-niouth  head  of  the  Lachen  valley. 
Here  I  had  an  opportunity  of  solving  the  great  problem — the  Elevation 
of  the  Snow  Line.  Strange  to  say,  there  was  not  a  particle  of  snow  to 
be  seen  anywhere  en  route^  right  or  leA,  nor  on  the  great  mountains 
for  1,500  feet  above  my  position.  The  snow  line  in  Sikkim  lies  on  the 
Indian  face  of  the  Himalayan  range,  at  below  15,000  feet, — on  the 
Thibetan  (northern)  slope  at  above  16,000!  I  felt  greatly  delighted, 
and  made  a  hasty  sketch  of  the  surrounding  scenery  : — somewhat 
rode,  for  at  thb  great  elevation  my  temples  throb,  and  I  retch  with 
sickness. 

Just  above  15,000  feet  all  the  plants  are  new ;  but  the  moment  you 
reach  the  table*land  nine-tenths  of  them  disappear.  Plants  that  are 
found  at  12-13,000  feet  on  the  Indian  approaches  to  Thibet,  did  not 
ascend  to  the  top  of  the  Pass ;  still,  as  I  always  expected,  at  the  turning 
point  where  the  alpine  Himalayan  vegetation  is  to  be  soon  replaced  by 
Thibetan  sterility,  there  is  a  sudden  change  in  the  Flora^  and  a  devel- 
opment of  species  which  are  not  found  farther  south,  at  equal  altitudes 
in  the  Himalaya.  We  made  a  fire  of  Yak  dung  dried,  and  blew  it  up 
with  bellows  of  goat  skin,  armed  with  a  snout  of  Yak^s  horn.  My  poor 
Lepchas  were  benumbed  with  cold.  I  stayed  an  hour  and  a  half  on  the 
Thibetan  side  of  the  frontier,  and  obtained  good  barometrical  observa- 
tions, and  others  with  boiling  water, — but  the  latter  process  is  infinitely 
the  more  troublesome.  On  our  return  the  weather  cleared  magnificent- 
ly, and  the  views  of  the  great  mountains  already  named  rising  perpendic- 
ularly exceeded  any  that  I  ever  beheld.  For  6,000  feet  they  rise  sheer 
ap  and  loom  through  the  mist  overhead ;  their  black  wall-like  faces  patch- 
ad  with  ice,  and  their  tabular  tops  capped  with  a  bed  of  green  snow,  prob- 
ably from  200  to  300  feet  thick.  Southerly  down  the  glen  the  moun- 
tains sunk  to  low  hills,  to  rise  again  in  the  parallel  of  the  creat  chain, 
twenty  miles  south,  to  perpetual  snow,  in  rugged  peaks.  We  stopped 
again  at  Peppin^s  tent  for  refreshment,  and  1  again  took  horse.     My 
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stubborn,  intractable,  unshod  Tartar  pony  never  missed  a  foot.  Sharp 
rocks,  deep  stony  torrents,  slippery  paths,  or  pitch  darkness,  were  all  ihe 
same  to  him.  These  ponies  are  sorry  looking  beasts ;  but  the  Soubah, 
who  weighs  sixteen  stone,  rode  his  down  the  whole  thirty  miles  of  rocks, 
stones,  streams,  and  mountains ;  and  except  to  stop  and  shake  them- 
•elves  like  a  dog,  with  a  violence  that  nearly  unhorsed  me,  neither  hts 
•teed  nor  mine  exhibited  any  symptoms  of  fatigue.  Fever  rages  below 
from  Choontam  to  Darjeeling.  My  people  behave  admirably,  and  I 
oeirer  hear  a  complaint ;  but  I  find  it  very  hard  to  see  a  poor  fellow 
come  in,  his  load  left  behind,  stan^gering  with  fever,  which  he  has  caught 
by  sleeping  in  the  valleys,  eyes  sunk,  temples  throbbing,  pulse  at  120, 
and  utterly  disabled  from  calling  up  the  merry  smile  with  which  the 
kind  creatures  always  greet  me.  We  have  little  rain,  but  much  mist; 
and  I  find  great  difficulty  in  keeping  my  plants  in  order.  Do  not  be 
alarmed  for  me  about  fever,  for  I  shall  not  descend  below  6,000  feet 
I  have  not  been  below  10,000  feet  for  the  last  two  months.  1  lead  a 
hard,  but  healthy  life ;  and  know  not  what  it  is  to  spend  a  lonely-feeling 
hour,  though  without  a  soul  to  converse  with.  Arranging  and  labelling 
plants,  and  writing  up  my  journal,  are  no  trifling  occupation,  and  1  am 
incessantly  at  work.  Joseph  Dalton  Hooker. 

3.  On  ihe  Classification  of  Colors.  Part  II.  By  Professor  J.  D. 
PoitBBS,  (Proc.  R.  Soc.  Edinb.,  ii,  214.) — The  object  of  this  paper  is 
chiefly  one  of  nomenclature.  Every  one  has  felt  the  difficulty  of  de- 
scribing with  precision  the  innumerable  hues  which  occur  in  nature 
and  in  art ;  and  which  it  is  equally  desirable  for  the  optical  philosopher, 
the  artist,  and  the  manufacturer,  to  be  able  to  refer  to  in  a  clear  and 
definite  manner.  But  such  a  nomenclature  or  classification  must  pro- 
ceed upon  some  admission  as  to  the  manner  of  compounding  complex 
hues  out  of  simple  ones ;  and,  therefore,  the  author  first  treats  of  the 
(so-called)  Primary  Colors.  He  admits  it  as  highly  probable,  that  all 
known  colors  may  be  formed  out  of  red,  yellow,  and  blue ;  although, 
when  we  attempt  to  compound  pigments,  we  have  a  very  notable  loss 
of  light,  and  also  an  unavoidable  impurity,  which  is  most  visible  in  the 
compound  tints.  The  author,  in  passing,  endeavors  to  explain  clearly 
why  the  union  of  pigments  never  can  produce  a  perfect  while,  ahhough 
the  colored  light  of  the  spectrum  does  so ;  for,  by  adding  blue  light  to 
yellow  light,  we  not  only  change  the  color,  but  we  increase  the  illu- 
mination ;  whereas,  by  adding  a  blue  to  a  yellow  pigment,  whilst  we 
change  the  color,  we  at  the  same  time  reduce  the  luminousness  of  the 
surface,  the  blue  particles  being  far  less  reflective  than  the  yellow  ones. 
Inferring  from  Newton^s  empirical  rule,  the  quantities  of  red,  yellow, 
and  blue  light,  which  should  combine  to  make  while  light;  and  adopt- 
ing Lambert^s  results  as  to  the  reflective  powers  of  the  brightest  pig- 
ments, the  author  concludes,  that  the  mean  illuminaVion  of  a  disk  put 
in  rapid  revolution,  and  containing  colored  sectors,  will  be  4*57  times 
less  than  if  it  reflected  the  whole  incident  light,  or  it  will  reflect  only 
about  half  the  light  which  white  paper  does  under  the  same  illumina- 
tion, therefore  it  will  appear  relatively  grey  under  any  given  external 
illumination. 

The  author  then  states,  that  the  triangular  arrangement  of  colors  first 
proposed  by  Mayeri  and  farther  carried  out  by  Lambert,  appears  to 
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aflTord  the  clearest  and  truest  mode  of  displaying  at  a  gknee  the  modi- 
fication of  color  due  to  the  varying  proportion  of  the  three  primary 
elements.  In  this  triangle,  perfect  red,  yellow,  and  blue,  occupy  the 
tkree  comers ;  and  these  colors  graduate  into  one  another,  according 
le  ihe  simple  law  of  the  distance  of  any  point  in  the  triangle  from  the 
three  corners.  The  sides  of  the  triangle  are  occupied  by  binary  col- 
ors or  compounds,  by  two  and  two;  the  interior  is  occupied  by  triple 
compounds ;  and  the  centre  of  gravity  of  the  triangle  ought  to  be  a 
neutral  grey. 

Hence  it  will  appear,  that  any  hue  not  purposely  diluted  with  black 
or  white,  is  composed  of  a  compound  of  a  binary  color  with  neutral 
gray.  Hence  a  convenient  nomenclature  suggests  itself  as  follows : 
the  (irst  eolumn  containing  the  binary  colors. 


Ueik 

QreyiskBed. 

Grey  Red. 

Red  Grey. 

Reddish  Grey. 

Grey. 

« 

« 

♦ 

Reddish  Orange, 

• 

# 

OmAlTOB. 

Qreyith  Onmge. 

Grey  Orange. 

Orange  Grey.  Orangiah  Grey. 

Grey. 

YeUowiAh  Orange, 

♦ 

* 

Yellow  Oranee, 

« 

♦ 

♦ 

Orangish  YoUow,              ♦ 

« 

Yellow.                Greyish  Yellow. 

Grey  Yellow 

YellowGrey. 

YellowiAOreyGreyJ 

Ac                 1          Ac 

Ac 

Ac 

Ac 

Ac| 

These  colors  are  supposed  to  be  of  the  standard  or  maximum  attain- 
able intensity. 

They  may  be  diluted  with  white  on  the  one  hand,  forming  tints ;  or 
with  black,  forming  shaden. 

Mayer^s  triangle  may  be  repeated  with  these  modifications ;  but  as 
the  color  tends  to  extinction,  either  in  the  direction  of  perfect  blackness 
or  perfect  whiteness,  the  number  of  compartments  in  the  triangles  may 
be  diminished  as  the  dilution  of  the  colors  increases.  Thus,  the  whole 
may  be  formed  into  a  double  pyramid  of  color,  converging  to  white 
above  and  to  black  below. 

The  author  has  been  much  indebted  to  Mr.  D.  R.  Hay,  the  ingenious 
author  of  the  "  Nomenclature  of  Colors,"  and  other  works,  not  only 
for  specimens  of  colored  papers  formed  by  the  actual  mixture  of  the 
three  primary  colors,  but  also  for  many  valuable  suggestions,  of  which, 
in  the  course  of  this  paper,  he  has  freely  availed  himself. 

It  is  the  author^s  wish  to  be  able  to  obtain  a  series  of  colored  enamels 
complete,  according  to  Mayer^s  and  Lambert^s  classification.  Some  he 
has  already  obtained  from  the  Vatican -Ck)! lection,  (of  which  he  gives  a 
short  dnscription,)  and  he  liopes  to  render  it  more  complete. 

4.  New  Process  for  extracting  Sugar  from  the  Sugar-cane ;  by  M. 
Mklsbns,  (Phil.  Mag.,  xxxvi,  62,  from  Gard.  Chron.,  Dec.  15,  1849.) 
— ^The  following  account  of  the  new  and  important  method  of  extract* 
lag  sugar  from  the  sugar-cane,  is  abridged  from  the  first  of  two  long 
articles  recently  published  in  the  Courier  de  P Europe. 

The  great  difficulty  which  has  been  experienced  up  to  the  present 
tinae  in  the  preparation  of  sugar,  has  been  owing  to  the  rapidity  with 
which,  when  dissolved  in  water,  it  alters  by  exposure  to  the  air  in  hot 
clunatea.   It  moat,  however,  be  obvious,  since  the  cells  of  the  sugar-cane 
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are  themsehret  fuU  of  sugar  dissolred  in  water,  and  thie  aolutioQ  can  be 
kept  for  a  long  time  in  them,  without  undergoing  any  aheratioo  at  all, 
that  if  the  same  conditions  which  exist  in  nature  could  only  beoblaioed 
in  practice,  there  is  no  reason  why  an  artificial  solution  of  sugar  may 
not  be  kept  unaltered  for  a  considerable  space  of  time ;  or  in  other 
words,  why  water  should  not  be  used  for  the  purpose  of  dissolving  the 
sugar  out  of  the  crude  juice  expressed  from  tlie  cane. 

The  difficulties,  indeed,  are  not  owing  to  the  sugar  or  to  the  water, 
but  to  the  air,  and  the  ferments  produced  by  its  action  on  the  crude  sap 
of  the  sugar-cane.  The  object  of  M.  Melsens  was  then,  to  exclude  the 
air  from  the  sap  when  extracted  from  the  case,  and  to  prevent  tbe  forma- 
tion of  any  ferments  which  might  change  the  character  of  the  saccha- 
rine matter.  This  he  has  succeeded  in  doing  by  availing  himself  of 
the  weiUknown  affinity  of  sulphurous  acid  for  oxygen  gas.  Sulphurous 
acid,  however,  alone  was  found  not  to  answer  the  purpose  ;  the  sulphu- 
ric acid,  produced  by  the  absorption  of  oxygen  by  sulphurous  acid, 
acting  on  the  sugar,  converts  it  into  grape-sugar.  This  difficulty  has 
been  overcome  by  using  sulphurous  acid  combined  with  a  powerful 
base,  which,  as  the  sulphurous  acid  is  converted  into  sulphuric  acid, 
combines  with  the  latter  and  forms  an  insoluble  salt. 

The  acid  sulphites,  and  more  especially  the  bisulphite  of  lime,  were 
employed  by  M.  Melsens  for  the  double  purpose  of  preventing  ferment- 
ation by  the  action  of  the  sulphurous  acid,  and  of  neutralizing  the  sul- 
phuric acid  as  fast  as  it  formed  by  means  of  the  lime. 

Suffar-candy  dissolved  in  cold  water  containing  bisulphite  of  lime,  * 
even  m  excess,  crystallized  entirely,  and  without  undergoing  any  change, 
by  spontaneous  evaporation,  at  a  low  temperature.  Several  other  exper- 
iments of  the  same  nature,  but  differing  in  their  details,  always  gave  the 
same  result ;  in  each  the  sugar  crystallized  out  by  spontaneous  evapo- 
ration, without  any  loss  either  in  quantity  or  in  quality,  and  without  any 
appearance  of  molasses.  In  these  experiments,  the  sugar  dissolved  in 
water,  containing  bisulphite  of  lime  in  excess,  was  boiled,  and  then  left 
to  evaporate,  sometimes  af\er  being  filtered,  sometimes  without  any  fil- 
tration at  all. 

From  the  experiments  which  M.  Melsens  has  made  with  bisulphite  of 
lime,  it  is  probable  that  if  a  cold  solution  of  this  salt  were  to  be  poured 
on  the  sugar-cane  grinder,  so  as  to  mix  with  the  juice  the  moment 
it  is  expressed  from  the  cane,  the  sugar  might  be  kept  for  some  time,  and 
might  be  exposed  to  the  heat  necessary  for  its  clarification  without  any 
sensible  loss  or  deterioration. 

But  this  same  salt  also  possesses  the  property  of  coagulating,  at  a 
temperature  of  212^,  milk,  white  of  egg,  blood,  and  yolk  of  egg  mixed 
with  water.  At  a  temperature  of  212*^,  bisulphite  of  lime  acts  as  a  dar- 
ifier.  It  separates  the  albumen,  caseine,  and  other  similar  asotized 
matters  which  are  found  in  the  sugar-cane.  This  separation  is  efilecled 
without  appreciable  loss  in  the  quantity,  or  deterioration  in  tbe  qaality 
of  the  sugar. 

Bisulphite  of  lime,  moreover,  rapidly  and  tolerably  efi^tually  bleach- 
es the  colored  substances  found  in  the  sugar-cane ;  it  prevents  the  for- 
mation of  other  colored  matters  produced  by  the  action  of  air  on  the  pulp 
of  the  cane ;  it  also  stops  the  production  of  those  which  are  foroied 
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during  eymporatioii,  and  abore  all,  of  those  which  require  for  dieir  de* 
Telopraent  the  joiot  action  of  air  and  a  free  alkali. 

It  seems  that  colored  substances  which,  under  ordinary  circumstan* 
ess,  are  formed  spontaneously  by  the  exposure  of  the  pulp  of  the  sugar- 
sue  to  the  air,  neirer  make  their  appearance  when  bisulphite  of  time 
is  employed.  By  evaporating  at  a  low  temperature,  bisulphite  of  lime 
mixed  with — 1,  a  common  solution  of  sugar;  2,  the  crude  sap  of  the 
•sgBirKsane ;  3,  the  juice  of  beet- root ;  no  coloration  was  produced.  By 
•B  evaporation  of  the  same  substances  at  a  high  temperature,  the  colore- 
tioo  was  scarcely  visible ;  indeed,  with  red  beet-root  the  color  was  com* 
pletely  destroyed,  and  the  sugar  obtained  was  perfectly  'white. 

h  seeme,  then^  that  bisulphite  of  lime  can  be  employed  in  the  extrac> 
tioD  of  sugar : — 1st,  as  an  antiseptic,  preventing  the  production  and  ac« 
tioo  of  any  ferment ;  2nd,  as  a  substance  greedy  of  oxygen,  opposing 
tay  alteration  that  might  be  caused  by  its  action  on  the  juice ;  Srd,  as 
adarifier,  coagulating  at  a  temperature  of  212°  all  albuminous  and 
other  coagulable  matters ;  4th,  as  a  body  bleaching  all  pre-existing  col« 
ored  products ;  5th,  as  a  body  opposing  itself  in  a  very  high  degree  to 
the  formation  of  colored  substances ;  6lhy  as  a  base  capable  of  neutral- 
izing any  hurtful  acids  which  might  exist  or  be  formed  in  the  juice, 
and  substituting  in  their  place  a  weak  inactive  acid,  namely,  sulphur- 
ous acid. 

M.  Melsens  is  of  opinion  that  sugar  can  be  obtained  from  the  sugar- 
esne  with  no  other  source  of  heat  than  a  tropical  sun,  excepting  only 
for  the  purpose  of  clarification ;  indeed,  the  bisulphite  of  lime  prevents 
the  crude  juice  of  the  cane,  or  the  syrup  obtained  therefrom,  from  un- 
^fgoing  any  changes ;  great  rapidity  in  the  process  of  crystallization, 
iodispensable  at  present,  becomes  by  using  this  salt  unnecessary  ;  and 
Bore  than  this,  the  quantity  of  sugar  which  is  now  lost  in  the  bagasse,  in 
consequence  of  the  impossibility  of  washing  it  out  unchanged,  can  be  all 
colleeied  by  being  dissolved  in  water  charged  with  bisulphite  of  lime. 

The  only  objection  that  can  be  made  to  the  above  process  is,  that  the 
ngar  obtained  by  means  of  bisulphite  of  lime  has  a  sulphurous  taste ; 
this  is  true,  but  the  taste  is  completely  lost — 1st,  by  crushing  the  sugar 
•od  exposing  it  to  the  air,  whereby  the  little  sulphite  of  lime  which 
there  may  be  is  converted  into  a  tasteless  sulphate ;  2nd,  by  exposing 
the  sugar  to  an  atmosphere  iM>ntaining  ammonia ;  if  this  is  done  the 
sagar  acquires  a  very  agreeable  flavor  of  vanilla,  but  is  apt  to  become 
t  liule  discolored ;  8rd,  by  clarifying  it  until  it  loses  ten  per  cent,  of  its 
weight;  by  this  process  a  pure  white  sugar  can  be  obtained,  which  will 
hear  comparison  with  any  sample  produced  at  present.  The  last  is  the 
process  recommended  to  be  used  on  a  large  scale.  The  quantity  of 
•agar  fit  for  the  market  which  can  be  obtained  from  the  sugar-cane  by 
adopting  bisulphite  of  lime,  as  above  recommended,  is  at  least  double 
that  obtained  by  the  usual  processes. 

In  consequence  of  M.  Melsens  having  made  all  his  experiments  on 
the  sugar-cane  at  Paris,  and  therefore  on  a  small  scale,  he  is  not  able 
to  state  how  bisulphite  of  lime  can  best  be  used  in  the  large  colonial 
togar  manu&ctories,  but  is  compelled  to  leave  the  application  of  the 
principles  on  which  his  method  depends  to  the  intelligence  of  the  man- 
ofoctureit  themselves. 
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Id  the  preparation  of  beet-root  wigar  biaolphite  of  lime  is  quite  sm 
craeful  as  in  the  extraction  of  cane-sugar;  the  way  in  which  it  is  to  be 
employed  in  the  former  is  fully  explained  in  the  second  article  publish- 
ed in  the  507ih  number  of  the  Courier  de  V  Europe,  to  which  we  roust 
refer  those  among  our  readers  who  desire  any  further  iDformatioD  ob 
the  subject. 

5.  Anniversary  of  the  Royal  Society  of  London, — On  St.  Andrew^s 
Day,  30th  of  November,  the  anniversary  of  this  Society  was  held  at 
Somerset  House,  the  Earl  of  Rosse,  President,  in  the  chair.  Ad  able 
review  of  the  progress  of  astronon»ical  and  physical  science  was  de- 
livered  by  the  President,  the  obituaries  of  deceased  fellows  read,  and 
the  three  honorary  rewards  in  the  gift  of  the  Society  were  publicly  be- 
stowed. The  Copley  Medal  to  Sir  Roderick  Murchison  for  his  masterly 
works  on  the  Silurian  System  and  Geology  of  Rtissia ;  one  of  the 
Royal  Medals  to  Col.  Sabine  for  his  valuable  magnetic  oboervattons ; 
and  the  other  Royal  Medal  to  Dr.  Mantell,  for  the  important  services 
rendered  to  geology  by  his  various  memoirs  on  the  Iguanodon,  ^cc., 
published  in  the  Philosophical  Transactions.  We  have  great  pleasure 
in  observing  that  the  two  Vice  Presidents  of  the  Greological  Society  of 
London,  received  this  most  honorable  reward  the  scientific  EnglishmaD 
can  attain,  at  the  same  time ;  the  one  for  his  eminence  as  a  Geologist, 
and  the  other  as  a  Paleontologist:  both  Sir  G.  Murchison  and  Dr.  Man- 
tell  were  also  elected  into  the  new  council  of  the  Royal  Society. 

6.  Ray  Society,  (Athen.,  No.  1142.) — The  Sixth  Anniversary  of  the 
Ray  Society  was  held  during  the  meeting  of  the  British  Association,  at 
Birmingham.  From  the  Report  of  the  Council  it  a|>pears  that  the  So- 
ciety keeps  up  the  number  of  its  members.  During  the  past  year 
this  body  published  a  fourth  part  of  the  great  work  of  Alder  and  Han- 
cock on  the  Nudibranchiate  Molluscs,  a  volume  of  the  Correspondence 
of  Ray,  and  the  first  volume  of  a  complete  Zoological  Bibliography, 
by  Prof.  Agassiz,  assistc^l  by  Mr.  H.  £.  Strickland.  For  the  present 
year  a  volume  of  Reports  and  Papers  on  Botany  is  already  published  ; 
and  two  illustrated  works  are  in  a  state  of  great  forwardness :  the  first, 
a  Monograph  on  the  British  Bntomostracous  Crustacea,  by  Dr.  Baird 
of  the  British  Museum ;  the  second,  a  Memoir  on  the  British  Fresh- 
water Zoophytes,  by  Prof.  All  man,  of  Dublin. 

7.  Zoological  Gardens,  London,  (Athen.)-— The  total  number  of  an- 
imals in  the  Zoological  Gardens  is  1352,  of  which  354  are  mammalia, 
653  birds,  145  reptiles.  Sixty-five  species  were  added  during  the  past 
year.  The  total  number  of  visitors  for  the  year  1849  was  168,895, 
which  is  25,265  more  than  in  1848,  and  75,349  above  the  number 
io  1847. 

8.  Mastodon  angustidens. — A  nearly  perfect  specimen  of  this  mas- 
todoo  has  been  found  about  six  leagues  from  Turin,  in  a  bed  of  plastic 
clay  containing  fresh  water  shells  and  covered  with  sand.  The  skele- 
ton is  preserved  in  the  Roval  Museum  at  Turin  and  is  one  of  the  most 
perfect  hitherto  found  in  Europe. 

9.  Development  of  Electricity  by  Muscular  Con/racltoii.-— The  ex-  - 
periments  of  Du  Bois  Reymond  have  been  repeated  by  Prof.  Buff  of 
Giessen  with  apparent  success.    In  one  trial,  sixteen  persons  held  each 
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other  by  moistened  hands,  and  on  all  contracting  sidultdneouslj  by  the 
right,  or  the  <eft  arm,  they  formed  as  It  were,  a  circuit  of  increased  elec- 
tromotive power.  The  effect  on  the  needle  was  evident,  and  it  was  op- 
posite according  as  the  right  or  left  arm  was  contracted  :  the  direction 
of  the  current  was  always  from  the  hand  to  the  shoulder.  It  is  essential 
that  the  muscular  contraction  should  be  increased  or  at  least  continued 
ootil  the  needle  begins  to  return  and  then  suddenly  discontinued.  The 
greatest  deflection  amounted  to  ten  or  twelve  degreeis. 

10.  Influence  of  horacic  acid  in  Vitrification ^  (Comptes  Rend.,  Oct 
22,  1849;  Phil.  Mag.,  Dec,  1849.)— MM.  Maes  and  Glemandot  have 
studied  the  effect  of  boracic  acid  in  the  manufacture  of  glass,  and  con- 
clude ihat  before  long  this  material  will  be  considered  essential  to 
the  best  glass  for  optical  purposes.  They  have  formed  the  glasses 
consisting  of  the  borosilicate  of  potash  and  lime — of  potash  and  zinc — 
of  potash  and  barytes — of  soda  and  zinc.  These  bdrosilicales  are  re- 
markable for  their  transparency  and  hardneae. 

OBITUAJIY. 

11.  Db.  Martin  Gat,  (in  a  letter  to  the  Senior  editor  from  Dr.  C.  T. 
Jackson,  dated  Boston,  January  17th,  1850.) — It  becomes  my  painful 
duty  to  announce  to  you  the  death  of  our  much  beloved  friend.  Dr. 
Martin  Gat,  who  died  of  peritonitis  on  the  12th  inst.,  at  1^  o'clock,  p.m. 

Dr.  Gay  was  the  eldest  son  of  the  late  Hon.  Ebenezer  Gay,  and  was 
born  in  Boston  on  the  16th  February,  1803,  and  at  the  time  of  his  de- 
eeaae  his  age  was  46  years,  10  months  and  26  days. 

He  was  educated  at  Harvard  University.  On  leaving  that  Institu- 
tion, he  prosecuted  his  professional  studies  under  the  instruction  of  Dr. 
Oeorge  C.  Shattuck,  an  eminent  practitioner  in  this  city,  and  was  grad- 
uated Doctor  in  Medicine  on  the  25th  of  August,  1826. 

He  was  elected  a  Fellow  of  the  American  Academy  of  Arts  and 
Sciences  on  the  14th  of  November*,  1888. 

In  August,  1841,  he  received  the  degree  of  Master  of  Arts  firom 
Harvard  University. 

He  was  one  of  the  original  members  of  the  Boston  Society  of  Natural 
History,  and  filled  successively  the  oiikes  of  Curator  in  Mineralogy 
and  of  Recording  Secretary  for  several  years. 

In  October,  1844,  he  was  married  to  Miss  Eleanor  Allen,  daughter 
of  Frederic  Allen,  Esq.f  of  Gardiner,  Maine. 

Dr.  Gay  was  a  successful  practitioner  of  medicine,  and  occupied  his 
leisure  hours  in  chemical  researches,  and  in  the  cultivation  of  the 
science  of  mineralogy.  In  analytic  chemistry,  especially  in  the  de- 
partment of  medico-legal  enquiry,  he  was  regarded  as  one  of  our  most 
faithful  and  oceurate  chemists. 

His  testimony  in  cases  involving  medico-chemical  questions,  was 
most  implicitly  relied  upon  in  our  courts  of  justice,  and  he  was  remark- 
able for  the  perspicuity  and  fairness  of  his  evidence. 

Devoted  to  the  cultivation  of  science,  he  lost  no  opportunity  for  im- 
. proving  himself,  and  during  his  travels  in  Europe  in  1842,  he  collected 
much  valuable  information  and  made  the  acquaintance  of  many  dis- 
tinguished chemists,  mineralogists  and  geologists  in  France,  Germany 
and  Italy. 
8icx»f7»  SiBiii,  Vol  DC,  Ko.  26.— Mardi,  1860.  S9 
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Hia  moral  eharacter  was  held  in  the  bighaat  eatimatioa  by  all  who 
koew  him.  It  was  marked  by  integrity,  kindoew,  courtesy,  and  a  high 
tense  of  truth  and  honor. 

His  admiration  of  the  true  and  beautiful  in  sciencOi  literature  and  the 
0ne  arts,  was  a  distinguishing  feature  of  his  cultivated  mind.  AUhough 
naturally  very  amiable  and  mild  in  his  manners,  he  was  remarkable 
for  his  moral  courage,  and  base  or  mean  actions  never  failed  to  excite 
his  indignation.  Independent  in  his  character,  and  relying  on  his  own 
acute  perceptions  of  truth,  he  cared  little  for  the  authority  of  others, 
when  he  was  satisfied  that  they  were  io  error. 

As  a  physician  he  was  beloved  and  respected  by  all  who  knew  him, 
and  his  nice  sense  of  professional  honor,  and  his  sincere  regard  for  the 
rights  of  others,  was  well  known  and  appreciated  among  his  medical 
brethren.  Our  scientific  friend  is  removed  from  among  us,  but  be  has 
leA  us  a  bright  example  in  his  pure  and  imspotted  life,  and  in  hia  noble 
devotion  to  the  cause  of  science  and  of  truth. 

v.  Bibliography. 

1.  Report  of  a  Geological  Reeonnowance  qf  the  Chipptwm  Lami 
District  of  WisconsiM^  and^  inddenially^  of  a  portion  of  the  Kickapoe 
Country^  and  cf  a  part  of  lotoa  and  of  the  Minesota  Territory^  nnde 
under  instructions  from  the  United  States  Treasury  Department ;  by 
David  Dale  Owbn,  M.D.,  U,  S.  Geologist  for  Wisconsin.  134  pp. 
6vo,  with  numerous  lithographs  and  geobgical  seGtioQS.-^This  valua** 
ble  document  is  occupied  by  the  Reports  of  Dr.  Owen,  and  his  assistant, 
Mr.  J.  G.  Norwood.  The  two  regions  particularly  examined  were  6rat, 
along  the  Mississippi ;  and  second,  the  interior  and  Lake  Superior  dis- 
tricts. The  results,  though  only  preliminary  to  a  complete  survey,  are 
of  great  interest,  both  geologically  and  economically,  as  is  true  of  what- 
ever  comes  from  the  distinguished  geologist  whose  name  appears  at  the 
bead  of  the  survey.  The  illustrations  of  rock  scenery,  from  Dr.  Owen's 
sketches,  are  full  of  life  and  character.     We  cite  the  following  facts. 

Tl>e  Kickapoo  mines  are  situated  between  the  Mississippi  and  Kicka- 
poo  and  are  connected  with  a  magnesiao  limestone  of  the  same  charao* 
ter  with  that  of  the  Mineral  Point  district.  The  ore  is  a  peculiar  one. 
It  is  of  a  light  green,  color,  waxy  lustre  and  fracture,  and  very  brittle, 
and  is  disseminated  through  ferruginous  earthy  nMtter  composed  chiefly 
of  brown  oxyd  of  iron.  An  analysis  afforded  protoxyd  of  copper  25*0, 
insoluble  silicates  with  a  trace  of  oxyd  of  iron  6*3,  carbonic  acid  &-0, 
water  U'2,  peroxyd  of  iron  487,  protoxyd  of  manganese  0  2,  alumina 
0*6,  carbonate  of  lime  0*8=99'8.  The  position  of  the  ore  and  rock 
indicates  that  it  was  once  enclosed  in  a  fissure  in  the  magnesian  Hone- 
Stone;  but  by  decaying  and  denuding  influences,  the  wall  on  one  aide 
has  been  removed.  The  ore  is  easily  reduced  and  yields  about  tweoty 
per  cent,  of  copper. 

With  regard  to  the  physical  features  of  the  country  of  the  Lower 
Magnesian  Limestone,  Dr.  Owen  observes : — ^^^  The  constant  theme  of 
remark,  whilst  travelling  in  the  region  of  the  upper  Mississippi  occu- 
pied by  the  lower  magnesian  limestone,  was  the  picturesque  character 
of  the  landscape,  and  especially  the  striking  similarity  which  the  rock 
exposure  presents  to  that  of  ruined  structures.. 
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**  The  flceneiy  on  the  Rhine,  with  its  oastellated  heights,  has  hdea 
the  frequent  theme  of  remark  and  admiration  by  European  travelters. 
Yet  it  is  doubtful  whether  it  is  not  equalled  in  actual  beauty  of  laRd«> 
seape,  by  ttiat  of  some  of  the  streams  that  water  this  region  of  the  far 
west.  It  is  certain  that  though  the  rook  formations  essentially  differ, 
oainre  has  here  fashioned,  on  an  extensive  scale,  and  in  advance  of  all 
civilization,  remarkable  and  curious  counterparts  to  the  artificial  land^ 
scape  which  has  given  celebrity  to  that  part  of  tlie  European  continent. 

**"  The  features  of  the  scenery  are  not,  indeed,  of  the  loftiest  and  most 
impressive  character.  There  are  no  elevated  peaks,  rising  in  majestic 
grandeur;  no  mountain  torrents,  shrouded  in  foam  and  chafing  in  their 
Tocky  channels;  no  deep  and  narrow  valleys  hemnoed  in  on  every  side 
and  fornoiog,  as  it  were,  a  little  world  of  their  own ;  no  narrow  and  pre« 
eipitous  passes,  winding  through  circuitous  defiles;  no  cavernous  gor^ 
ges  giving  exit  to  pent  up  waters ;  no  contorted  and  twisted  strata, 
affording  evidence  of  gigantic  uplift  and  violent  throes.  But  the  fea« 
tures  of  the  scene,  though  less  grand  and  bold  than  those  of  mountain* 
ous  regions,  are  yet  impressive  and  strongly  narked.  We  find  the 
luxuriant  sward,  clothing  the  hill  slope  even  down  to  the  water^s  edge. 
We  have  the  steep  cliflT  shooting  up  through  it,  in  mural  escarpments. 
We  have  the  stream,  clear  as  crystal,  now  quiet  and  smooth  and  glassy, 
then  ruffled  by  a  temporary  rapid,  or  when  a  terrace  of  rock  abruptly 
crosses  it,  broken  up  into  a  small  romantic  cascade.  We  have  clumps 
of  trees,  disposed  with  an  efi^t  that  might  baffle  the  landscape  gard* 
eoer,  now  crowning  the  gnwsy  height,  now  dotting  the  green  slope  with 
partial  and  isolated  shade.  From  the  hiil  tops  the  intervening  valleys 
wear  the  aspect  of  cultivated  meadows  and  rich  pasture  grounds,  \rr\* 
gated  by  frequent  rivulets  that  wend  their  way  through  fields  of  wild 
hay,  fringed  with  flourishing  willows.  Here  and  there  occupying  its 
dook,  on  the  bank  of  the  stream,  at  some  favorable  spot,  occurs  the  sol- 
itary wigwam,  with  its  scanty  appurtenances.  On  the  summit  levels 
spreads  the  wide  prairie,  decked  with  flowers  of  the  gayest  hue ;  its 
long  undulating  waves  stretching  away  tiil  sky  and  meadow  mingle  in 
the  distant  horizon.  The  whole  combination  suggests  the  idea,  not  of 
an  aboriginal  wilderness,  inhabited  by  savage  tribes,  but  of  a  country 
lately  under  a  high  state  of  cultivation  and  suddenly  deserted  by  its  in* 
habhants ;  their  dwellings  indeed  gone,  but  the  castle-homes  of  their 
chieftains  only  partially  destroyed,  and  showing,  in  ruins,  on  the  rocky 
summits  around.  This  latter  feature  especially  aids  the  delusion ;  for 
the  peculiar  aspect  of  the  exposed  limestone  and  its  manner  of  weath« 
ering  cause  h  to  assume  a  resemblance  somewhat  fantastic  indeed,  but 
yet  wonderfully  close  and  faithful,  to  the  dilapidated  wall,  with  its  crown- 
ing parapet  and  its  projecting  butresses  and  its  flanking  towers,  and 
even  the  lesser  detail  that  mark  the  fortress  of  olden  time. 

^  Boki  exposures  of  rock,  with  a  grassy  bank  beneath,  such  as  are 
represented  by  the  sketches,  are,  for  the  most  part,  only  on  the  south 
and  western  sides  of  the  hilts ;  the  northern  and  eastern  declivities 
are  more  rounded  and  most  generally  overgrown  with  trees  and 
shrubbery." 

2.  The  races  of  Man  and  their  Geographical  Dislribufion ;  by 
Cbaxus  Picxninot  M.D.,  of  the  Scieetiflc  Corps  of  the  Exploring 
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ExpeditioQ  under  C.  Wilkes,  U.S.N.,  Commander ;  forming  Tolume  IX. 
of  the  Reports  of  the  Expediiioo.  450  pp.  4u>. — TItis  volume  is  the 
result  of  a  vast  amount  of  research  by  one  peculiarly  well  fitted  for 
observation  by  his  habitual  accuracy  and  bis  experience  as  a  Naturalist. 
Dr.  Pickering,  af\er  four  years  exploration  in  the  Expedition  around  the 
world,  made  a  journey  to  Egypt,  Persia  and  Hindoostan  to  complete 
his  ol^ervations.  The  range  of  the  work  will  be  gathered  from  the 
subjects  of  the  chapters  which  we  here  mention.  1.  On  the  Races  of 
Man;  2.  Explanation  of  the  Map,  illustrating  their  distribution  ;  3.  the 
Races  of  America ;  4.  the  Malayan  Race,  including  the  PolyoesiaD ; 
5.  the  Australian  Race;  6.  the  Papuan,  including  theFeejees;  7.  the 
Negrillo  Race  of  the  East  indies.  New  Hebrides,^. ;  8.  the  Telingaa 
or  Indian  Race  in  Hindoostan,  &c. ;  9.  the  Negro  Race,  Africa  ;  10. 
the  Ethiopian  Race,  Nubia,  &c. ;  11.  the  Hottentot  Race;  12.  the 
Abyssinian  Race  ;  13.  the  White  or  Arabian  Race ;  14.  the  Aasocia- 
tions  of  the  Races  and  Numerical  Proportions ;  15.  Relations  between 
the  Races;  16.  The  Geographical  Progress  of  Knowledge;  17,  18. 
Migrations  by  sea  and  by  hind ;  19.  Origin  of  Agriculture  ;  20.  Zoolog- 
ical deductions;  21  to  24.  Introduced  Animals  and  Plants  of  America — 
of  the  Islands  of  the  Pacific— of  Equatorial  Africa — of  Southern  Arabia ; 
25.  Antiquities  and  introduced  Plants  and  Animals  of  Hindoostan  ;  26. 
Introduced  Plants  and  Animals  of  Egypt,  enumerated  in  chronological 
order. — Dr.  Pickering^s  extensive  knowledge  of  botany  and  zooU^y 
has  enabled  him  to  collect  together  a  vast  amount  of  information  in 
these  closing  chapters,  and  to  correct  or  elucidate  the  meaning  of  many 
of  the  names  of  plants  and  animals  in  Greek  and  Arabic,  which  are 
often  mistranslated  in  our  Lexicons,  and  which  in  some  cases  were  mis* 
understood  by  the  translators  of  the  Bible. 

3.  Elements  of  NcUural  Pkilogophy^  designed  as  a  Text- Book  for 
Academies,  High  Schools  and  Colleges ;  by  Alonzo  Gray,  A.M.,  Prof. 
Chem.  and  Nat.  Phil,  in  the  Brooklyn  Female  Academy,  and  Author  of 
Elements  of  Chemistry,  d«^.  406  pp.  12mo,  with  360  wood-cuts. 
New  York.  Harper  &  Brothers.  1850. — ^The  author  of  the  work  be* 
fore  us  has  prepared  a  very  convenient  and  well  arranged  work  on  the 
dififerent  departments  of  Natural  Philosophy.  He  has  condensed  a 
widely  extended  subject  into  a  small  compass  well  fitted  for  the  stu- 
dent. The  work  commences  with  the  general  properties  of  matter, 
and  the  forces  which  govern  it,  and  then  passes  to  the  subject  of  motion, 
the  mechanical  powers,  hydrodynamics,  pneumatics  including  meteor* 
ology,  sound,  heat,  steam,  electricity,  galvanism,  magnetism  and  light 
or  optics.  Galvanism  is  here  in  its  right  place  with  other  branches  of 
physics. 

4.  Sailing  Directions;  by  Lieut.  M.  F.  Maury,  U.S.N.,  National 
Observatory,  Washington,  published  by  authority  of  Commodore  Lewis 
Warrington,  Chief  of  the  Bureau  of  Ordnance  and  Hydrography.  20 
pp.  4to.  Washington.  1850. — Lieut.  Maury  in  this  paper  has  made 
out  a  series  of  directions  for  navigating  the  dififerent  oceans,  especially 
with  regard  to  selecting  the  route  for  sailing.  There  are  severed  tables 
containing  specific  information  on  this  point  for  difierent  latitudes  and 
longitudes.  These  tables  relate  particularly  to  the  route  from  New 
York  to  clear  St.  Boque,  Brazil,  and  also  to  (he  routes  to  Europe  and 
the  return. 
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5.  The  Plough^  the  Loom  and  the  Anvil ;  T.  S.  SKmifBK,  Editor. — 
This  moothly  periodical  of  practical  and  economical  science,  conies  to 
08  full  of  information  and  ably  digested  articles,  original  and  selected. 
The  first  article  in  the  January  number  before  us,  treats  of  the  Har- 
mooy  of  Interests,  Agricultural,  Manufacturing  and  Commercial,  in  tbe 
United  States,  and  is  by  H.  C.  Carey.  It  surveys  tbe  products  of  the 
country  in  these  different  departments  with  much  valuable  statistical 
detail,  stating  in  tables  the  productions  for  successive  years,  of  iron,  coal, 
lead,  woollens,  &c.,  ^c,  and  also  illustrating  the  same  by  means  of 
diagrams ;  and  exhibiting  a  wide  comprehension  of  the  interests  of  the 
country  in  its  various  economical  departments.  Cotton  Mills  by  Cotton 
Growers,  Irish  Peat,  Charcoal  and  Sanitary  Reform,  are  the  subjects 
of  other  papers ;  and  besides  these,  there  are  many  shorter  articles  of 
practical  value  to  the  farmer  and  mechanic. 

6.  Iconographic  Encydopadia  of  Science^  Literature  and  Art;  by 
G.  Heck,  translated  and  edited  by  Prof.  Spencer  F.  Baird. — Rudolph 
Garrigue,  New  York. — The  plates  of  Part  V.  of  this  Encyclopaedia, 
the  last  which  has  reached  us,  are  devoted  to  illustrations  of  the  de* 
partments  of  Reptiles  and  Birds.  The  sketches  are  forcible  and  char- 
acteristic, illustrating  the  habits  and  haunts  of  the  animals  as  well  as 
their  forms. 

7.  Fosler'^s  Geological  Chart. — It  has  been  represented  to  us  that 
the  Geological  Chart  noticed  in  our  last  number  had  not  been  finished,  • 
—although  the  copy  received  was  varnished  and  mounted  in  the  usual 
finished  style ;  and  that  therefore  it  was  not  a  fair  subject  for  criticism. 
A  revised  copy,  as  now  ready  for  publication,  having  the  signatures  of 
Professors  E.  Emmons  and  W.  W.  Mather  has  been  shown  us  by  the 
author.  It  has  undergone  important  changes,  though  not  all  we  should 
wish  to  see  made.  Figures  of  American  fossils  have  been  substituted 
to  a  considerable  extent  for  foreign ;  misplaced  fossils  in  the  formations 
and  the  succession  of  rocks  have  been  set  right,  and  the  names  of  the 
New  York  series  of  Rocks  have  been  introduced,-— together  with  the 
Taamic  formation  of  Professor  Emmons. 

8.  The  Annual  of  Scientific  Discovery^  or  Year  Book  of  Facts  io 
Science  and  Art,  edited  by  David  A.  Wells,  of  the  Lawrence  Scien- 
tific School,  Cambridge,  and  George  Bliss,  Jr. — We  would  call  atten- 
tion to  the  notice  of  this  work  on  our  advertising  sheet.  It  is  to  be 
issued  in  the.  month  of  March,  in  a  duodecimo  volume  of  350  pages. 
The  Prospectus  which  has  been  sent  us,  bears  high  testimonials  from 
Professors  Agassiz,  Horsford,  Wyman  and  Gould,  of  Cambridge. 

Aga8iiz*s  Lake  Superior^  is  also  soon  to  be  issued,  from  the  same 
house  in  Boston,  and  we  doubt  not  it  will  be  sought  for  with  avidity. 
Tbe  high  importance  of  the  work,  the  peculiar  interest  of  the  region, 
and  the  eminent  attainments  of  the  author,  must  give  these  results  of 
Prof.  Agassiz  and  his  able  coadjutors  a  wide  distribution  over  both  this 
country  and  Europe. 

9.  The  Astronomical  Journal^  Cambridge. — Nos.  3  and  4,  for  Janu- 
ary 7,  and  February  2,  1850,  contain — Observations  of  Metis,  by  Mr. 
James  Ferguson. — Observations  of  Metis,  made  at  the  Hamburg  Ob- 
servatory, by  Prof.  Charles  Rumker. — On  the  Phenomena  attending 
tbe  disappeantnee  of  the  Rings  of  Saturn,  by  O.  P.  BoHd.^~On  the 
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Heliocentric  place  of  Neptane,  by  George  W.  Coakiay. — Note  on 
the  parallelogram  of  Forces,  by  Prof,  Peirce. — On  the  orbit  of  the 
Great  Comet  of  1843,  by  Prof,  J,  S.  Hubbard^  (continued).— Devel- 
opment of  the  Perturbative  Function  of  Planetary  Motion,  by  Prof. 
B.  Peirce, 

10.  Journal  of  the  Academy  of  Natural  Sciences  of  Philadelphia,^ 
Part  IV,  which  is  just  issued,  completes  the  Ist  volume  of  the  new 
aeries  in  4to,  (pp.  356.)     We  give  here  the  contents  of  the  volume. 

Part  I.  Dec.  1847. — 1.  Robert  W.  Gibbbs,  M.D.,  on  the  fossil  ge- 
nus Basilosaurus,  Harlan,  (Zeuglodon,  Owen,)  with  a  notice  of  speci- 
mens from  the  Eocene  Green  Sand  of  South  Carolina. 

2.  M.  TnoMEY,  State  Geologist  of  South  Carolina. — Notice  of  the 
discovery  of  a  Cranium  of  the  Zeuglodon,  (Basilosaurus.) 

3.  RicHABD  Owen,  Esq.,  F.R.S. — Observations  on  certain  fossil 
bones  from  the  collection  of  the  Academy  of  Natural  Sciences  of 
Philadelphia. 

4.  John  Cassin. — Description  of  a  new  rapacious  Bird  in  the  Museum 
of  the  Academy  of  Natural  Sciences  of  Philadelphia. 

5.  WiLLiiM  Gambbl. — Remarks  on  the  Birds  observed  in  Upper 
California,  with  descriptions  of  New  Species. 
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Aw.  XXXI.— 4  brief  Mm<nr  of  the  Inte  Walter  Fotger,  of 
Nantuckei;  by  William  Mitchell. 

AMcme  men  of  genius,  those  who  have  shared  largely  of  natnre's 
pifis,  and  manifested  a  high  order  of  intellect  in  reference  to  those 
inquiries  which  are  hidden  from  ordinary  minds,  the  late  Walter 
Polger  of  Nantucket,  is  entitled  to  a  prominent  rank.  He  was  bora 
in  the  6th  month,  (June,)  1765.  His  father,  also  named  Walter, 
was  among  the  wealthier  class  of  that  day,  and  one  of  the  first 
who  engaged  in  the  manufacture  of  sperm  candles,  since  become 
so  extensively  the  business  of  the  place.  He  was  descended  from 
Peter  Polger,  one  of  the  earlier  settlers  of  the  island,  the  maternal 
grandfather  of  Franklin,  and  the  poet  whose  memory  the  Doctor 
so  fondly  cberislied.  Walter,  senior,  was  mtich  distinguished  in 
early  life  for  mechanical  and  mathematical  talent,  and  at  a  later 
peri«Kl  when  withdrawn  from  business,  though  eclipsed  in  every 
department  by  his  son,  he  was  sure  to  be  found  wherever  any 
mechanical  operation  was  in  progress,  that  involved  novelty  of 
art  or  excellence  of  execution.  On  his  mother's  side  the  subject 
of  this  memoir  was  descended  directly  from  Mary  Starbuck,  a 
matron  of  great  notoriety  in  the  history  of  the  island ;  the  first 
convert  to  the  principles  of  the  society  of  Friends,  and  the  min- 
ister by  whose  influence  so  large  a  portk>n  of  those  isolated  peo- 
ple became  members  of  that  body  of  professing  christians  Of 
this  distinguished  lady,  we  find  an  account  in  the  journal  of  a 
traveling  minister  of  the  society,  who  visited  the  island  in  the 
early  part  of  the  last  century.  '*  There  was,"  says  he,  "  on  the 
island,  one  Nathaniel  Starbuck,  whose  wife  was  a  wise  discreet 
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woman,  well  read  in  scripture  and  not  attached  to  any  sect ;  bat 
in  great  reputation  throughout  the  island  for  knowledge  in  mat- 
ters of  religion,  and  an  oracle  among  them  on  that  account,  inso- 
much that  they  would  not  do  any  thing  without  her  advice  and 
consent  therein." 

Although  his  family  were  numerous,  the  means  of  the  father 
were  quite  adequate  to  furnish  his  son  with  liberal  instruction  ; 
but  education  in  that  day,  was  but  lightly  esteemed  by  the  island- 
ers, a  state  of  things  forming  a  striking  contrast  with  the  agree- 
able circumstances  of  the  present  day,  and  his  youth,  with  the 
exception  of  a  few  weeks  occasionally  spent  in  very  indiflefeot 
schools,  mostly  taught  by  females,  was  suffered  to  pass  away 
without  that  instruction  which,  with  such  materials  to  work 
upon,  would  have  been  of  so  much  value  to  science. 

In  these  schools  he  soon  comprehended  all  that  was  taught, 
and  spent  most  of  his  time  in  alternately  assisting  the  pupils  and 
instructing  the  teachers.  The  first  study,  in  those  branches  in 
which  he  became  distinguished,  to  which  he  directed  his  atten- 
tion, was  that  of  land  surveying,  in  which,  without  the  least  per- 
sonal assistance,  he  became  exceedingly  skillful.  In  the  winter  of 
1782-3,  he  attended  an  evening  school,  in  which  he  studied  nav- 
igation and  gauging,  and  readily  acquainted  himself  with  these 
bmnebes.  Nothing  of  a  mathematical  character  seemed  ever  to 
present  any  difficulty  to  his  mind.  He  mastered  Algebra  and 
Fluxions,  without  assistance,  and  while  in  his  teens  he  read  Eu- 
clid, as  he  would  read  a  narrative,  no  problem  arresting  his  pro- 
gress; and  yet  so  little  did  he  know  of  language,  or  of  any  thii^ 
appertaining  to  it,  that  he  had  reached  the  years  of  manhood,  as 
he  often  confessed,  before  he  knew  the  definition  of  the  word 
grammar.  He  afterwards  accidentally  met  with  an  old  vokunt 
of  La  Lande's  large  astronomical  work,  in  the  hands  of  a  cast- 
away sailor  and  purchased  it,  and  to  enable  him  to  read  it,  be  stud- 
ied the  French  language,  and  with  it  the  English,  and  was  there- 
fore able  to  read  the  French  authors  with  ease.  From  this  tioM 
be  applied  himself  with  great  assiduity  to  the  principal  depart- 
ments of  physical  science.  As  a  practical  mechanic  and  optician, 
he  had  few  superiors,  and  in  his  own  town  certainly  no  equal. 
Every  species  of  machinery  on  which  he  placed  his  eye,  he  seem- 
ed at  once  to  comprehend.  During  most  of  the  year  1783,  he 
was  afflicted  with  ill  health,  and  much  of  the  time  confined  to 
his  bed  begging  constantly  for  books,  which  seemed  the  oDiy 
needful  opiate.  There  were  few  books  at  hand  adapted  to  his 
taste ;  but  his  father  finally  succeeded  in  obtaining  for  him  a 
work  on  Navigation,  to  which  for  the  first  time,  was  appended 
Dr.  Maskelyne's  method  of  obtaining  the  longitude  at  sea  by 
means  of  lunar  distances.  This  delighted  him,  and  at  the  age  of 
aighleen,  prostrated  with  sickness,  he  familiarized  himself  with 
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th«  problem,  and  the  engagement  so  diverted  his  mind  from  his 
infirmities  that  be  speedily  regained  his  strength.  He  immedi- 
ately applied  all  his  inAnence  to  the  encouragement  of  the  nse  of 
this  method  among  his  fellow^townsuien,  then  universally  en* 
gaged  in  the  prosecution  of  whaling  voyages.  To  numbers  he 
gave  personal  instruction,  and  the  first  American  ship-master  who 
determined  his  longitude  by  lunar  observations,  is  said  to  have 
been  one  of  his  pupils. 

Soon  after  this  period,  he  busied  his  mind  in  designing  a  clock, 
which,  while  answering  the  ordinary  purposes  of  time-keepings 
should  exhibit  various  phenomena  connected  with  the  solar  ami 
kmar  motions.  Having  completed  the  plan,  he  submitted  it  to 
his  father,  for  whose  judgment  in  mechanics  he  had  the  highest 
regard,  and  receiving  his  sanction,  he  commenced  the  work  at  the 
age  of  twenty-two,  and  devoting  only  his  leisure  amid  other  en- 
gagements, finished  it  in  the  course  of  the  second  year.  Thia 
ekKck  now  stands  in  the  family  parlor  a  monument  of  mechanical 
ingemiity ; — brown  with  age  and  now  somewhat  antiquated  in  its 
appearance,  it  is  still  a  wonder.  Nothing  but  the  glass  which 
covers  its  face,  owes  its  construction  to  another  hand,  and  its  me- 
chanical execution  would  be  creditable  to  a  professed  workman. 
Bnt  its  chief  excellence  is  in  the  phenomena  which  it  exhibits. 
The  diurnal  motion  of  the  sun  is  represented  by  a  circular  metallic 
plate,  so  adjusted  that  it  is  seen  through  a  slit  in  the  dial  piate^ 
at  a  greater  or  less  meridian  ahitnde,  as  the  declination  changes ; 
rising  and  setting  as  in  nature,  and  changing  the  time  in  conform*- 
ity  to  the  latitude,  change  of  declination  and  equation  on  each 
day,  giving  also  through  the  entire  day,  the  time  of  his  rimng 
and  seuing  and  place  in  the  ecliptic.  The  moon  is  represented 
by  a  spherule  exhibited  to  the  eye  in  the  same  manner ;  but  by 
having  one  hemisphere  colored,  and  by  a  process  much  more 
complicated,  shows  with  great  faithAjlness,  not  only  the  rising, 
setting  and  sonthing  of  the  moon,  with  the  time  of  full  sea  at 
Nantncket ;  but  also  the  chief  phenomena  dependent  on  the  obli* 
qnity  of  the  moon's  path  to  the  ecliptic,  and  the  revolution  of 
her  iHxles,  such  as  the  hunter's  and  harvest  moon,  d&c.  Some  of 
these  involve  a  motion  of  the  works  through  a  period  of  eighteen 
years  and  two  hundred  and  twenty-five  days,  and  the  wheel  by 
which  the  di^  of  the  year  is  advertised  is  so  constructed,  that 
its  revolution  is  only  completed  in  one  hundred  years,  though 
necessarily  suspended  ten  years  of  that  period. 

For  the  year  1790,  he  made  the  necessary  caknlations  and 
paUi^ied  an  almanac ;  he  had  prepared  also  the  ephemeris  of 
1791,  with  some  very  curious  calculations  on  the  annular  eclipse 
of  that  year,  the  formation  of  the  ring  ocourring  precisely  at  sun* 

( ;  but  these  he  never  published. 
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In  concert  wiih  seFeml  observers  oo  the  conlineot,  among 
whom  were  Bowditch  and  Jefferson,  he  made  special  preparation, 
to  observe  the  beginning  and  end  of  the  solar  eclipse  of  1806, 
total  in  Boston  and  nearlyr  so  at  Nantucket  The  day  wasclood^ 
less  and  the  results  satisfactory. 

Probably  the  most  valuable  observations  that  he  ever  made 
were  those  on  the  comet  of  1807 — the  first  cornel  he  had  ever 
seen.  On  the  first  appearance  of  this  body,  he  commenced  tak- 
ing a  series  of  angular  distances  to  the  various  fixed  stars  near 
which  it  passed.  Then  angles  were  taken  with  a  sextant,  in  the 
use  of  which  he  was  very  skillful.  Having  been  in  the  habit  for 
many  years  of  adjusting  this  instrument  f«)r  the  seamen  of  histia- 
tive  town,  no  one  could  use  it  more  dexterously.  His  application 
^  to  this  work,  as  to  every  undertaking,  was  unremitting ;  he  fol- 
lowed it  through  the  whole  period  of  its  visibility,  and  in  the  lat- 
ter part  of  autumn,  while  the  comet  was  circumpolar,  by  obtain* 
ing  angles  through  the  whole  night  above  and  below  the  pole,  he 
was  able  to  detect  its  parallax,  as  well  as  its  motion  and  positioiL 

These  observations  were  never  published,  and  it  now  may  be 
well  doubted  whether  a  vestige  of  his  notes  remain,  the  labor 
having  been  performed  chiefly  for  his  own  gratification.  The 
great  eomet  of  1811  did  not  escape  his  attention,  and  his  observa- 
tions met  with  a  better  fate.  He  was  induced  to  publish  them 
in  detail,  and  they  were  so  numerous  that  the  angles  alone,  when 
reduced,  occupied  an  entire  page  of  a  Boston  newspaper.  With 
his  expertness  in  the  use  of  the  sextant,  and  the  sharp  nucleus  of 
that  beautiful  comet,  his  results  were  exceedingly  accurate,  and 
were  so  esteemed  by  Dr.  Bowditch  who  used  them  in  calculatiag 
its  elements. 

In  ^rlier  life  he  had  constructed  a  number  of  small  telescopes; 
but  at  the  age  of  fifty-four  he  undertook  the  coustroction  of  a  re- 
flector of  considerahle  size,  and  finished  it  in  the  succeeding  year. 
This  telescope  is  a  Gregorian,  the  Icu^er  speculiun  is  five  inches, 
and  the  soaaller,  one  inch  in  diameter.  Its  focal  length  is  five 
feet,  with  one  eye-piece  magnifying  not  less  than  three  hundred. 
It  is  not  mounted  equatorially,  nor  has  it  any  arrangement  for 
measures ;  but  it  is  fi.miished  with  rack  work  for  slow  azimuth  and 
altitude  movement.  The  stand  is  of  oak  and  has  fonr  legs  on  die 
plan  recommended  by  the  elder  Tnlley,  and  it  is  exceedingly 
steady — illustrating  the  advantage  of  this  meihod  for  firmness  no 
less  than  safety.  The  tube  is  of  sheet  iron  and  very  neatly  fin* 
ished.  The  stand,  which  was  made  by  his  son,  is  the  only  part 
which  was  not  formed  by  his  own  hands.  In  grinding  the  Isrge 
speculum  he  dispensed  entirely  with  the  bed  of  hones,  using  the 
grinding  powder  after  it  was  worn  very  fine  on  the  pewter  tool 
In  reference  to  its  figure,  there  is  doubt  whether  its  curve  is  pa^ 
Abolic    He  objected  to  that  form  and  demonstrated  that  it  is  not 
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the  best  except  for  objects  whose  distance  it  infinite.  When  the 
specula  were  finished,  they  Were  placed  for  trial  in  a  rude  tube  of 
deal  board  mouuted  on  a  temporary  support  and  directed  to  the 
phwet  Jupiter;  and  whatever  may  have  been  its  subsequent  per* 
formarices,  which  were  certainly  no  better  than  what  might  have 
been  anticipated, — in  this  first  trial  its  performance  was  astonish- 
itig.  For  light,  distinctness  of  vision,  and  clearness  of  outline,  it 
is  scarcely  surpassed  by  the  larger  and  far  more  expensive  instrti* 
meots  of  the  present  day.  While  in  this  tube  and  with  this  tem- 
porary adjustment,  he  viewed  the  moon  under  favorable  circum- 
stances of  weather,  three  days  after  the  change,  and  detected  that 
delicate  thread  of  corpusculsur  light  which  was  seen  by  Schroter 
m  the  early  part  of  the  year  1792  with  a  reflector  of  nearly  the 
same  size,  and  he  described  it  almost  in  the  words  of  the  German 
sstroDomer,  though  he  had  never  seen  the  paper  of  Schroter  and 
knew  nothing  of  the  discovery.  When  the  telescope  was  com- 
pleted and  mounted,  his  neighbors  thronged  his  house  to  obtain 
a  sight  of  the  moon  or  other  celestial  objects,  and  although  a  se- 
vere tax  upon  him,  he  at  all  times  gratified  their  wishes  with  the 
most  endnring  patience. 

On  the  occaston  of  the  return  of  the  Encke  comet  in  1829, 
when  the  theory  of  Encke  was  so  strikingly  verified,  he  became 
interested  in  the  subject  of  a  resisting  medium,  and  for  his  own 
satisfaction  constructed  a  set  of  tables  for  the  determination  of  the 
place  of  the  comet  for  any  period  past  or  future  within  the  limit 
of  a  thousand  years.  The  labor  in  the  construction  of  these  ta- 
bles was  immense ;  bat  with  his  usual  untiring  zeal  and  applica- 
tion, he  accomplished  it,  before  the  comet  was  beyond  the  reach 
of  the  telescope.  The  figures  made  in  this  work  were  so  numer- 
ous that  he  often  exhibited  the  sheets  containing  the  rough  com- 
Stations  as  a  curiosity.  These  tables  he  always  declitied  pub- 
liiiig  fhongh  often  solicited  to  do  so,  and  they  remain  to  this 
day  among  the  fragments  of  his  indiTstry. 

He  kept  for  many  years  a  meteorological  journal,  using  a  ba- 
rometer and  thermometer  of  his  own  construction,  both  of  which 
were  remarkable  for  their  accuracy.  Indeed  he  was  never  satis- 
fied with  the  use  of  any  instruments  unless  he  was  entirely  confi- 
dent of  their  utmost  accuracy,  and  to  be  certain  of  this,  he  was 
oompelied  to  form  them  with  his  own  hand.  In  the  prosecution 
of  his  meteorological  inquiries  he  convinced  himself  of  the  truth 
of  the  gyratory  theory  of  Redfield  and  defended  it  with  enei^y. 
In  the  more  vigorous  period  of  his  life,  he  was  a  contribntor  to  the 
mathematical  periodicals  of  the  day,  solving  the  more  difficult 
problems  and  proposing  others.  Among  his  correspondents  in 
science,  were  Doctors  Etowditch,  Prince  and  Oliver,  and  President 
JeiFersoiL 
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Having  at  different  periods  engaged  in  the  stndy  of  die  law 
and  acted  some  years  as  an  attorney,  he  received  the  appoiDtnnent 
of  judge  of  the  county  court,  and  so  far  as  a  profound  regard  to 
justice  is  concerned,  no  appointment  could  have  been  more  judi- 
cious. He  knew^  nothing  of  dissimulation ;  nothing  could  influ- 
ence him  from  the  straightest  line  of  uprightness,  in  his  morals 
and  in  his  dealings  with  men,  he  seemed  to  know  nothing  bat 
the  exactness  of  his  mathematics. 

He  interested  himself  also  in  the  politics  of  the  day;  was  a 
member  of  the  legislature  of  his  native  state  several  years  daring 
the  period  of  the  most  rabid  party  divisions.  As  in  science  so  m 
politics,  he  was  a  friend  of  Jefferson,  and  belonged  to  the  old 
democratic  party,  and  was  twice  elected  to  Congress.  While  at 
Washington  he  was  not  unmindful  of  his  favorite  themes,  and  it 
was  proverbial  among  his  collei^ues,  that  in  the  recess  of  the  sit- 
tings or  when  his  seat  was  vacant,  he  could  always  be  found  at 
the  Patent  Office. 

While  his  conscientiousness  was  a  sufficient  guaranty  that  n^ 
item  orduty  would  for  a  moment,  under  any  circumstances,  be 
neglected,  we  are  not  among  those  who  believe  that  the  square 
and  dividers  are  adapted  to  political  purposes,  however  desirable  a 
measure  of  the  exact  may  be  in  the  government  of  men  and 
policy  of  the  state ;  and  the  history  of  La  Place  is  not  the  only 
comment  upon  this  philosophy. 

In  the  most  laborious  investigations,  his  patience  was  without 
limit.  Nothing  seemed  capable  of  diverting  him  from  his  pur^* 
pose,  nor  were  the  wants  of  his  life  deemed  of  any  consequence 
to  him  when  engc^ed  in  the  solution  of  a  mechanical  or  mathe- 
matical problem.  Time  was  no  object  to  him  either  in  the  proe^ 
ecution  of  his  own  inquiries,  or  in  imparting  knowledge  to  his 
less  learned  neighbors  and  townsmen.  Bnt  the  object  of  this 
memoir  is  rather  to  commemorate  the  genius  and  acquirements  of 
Folger  than  to  comment  upon  his  moral  qualities.  In  referpuce 
to  the  latter,  however,  much  might  be  said  of  his  rigid  Virtues 
and  abstemious  habits;  and  although  like  Count  Rumford  he 
seemed  at  times  soured  and  disappointed  that  men  did  not  con- 
duet  themselves  more  in  conformity  with  his  own  exaet  views, 
yet  it  was  easy  amid  all  this  to  perceive  traces  of  good  and  be^ 
nevolent  impulses.  He  died  on  the  8th  of  the  9th  month,  1849, 
at  the  age  of  84 
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Art.  XXXII. — On  the  Application  of  Photography  to  the  Self- 
registration  of  Magnetical  and  Afeteorofogical  Instruments  ; 
by  Captain  J.  H.  Lefroy,  R.  A.,  F.R.S.,  Director  H.  M.  Magnet- 
ical and  Meteorological  Observatory  at  Toronto,  Canada. 

The  successful  application  of  the  f»rinciple  of  self-registratioa 
by  means  of  the  action  of  light  upon  sensitive  paper,  or  upon 
silvered  plates,  to  observations  in  magnetism  and  meteorology, 
inay  be  instanced  as  one  of  the  most  important  indirect  results  of 
the  great  stimulus  given  to  such  inquiries  by  the  encouragement 
and  support  extended  to  them  for  the  last  ten  years  by  the  gov- 
ernments of  Great  Britain,  of  Russia,  and  of  various  other  coun- 
tries, by  tlie  augmented  attention  of  scientific  bodies,  and  in  short, 
by  the  more  general  recognition  of  their  claim  to  an  honora* 
ble  place  among  the  pursuits  of  science.  Nor  is  it  easy  to  foresee 
the  full  extent  to  which  this  principle  may  be  destined  in  the 
end  to  supersede  the  tedious  processes  of  personal  observation,  or 
the  imperfect  ones  of  delineation  and  description.  In  terrestrial 
magnetism,  more  particularly,  it  has  been  brought  to  perfection 
at  a  peculiarly  appropriate  time.  From  eight  to  ten  years  of  labo- 
rious observations,  have  accumulated,  probably,  almost  every 
thing  that  is  essential  for  determining  the  numerical  elements  of 
its  different  periodical  laws,  and  for  a  comparison  of  their  opeia- 
tioo  in  distant  parts  of  the  globe  ;  but  in  spite  of  these  observa- 
tioos,  hourly,  or  two^hourly,  by  day  and  night,  in  spite  of  special 
observations  upon  all  magnetical  disturbances  detected,  and  of  term 
days  designed  to  detect  them  but  on  which  they  seem  to  have 
made  it  a  point  not  to  occur ;  in  spite  of  the  extraordinary  pa- 
tience of  Colonel  Boileau  in  observing  at  Simla,  not  every  hour, 
bat  every  fifteen  minutes,  and  of  the  perseverance  with  which 
Dr.  Bache,  at  Philadelphia,  multiplied  bis  observations  at  the  crit- 
ical hours  of  each  of  the  elements,  in  spite,  in  short,  of  all  the 
efforts  which  have  been  made  to  obtain  a  full  knowledge  of  the 
fluetnations  of  these  most  inconstant  objects,  it  cannot  be  doubt- 
ad  that  by  fiur  the  greater,  and  perhaps  the  more  instructive  por- 
tion of  all  their  changes,  eluded  the  vigilance  of  the  observers* 
b  this  state  of  things,  therefore,  a  method  which  secures  a  minute 
and  continuous  graphical  record  of  every  change,  and  which 
can  be  put  in  practice  with  comparatively  little  difficulty  or  ex- 
pense, is  an  acquisition  to  the  science,  second  perhaps  only  to 
the  invention  by  Gauss  and  Lloyd  of  the  instrumental  means 
opon  which  its  previous  rapid  progress  has  been  so  largely  based. 
The  following  description  of  the  Photographical  Instrument  of 
Mr.  Brooke,  is  based  principally  upon  that  gentleman's  communi- 
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cation  to  the  Ilo3raI  Society  in  1847,*  and  the  advice  and  imtrao* 
tions  with  which  the  writer  has  been  favored  by  him  front 
time  to  time,  in  the  establishment  of  one  at  Toronto.  The  vari* 
oils  changes  in  detail  which  have  been  suggested  by  experience 
since  the  date  of  the  paper  referred  to,  and  the  possibility  that 
the  present  communication  may  promote  the  establishment  of 
other  registers  on  this  continent,  will  afibrd,  it  is  hoped,  a  sufficient 
apology  for  its  want  of  originality. 

"  In  order  to  render  any  method  of  photographic  registratioii 
practically  useful,  it  is  essential  that  the  three  following  indica* 
tions  should  be  fulfilled. 

"First,  to  obtain  an  easily  managed  artificial  light  of  suflScient 
intensity  to  affect  photographic  paper,  especially  at  those  periods 
when  it  is  of  most  consequence  to  obtain  a  continuous  register, 
namely,  when  the  position  of  the  magnet  is  undergoing  great  and 
rapid  variations. 

**  Secondly,  to  prepare  by  a  ready  process  a  photographic  paper 
sufficiently  sensitive  to  receive  the  feeble  impressions  of  artificial 
light,  and  at  the  same  time  sufficiently  durable  to  retain  those 
impressions  during  a  period  of  at  least  twelve  hours,  as  a  more 
frequent  attention  to  the  apparatus  would  probably  interfere  with 
the  ordinary  arrangements  of  an  observatory. 

"Thirdly,  to  magnify  the  movements  of  the  magnet  by  some 
optical  arrangement,  so  that  the  variations  may  be  indicated  with 
sufficient  minutetiess  and  accuracy." 

The  union  of  the  three  conditions  is  represented  by  a  suspended 
magnet  carrying  a  metallic  reflector,  by  which  a  ray  of  light  from 
a  fixed  lamp  is  thrown  on  the  surface  of  a  sheet  of  prepared  paper, 
rolled  rmmd  a  glass  cylinder,  and  made  to  revolve  by  a  tiofie  piece; 

The  first  of  them,  namely,  thai  which  relates  to  the  light,  was 
in  the  experiments  of  the  first  two  or  three  years,  attained  by  the 
employment  of  a  camphiue  lamp.  Mr.  Brooke  has  recently  suc- 
ceeded in  producing  traces  by  the  light  of  an  oil  lamp,  which, 
although  somewhat  more  expensive,  is  free  from  the  inconven- 
iences apt  to  attend  the  use  of  camphine.  The  camphine  lamps, 
however,  being  still  in  use  at  Toronto,  I  proceed  to  describe  them. 
The  form  of  the  lamp  is  square,  two  and  a  half  inches  on  the 
side,  one  and  a  half  deep ;  each  contains  about  a  quarter  of  a  pint 
of  the  fluid,  and  is  calculated,  with  perfectly  good  camphine^  to 
burn  twelve  hours  without  requiring  attention — in  general  it  will 
be  necessary  to  attend  to  it  every  six  hours,  by  cutting  off  the 
charred  end  of  the  wick  and  refilling.  A  circular  opening  abont 
1-2  inch  in  diameter  is  made  at  the  top  near  the  centre  of  the 
side  which  is  presented  in  front,  this  is  stopped  with  a  bone  or 

*  **  Deaerititkm  of  an  apotfatus  for  the  Automatic  R«ristratioD  of  Magofttouietwi 
and  other  Meteorological  Instnimeots  by  Photography.  By  Charlei  Brooke,  MJB, 
FiLS.,4(c>  PhUos.  Trana.,  1847. 
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iTory  disk,  and  through  the  latter  passes,  by  a  narrow  cut,  made 
for  the  purpose,  the  burner  or  support  for  the  wick,  which  is  flat, 
half  an  inch  wide  and  one-eighth  of  an  inch  in  thickness.  Com* 
mou  bail  cotton  may  be  used  for  the  wick,  by  drawing  as  many 
lengths  through  the  burner  as  fill  it  closely,  but  not  tightly.  A 
movable  ring  or  collar  with  a  set  screw,  allows  the  burner  to  be 
fixed  at  any  required  height,  while,  the  stopper  being  movable, 
it  can  also  be  turned  to  form  any  required  angle  with  the  face  of 
the  lamp.  Let  us  then  suppose  the  lamp  to  be  placed  behind  a 
screen  containing  a 
narrow  vertical  dit 
through  which  the 
light  is  to  pass,  and 
to  slide  in  a  groove 
80  as  to  be  always 
presented  in  precise- 
ly the  same  posi- 
tion ;  let  us  suppose 
also  the  screeu  in 
question  to  be  fixed 
to  the  stand  which 
supports  the  lamp. 
To  begin, ihen,  with 
the  regulation  of  the 
light,  the  burner  is 
first  to  be  fixed  at 
such  a  height  that 

the  top  of  the  wick  a.  Lamps  and  chimney.— 6.  Ring  placed  under  the  chim- 
shall  be  exactly  lev-  ^^7  to  cot  off  strong  light — e.  Section  of  larop6>  shewing  the 
el  with  the  bottom  ^^^^^  ^^^  ^^  ^®  diaphragm  in  the  chimney. 

of  the  slit;  it  is  then  to  be  turned  in  azimuth  so  as  to  be  pre- 
sented edgewise  at  an  angle  of  about  8(F  with  the  screen,  or 
at  such  an  angle  as  to  give  a  cone  of  rays  very  slightly  wider 
than  the  mirror.  The  support  of  the  chimney  of  the  lamp  is 
then  to  be  applied,  and  its  height  regulated  so  that  the  dia- 
phragm by  which  the  combustion  is  promoted,  shall  be  about 
010  inch  below  the  top  of  the  wick.  Lastly,  the  chimney  is 
added  to  the  support,  and  the  adjustments  of  the  lamp  are  com- 
pleted by  applying  the  short  cylindrical  shade  which  fits  under 
the  legs  of  the  chimney,  and  prevents  all  lateral  diffusion  of 
the  light.  The  employment  of  camphine,  although  desirable  on 
grounds  of  economy,  as  well  as  for  the  brilliancy  and  whiteness 
of  its  light,  is  attended  with  serious  inconveniences.  The  fluid 
deteriorates  very  rapidly  at  summer  temperatures  *by  the  absorp- 
tion of  oxygen,  which  converts  a  portion  of  the  camphine  into 
resin,  which  is  held  in  solution  in  the  remainder,  and  is  deposited 
ou  the  wick,'  in  fact  it  becomes  perfectly  useless;  unless,  thereforOi 
8icoia>SBnpmyoLIZ,5a87^]lA7,ia6a  41 


Digiti 


zed  by  Google 


322     Application  of  Photography  to  the  Sdf-registraiion 

the  position  of  the  observer  enables  him  to  procure  constantly, 
fresh  supplies  of  newly  distilled  fluid,  he  must  expect  trouble 
from  this  source.  It  has  more  than  once  hapi)ened  that  the  resin 
about  the  wick  and  surface  of  the  lamp  has  conducted  the  flame 
to  the  whole  body  of  the  camphine,  which  then  bums  with  vio- 
lence, but  this  ought  not  to  occur  if  the  lamp  is  kept  clean;  a 
more  common  inconvenience  is  its  smoking,  which  occurs  when 
the  wick  is  too  long,  or  the  burner  too  high  or  too  low  relatively 
to  ihe  fixed  diaphragm:  great  nicety  is  required  in  these  points; 
but  with  bad  camphine  the  utmost  care  can  scarcely  give  security 
from  the  annoyance.  Upon  these  grounds,  Mr.  Brooke,  as  already 
remarked,  has  recently  turned  his  attention  to  devising  a  substi- 
tute, and  by  heightening  the  sensibility  of  the  paper,  has  succeed- 
ed in  producing  good  results  with  oil  lamps.  Gas,  it  is  believed, 
has  not  been  tried ;  where  at  command,  it  will  probably  prove 
by  far  the  most  convenient  and  eifectual  source  of  light. 

The  paper  at  present  used  for  the  register  is  prepared  expressly 
for  the  purpose,  the  pulp  being  carefully  freed  from  acid,  alkaline, 
or  saline  substances.  Where  this  caiinot  be  procured,  it  should 
be  the  best  highly  glazed  paper,  not  recently  made,  of  the  ordinary 
letter  size  before  doubling,  free  from  lime  and  other  impurities,  and 
of  fine  fibre.  A  paper  called  Whatman's  yellow  wove  folio  post 
procurable  from  importers  in  Canada,  and  bearing  the  date  1842, 
has  been  found  to  answer  remarkably  well.  It  is  prepared  as 
follows. 

(1.)  Dissolve  five  grains  of  fine  isinglass  in  one  fluid  ounce  of 
distilled  water ;  the  water  should  be  poured  boiling  on  the  isin- 
glass, and  then  set  before  the  fire,  and  stirred  occasionally  until 
the  latter  is  dissolved ;  perhaps  this  will  require  ten  or  fifteen  min- 
utes. As  a  portion  is  lost  by  evaporation,  and  afterwards  in  filter- 
ing, it  is  convenient  to  increase  the  quantity  of  both  by  one  half, 
that  is,  to  take  an  ounce  and  a  half  of  water,  and  seven  or  eight 
grains  of  isinglass :  while  this  is  dissolving,  weigh  out  twelve 
grains  of  the  bromid  and  eight  of  the  iodid  of  potassium,  put 
both  salts  into  a  deep  glass,  such  as  a  large  wine  glass.  Extreme 
nicety  in  the  quantities  is  not  required,  the  effects  having  been 
produced  with  proportions  varying  from  ten  to  sixteen  grains  of  * 
the  bromid,  and  from  two  to  eight  grains  of  the  iodid.  The 
isinglass  being  suflSciently  dissolved,  filter  one  fluid  ounce  in 
quantity  on  the  salts,  through  white  blotting  paper  or  filtering 
paper.  The  salts  may  be  stirred  with  a  glass  stick,  and  the  solu- 
tion then  set  aside  until  cold. 

The  paper  for  a  register  of  one  element  is  cut  lengthwise  into 
slips  of  half  the  width  of  the  sheet,  each  being  about  fifteen 
inches  long,  by  four  and  three-quarters  wide :  if  two  elements 
are  registered  together,  the  undivided  sheet  is  used.  Having, 
marked  one  side,  for  distinction  secure  the  paper,  with  the  un- 
marked side  upwards,  by  a  pin  at  each  comer,  to  a  clear  pine 
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board,  rather  lai^^er  than  itself,  and  with  a  soft  wide  camel's  hair 
brush  kept  exclusively  for  this  purpose,  apply  the  above  solution 
Quiforiniy  and  somewhat  sparingly  to  its  surface,  taking  care  not 
to  leave  on  it  enough  to  run  when  the  board  is  held  to  the  fire,  in 
which  case  yellow  stains  will  be  produced  in  consequence  of  a 
determination  of  the  sulphuret  of  silver  to  parts  which  were  too 
much  wetted.  Hold  the  paper  on  the  board  promptly  to  the 
fire  so  as  to  dry  the  solution  uniformly  and  rapidly,  and  leave 
the  salts  very  much  on  the  surface ;  care  must  be  taken  not  to 
scorch  the  paper.  In  brushing  the  paper,  in  this,  as  in  all  subse- 
quent processes,  it  is  well  to  take  pains  not  to  allow  any  of  it  to 
run  over  the  edge,  to  the  reverse  side,  where  it  leaves  unsightly 
stains.  Paper  thus  prepared,  is  not  affected  by  light,  and  will 
keep  a  considerable  length  of  time,  but  as  it  performs  best  when 
firesh,  the  inventor  recommends  the  preparation  of  only  a  week's 
supply  at  once.  An  ounce  of  solution  is  sufficient  for  twelve  or 
fifteen  slips ;  on  one  occasion  a  paper  of  three  months  old  at  To- 
ronto, yielded  a  good  curve,  but  in  general  they  present  neutral 
patches  to  a  greater  or  less  extent,  if  kept  too  long. 

The  next  step  is  to  render  the  paper  sensitive.     For  this  pur- 
pose, prepare  another  slip  of  wood ;  secure  a  slip  of  the  prepared 
paper  to  this,  in  the  same  way  as  before  ;  exclude  daylight,  and^ 
make  use  of  a  lantern  glazed  with  red  or  yellow  glass,  then* 
pour  into  a  capsule  about  a  teaspoonfuU  of  the  following  solution. 

(2.)  Dissolve  fifty  grains  of  nitrate  of  silver  in  one  ounce  of  dis- 
tilled water;  apply  it  to  the  paper  lightly  and  carefully,  brushing 
first  longitudinally,  then  across ;  it  is  scarcely  necessary  to  say  that 
each  solution  must  have  its  own  brush,  its  own  cup,  and  even  its 
own  cloth  for  drying  the  cup  and  brush.*  The  paper  being  uni- 
formly wetted,  roll  it  immediately  round  the  glass  cylinder,  which 
must  be  previously  wiped  dry,  and  secure  it,  where  the  ends  over- 
lap, by  a  little  gum  dissolved  in  acetic  acid.  If  but  one  lamp  is 
us&i,  it  is  necessary  to  make  a  couple  of  pencil  marks  across  the 
JQuctioQ  of  the  folds,  to  furnish  a  base  line.  The  light  being 
then  allowed  to  fall  on  the  paper  at  any  chosen  moment  of  time, 
the  trace  commences.  The  above  directions  apply  to  the  ordi- 
nary process  when  camphine  is  used ;  to  give  the  paper  the  addi- 
tional sensibility  required  with  an  oil  lamp,  Mr.  Brooke  directs  to 
rinse  the  paper  in  water  after  applying  the  nitrate  of  silver,  hold- 
ing it  by  the  two  ends  and  shaking  it  a  little,  under  the  surface 
of  the  water  in  the  dish.  It  is  then  to  be  laid  on  a  cloth,  and  the 
water  pressed  out  of  it,  by  passing  a  glass  rod  or  piece  of  tube  two 
or  three  times  over  it,  with  gentle  pressure.  (To  avoid  the  contact 
of  organic  matter  with  the  prepared  surface.)  About  half  a  tea- 
spoonful  of  the  nitrate  of  silver  solution  is  then  poured  on  the  paper, 

*  A  gmaU  coTered  box  having  a  place  for  each  cup,  each  bottle,  and  each  brush, 
will  be  found  convenient.  The  cups  should  be  further  distinguishable  by  some  differ- 
•aee  of  ihfljM  or  color,  and  the  brashes  marked. 
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and  the  glass  rod  s^ain  passed  lightly  over  it,  which  diffuses  the 
solution  over  it;  after  which  it  is  applied  to  the  cylinder  as  he- 
fore  ;  by  this  process  the  sensibility  of  the  paper  is  said  to  bo  ranch 
increased,  and  it  keeps  a  cleaner  surface.  To  present  at  one  vie  w 
the  different  chemical  processes,  we  will  suppose  the  cylinder  to 
be  now  left  to  complete  one  revolution  (of  twelve  hours)  or  two, 
as  the  case  may  be,  the  paper  has  then  to  be  removed,  the  impres- 
sion to  be  developed,  and  then  fixed.  For  this  purpose  a  common 
large  dish  is  required,  which  should  be  placed  beiore  a  fire  until 
moderately  warm.  Excluding  daylight  as  before,  remove  the 
cylinder  carefully  from  its  supports,  take  off  the  paper  with  as 
little  fingering  as  possible,  and  lay  it  on  the  dish;  no  indication 
of  the  trace  will  be  perceived,  unless  the  disk  be  more  than  duly 
heated,  in  this  case  the  lines  sometimes  appear  faintly  without 
farther  treatment,  but  the  paper  darkens  too  much  afterwards.  It 
has  to  be  now  brushed  with 

(3.)  Twenty  grains  of  crystallized  gallic  acid,  dissolved  in 
one  ounce  of  distilled  water*  when  it  appears  in  a  minute  or  two. 
When  the  impression  is  sufficiently  distinct,  which  will  generally 
be  in  the  space  of  five  minutes,  the  gallic  acid  must  be  washed 
off  by  repeated  sluicings  with  soft  water,  assisted  by  a  soft  bmsh. 
•  In  a  cold  place,  or  with  a  cold  dish,  a  longer  time  is  required  ;  in 
short  the  whole  process  seems  to  succeed  best,  like  most  photo- 
graphic processes,  at  a  high  temperature,  although  the  trace  has 
been  developed  at  a  temperature  low  enough  to  convert  the  solu- 
tion into  a  film  of  ice.  When  the  uncombined  nitrate  of  silver 
and  gallic  acid  are  thoroughly  washed  off,  the  light  may  be  ad- 
mitted without  danger  ;  it  then  remains  to  fix  the  impression  by 
transferring  the  paper  to  a  clean  dish  or  board,  and  brushing  it 
with  about  one  table  spoonful  of  the  usual  solution,  namely, 

(4.)  Twelve  grains  of  hyposulphite  of  soda  to  one  ounce  of 
distilled  water.  It  will  be  observed  that  rather  a  larger  quantity 
of  this  solution  is  laid  on  the  paper  than  of  the  previous  ones. 
If  an  insufficient  quantity  be  applied,  or  it  be  tiot  uniformly  dis- 
tributed, the  paper  is  apt  to  acquire  a  dirty  brown  stain,  in  patches, 
passing  into  black,  which  latter  it  ultimately  becomes  when  no 
hyposulphite  is  applied ;  in  this  case,  the  margin  of  the  previously 
dark  lines  becomes  the  lightest  portion  ;  after  allowing  the  hypo- 
sulphite a  few  minutes  to  act,  it  must  be  thoroughly  washed  off, 
by  repeated  sluicings  of  water,  assisted  as  before,  with  a  soft  brush, 
otherwise  it  enters  into  a  new  combination  which  spoils  the  spe- 
cimen :  the  paper  may  then  be  placed  between  the  folds  of  clean 
white  blotting  paper  until  dry,  when  the  process  is  completed. 

We  may  now  return  to  the  mechanical  details.  The  mag- 
net employed  is  about  two  feet  long,  one  inch  and  a  quarter 

*  Oae  ounce  of  water  will  not  bold  twenty  grains  of  |pdlic  acid  in  solution  at  or- 
dinary temperatures;  it  is  necessary  to  dip  the  bottle  in  boiling  water,  or  beat  % 
fluaU  portk»  of  nrdiaig^d  iokitioii,  in  a  t6at  tdbt. 
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wide,  and  a  quarter  of  an  inch  in  thickness :  it  is  suspended  with 
the  broad  side  vertical,  in  a  brass  stirrup  carrying  a  divided  circle 
(a)  by  which  the  position  of  detorsion  of  the  thread  is  made  to 
coincide  with  the  meridian,  and  two  keepers  (6,  b)  capable  of 


sliding  on  the  stem  (d)  for  the  purpose  of  holding  a  metallic  re- 
flector (m).  This  important  part  of  the  apparatus  is  a  small  spec- 
ulum weighing  about  one  pound,  four  inches  in  diameter,  and 
of  about  sixteen  inches  focus ;  it  can  be  set  to  any  required  height 
on  the  stem  (d)  and  be  made  to  form  any  required  angle  with 
the  axis  of  the  magnet.  The  whole  suspended  weight  amounts 
to  about  four  and  a  quarter  pounds,  requiring  a  strong  silk  sus- 
pension ;  hence  that  the  effect  of  torsion  may  be  moderate  it  is 
desirable  to  have  it  of  considerable  length.*  At  Toronto,  three 
wooden  pillars,  firmly  fixed  in  the  ground,  and  passing  through  the 
floor  (without  contact)  carry  a  triangular  frame  on  which  is  erect- 
ed a  light  tripod  stand,  which  passes  through  an  upper  floor,  and 
supports  the  reel  to  which  the  suspension  silk  is  attached,  allow- 
ing a  length  of  about  ten  feet.  Stone  pillars  would  be  preferable, 
and  have  indeed  been  prepared  for  another  instrument,  ^  bifilar,  on 
tlie  same  principle,  which  will,  it  is  hoped,  be  brought  into  opera- 
tion in  the  course  of  the  present  spring ;  it  is  probable  that  many 
interesting  enquiries  will  arise  out  of  oscillations  so  minute,  that 

*  A  long  aUk  suspension  is,  however,  liable  to  the  inconvenience  of  varying  sensi- 
bly in  diffS'ent  hygrometric  states  of  the  atmosphere,  tberebv  disturbing  the  adjust- 


i  of  the  light  sufBciently  in  some  cases  to  make  it  inefllective.  A^e  metallic 
tnspcDsion,  as  was  originally  used  by  M.  Oaoss,  for  his  declinometer,  if  very  long; 
would  probably  be  prenrabU  to  nUc 
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nothing  but  extreme  care,  in  cutting  off  every  source  of  external 
or  mechanical  agitation,  will  give  security  to  them.  Mr.  Bnioke 
has  given  a  curious  lithograph  of  a  trace  produced  luider  extreme 
'Mocal  disturbance,"  namely,  r  quadrille  parly  in  the  house  ad- 
joining, which  is  sufficient  to  shew  that  if  the  tremor  communi- 
cated from  such  sources  does  not  altogether  annul  the  magnetical 
movements,  it  materially  modifies  them.  It  will  also  be  found 
necessary  to  adopt  some  means  of  rapidly  reducing  the  natural 
movements  of  the  magnet,  of  which  by  far  the  best,  is  the  applica- 
tion of  a  heavy  copper  ring  or  damper,  as  shown  in  the  preceding 
diagram  (/);  if  the  bar  be  very  strongly  magnetized,  a  fine  wire 
dipping  into  mercury  may  be  attached  to  it,  but  where  the  mag- 
netism of  the  bar  is  feeble,  or  the  horizontal  component  of  the 
force  has  a  low  value,  this  method  seems  objectionable. 

We  have  already  described  the  lamp.  It  will  be  seen  that  when 
placed  before  the  mirror  an  image  of  the  vertical  slit  through 
which  the  light  passes  will  be  formed  in  the  conjugate  focus: 
this  image  being  condensed  to  a  point,  by  the  intervention  of  a 
lens  of  any  kind,  any  angular  movement  of  the  magnet  and  mirror 
will  cause  a  movement  of  that  point  through  a  space  equal  to 
twice  the  tangent  of  the  angle,  to  radius  the  distance  of  the  image 
/rom  the  mirror;  the  trace  can  therefore  be  made  upon  any  requir- 
ed scale,  by  varying  that  distance.  At  7  ft.  2  in.  it  will  be  20^  to 
1  inch,  at  9  ft.  6i  in.  it  will  be  16',  and  at  1 1  ft.  Hi  in.  it  will  be  12' 
to  1  inch ;  the  distance  to  be  selected  must  be  determined  by  the 
probable  range  of  the  element  in  ordinary  magnetic  disturbances, 
for  since  very  great  ranges  are  of  rare  occurrence  and  seldom 
more  than  momentary,  it  does  not  seem  expedient  to  r^uce  the 
scale  sufficient  to  include  them,  at  the  sacrifice  of  distinctness  in 
the  more  usual  movements.^    The  scale  at  present  in  use  at  To- 

♦  The  width  of  the  half  sheet  of  paper  is  sufficient  for  a  range  of  40'  of  declina- 
tion and  -008  of  horizontal  force,  upwn  the  largest  scales  likely,  under  any  drcum- 
stances,  to  be  adopted,  namely  10'  of  declination  and  *002  of  horizontal  force,  to  one 
inch.  It  appears  from  observations  at  Toronto,  from  1840  to  1849  inclusive,  embrac- 
ing altogetoer  about  8050  days,  and  including  164  occasions  of  extra  observations, 
and  118  term  days,  that  great  ranges  may  be  expected  at  that  station  in  the  foUow- 
ing  proportion. 


Range  of  Declination. 

Range  of  Horixooul 

Force. 

Less  than  40'    . 

2978  daya 

Less  than  -008  . 

2974 

From  0*^40' to  0°  60'  . 

.    28 

From  -008  to  -010 

.     17 

O^SO'tol^O' 

12 

•010  to -015      . 

19 

l^O'    to  1^10'  . 

4 

•016  to  -020 

7 

1°  10' to  1^20' 

7 

•020  to  -026      . 

9 

1^20' to  1^80'  . 

2 

•026  to  -080 

S 

10  80' to  1^40' 

2 

•080  to  -085      . 

7 

1^40' to  1°  60'  . 

1 

•086  to  040 

8 

I0  60'to20  0' 

4 

•040  to  ^045 

2 

2<»         to  8° 

6 

•045  to  -050 

1 

8<>         to40     . 

2 

•050  to  -056 

2 

More  than  4<> 

8 

More  than  ^056     . 

.     11 

On  211  of  the  term  days  and  disturbances,  the  range  of  declination  fell  within  the 
above  limits,  (40')  and  on  207  of  them,  the  range  of  norizoatal  force  fell  within  the 
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ronto  18  2(y  to  an  inch,  the  light  being  thrown  in  such  a  way  as 
to  divide  the  space  unequally,  and  allow  the  greatest  range  to  the 
east,  the  direction  in  which  the  principal  movements  occnr. 

The  lamp  is  supported  by  a  tripod  stand  about  three  feet  high, 
with  an  elevating  lever  for  raising  the  top, 
which  consists  of  three  distinct  parts :  the 
lowest  of  these  (a)  turns  in  azimuth  round 
a  pivot,  the  second  (b)  slides  by  a  slow  mo- 
tion screw,  in  a  groove,  on  the  face  of  the 
first,  the  third  (c)  slides  in  like  manner  on 
the  second,  but  transversely:  by  these  ar- 
rangements, first,  the  luminous  slit  can  be 
set  at  any  required  height,  secondly,  it  can 
be  turned  in  azimuth  until  the  brightest  part 
of  the  ray  falls  on  the  centre  of  the  mirror, 
thirdly,  its  distance  from  the  mirror  can  be 
adjusted  until  a  sharp  focal  image  is  formed 
on  the  cylinder,  lastly,  it  can  be  moved  lat- 
erally, so  as  to  carry  the  image  to  any  part  of 
the  paper  required;  this  etkci  can  he  pro- 
duced also  by  turning  the  mirror  itself  a  little, 
but  not  with  the  same  facility.  The  upper 
plate  is  provided  with  a  groove,  into  which 
the  lamp  is  made  to  fit,  thus  securing  its 
being  replaced  after  each  change  in  precisely 
the  same  position ;  it  also  carries  the  screen. 
The  slit  through  which  the  light  passes  is 
about  0*4  (four-tenths)  inch  high  and  from 
one  to  two-hnndredths  of  an  inch  wide ;  the  width  can  be  varied 
at  pleasure  by  a  sliding  piece  and  slow-motion  screw.* 

The  stand  for  the  support  of  the  cylinder,  requires,  like  that  of 
the  lamp,  some  means  of  adjustment  in  height.  If  a  barometer 
is  connected  with  the  apparatus,  a  ready  means  of  attaching  it  so 
that  the  index  may  pass  through  the  table  top  near  the  cylinder, 
must  also  be  considered  ;  both  objects  niay  be  obtained  by  adding 
a  solid  table  top  about  sixteen  inches  square  to  a  tripod  stand 
similar  to  that  of  the  lamp,  the  feet  of  which  should  rest  on  a 
solid  support. 


Lamp  stand. 


limtt  allowed  for  that  dement.  It  is  to  be  expected  that  many  more  disturbances  in 
proportion  wiU  be  recorded  bj  the  photographic  process  than  were  observed,  but  not 
of  the  more  extreme  degrees,  or  sudi  as  to  alter  materially  the  above  scale  of  relative 
frequency. 

*  The  position  of  the  stand  for  the  lamp  must  be  such  that  the  cone  of  rays  re- 
flected from  the  mirror  shall  not  quite  clear  the  chimney,  which  cuts  off  a  portion  of 
one  edge  of  it  while  a  pcnrtion  of  the  other  edge  is  cut  off  by  a  screen  slipped  a  little 
before  the  mirror :  seen  therefore  from  the  centre  of  the  cybnder,  the  chimney  should 
hide  a  small  segment  of  the  mirror  on  one  side,  and  the  screen  a  similar  segment  on 
die  other. 
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Cjlinder  and  Copper  case. 


The  cylinder  consists  of  an  ordinary  French  glass  riiade,  black* 
ened  on  the  inside,  about  fourteen  and  a  half  inches  in  circiimfer* 
ence  and  ten  inches  high.  One  end  is  closed  by  a  metal  cap  pro- 
vided with  a  concentric  axis,  three  inches  long,  a  bent  arm  or 
crank  is  attached  to  the  axis  ^ 

by  a  set  screw,  and  engages 
with  a  slit  in  the  hour  hand 
of  the  lime  piece,  by  which 
the  whole  is  made  to  revolve,  i 
The  weight  of  the  cylinder  is  ' 
borne  upon  five  friction  rollers 
set  in  a  light  frame;  two  of 
them,  which  carry  the  axis, 
are  set  vertically  facing  the 
time  piece,  two  more,  of  small- 
er size  at  the  opposite  end 
of  the  frame,  are  sufficiently 
separated  for  the  body  of  the 
cylinder  to  rest  upon  them, 
near  its  hemispherical  end; 
the  other  is  set  horizontally, 
and  works  against  a  small 
brass  plate  at  the  base  of  the  axis ;  the  whole  should  be  carefully 
turned  and  truly  pivoted.  In  the  arrangement  of  the  inventor, 
after  placing  the  paper  on  the  cylinder  as  here  described,  a  second 
cylinder  very  slightly  larger  is  slipped  over  it,  and  retained  in  a 
concentric  position,  by  pressure  upon  a  few  coils  of  tape  wound 
round  the  capped  end  of  the  inner  cylinder  and  kept  wet;  the 
object  is  to  protect  the  paper  and  keep  it  damp,  for  which  pur- 
pose, also,  a  piece  of  wet  lint  is  placed  between  the  cylinders 
at  the  point.  An  accident  to  the  external  cylinder  led  to  the 
adoption  of  a  different  plan  at  Toronto,  which  has  been  found  so 
convenient  that  the  former  one  has  not  been  reverted  to.  The 
external  cylinder  is  replaced  by  a  case  of  copper,  of  about  the 
same  size  and  shape,  but  divided  along  the  axis  into  two  halves, 
one  of  which  is  fixed  to  the  frame  carrying  the  friction  wheels, 
(of  which,  the  two  carrying  the  axis,  run  altogether  outside  of  it, 
the  others  enter  it  through  narrow  cuts,  sufficiently  to  carry  the 
cylinder  clear);  the  other  half  forms  a  covering  removable  at 
pleasure.  The  light  is  admitted  through  two  narrow  slits,  which 
may  be  glazed  if  desired.  The  advantages  of  the  arrangement 
are  these.  The  time  piece  has  but  half  the  weight  to  turn; 
the  paper  is  immediately  accessible;  the  loss  of  light  in  passing 
through  the  external  cylinder  is  avoided,  since  it  is  found  in  prac- 
tice unnecessary  to  glaze  the  opening,  the  impressions  are  there- 
fore darker;  the  paper  may  be  applied,  and  removed  with  great 
expedition,  and  without  exposure  to  stains  from  contact  with  the 
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■WBt  edges  of  the  external  glass  cylinder ;  lastly,  we  are  enabled, 
by  the  employment  of  the  sliding  screens  described  below,  to 
make  use  of  nearly  the  whole  width  of  the  paper  for  barometric 
changes,  instead  of  being  restricted  to  abont  one-half  of  it.  It 
shotild  be  added  that  by  making  a  shallow  well  in  the  fixed  half 
of  the  cylinder,  a  large  surface  of  wet  lint  may  be  exposed  imme- 
diately under  the  paper,  which  is  found  to  keep  it  damp  enough 
under  all  circumstances,  even  when  the  slits  are  open. 

The  barometer  employed,  is  a  syphon,  ^<  constructed  with  a 
column  of  mercury  of  a  little  more  than  one  inch  in  diameter.  As 
the  weight  of  an  entire  column  of  this  size  would  be  inconven- 
ient, and  as  it  would  be  difficult  to  obtain  a  tube  more  than 
three  feet  long  of  so  lar^  a  bore,  both  ends  of  which  were  of  the 
same  internal  area,  two  adjacent  short  pieces  of  a  very  nearly  cyl- 
indrical tube,  have  been  united  to  the  extremities  of  a  tube  of  small 
bore,  and  form  the  ends  of  the  instrument  which  contain  the  sur- 
faces of  the  mercury,"  thus  shewing  the  variations  of  pressttre  by 
an  equal  change  of  half  the  amount  in  either  tube.  These 
changes  are  communicated  to  a  long  and  slender  index  or  lever 
bjr  means  of  a  float,  attached  to  a  short  arm  at  right  angles  to  it, 
both  being  centred  on  a  light  wheel  of  metal,  carefully  pivoted, 
iod  both  being  counterpoised.  The  float  actually  employed  is 
the  bulb  of  a  mercury  thermometer,  the  stem  of  which  passes 
through  a  cap  adapted  to  the  oi)en  end  of  the  syphon,  and  is  gnid- 
ed  by  three  small  friction  rollers.*  A  screen  of  card  or  very  thin 
metal,  provided  with  a  narrow  slit  exactly  thirty  inches  from 
the  centre  of  motion,  is  attached  to  the  upper  end  of  the  long 
index,  covering  an  opening  in  the  copper  case  of  the  cylinder;  a 
lamp  being  then  fixed  behind  the  screen,  the  pencil  of  light  which 
falls  on  the  paper  through  the  slit  left  for  the  purpose,  will,  it  is 
evident,  follow  every  change  in  the  position  of  the  index,  or  of  the 
stirface  of  mercury  in  the  syphon.  A  lens  similar  to  that  which 
is  used  to  bring  the  elongated  image  of  the  slit  reflected  from  the 
mirror  of  the  magnet  to  a  point,  is  also  used  here  to  bring  the 
image  of  a  horizontal  slit  in  a  corresponding  screen  before  this 
lamp,  to  a  focus  on  the  paper.  It  forms  a  bright  line  across  its 
whole  width,  which  is  however  intercepted  by  the  barometer 
screen  on  one  side,  and  by  an  independent  screen  on  the  other, 
allowing  to  reach  the  paper,  only  the  variable  ))encil  passing 
through  the  former  and  an  invariable  one,  for  the  purpose  of 
tracing  a  base  line  through  a  fixed  opening  in  the  latter. 

The  tube  of  the  barometer  has  a  vertical  movement,  to  allow 
an  adjustment  of  the  level  of  the  mercury  at  the  foot  of  the  sy- 
phon, to  the  same  horizontal  plane,  so  that  whatever  be  the  pres- 

*  These  have  been  generally  dispeuied  widi,  at  Toronto,  and  the  end  of  the 
ejphon  left  open :  unleae  rery  truly  turned,  and  perfecUy  centred,  the j  are  i^  to 
Inipede  rather  than  asMst  the  motion  of  the  stem  of  the  float 
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9lire  «l  ilie  time  of  commeocing  a  tmee,  the  long  index  is  set  rer* 
lically.  By  varying  the  ratio  of  the  lengths  of  the  two  levers  we 
may  enlarge  the  scale  of  the  trace  to  any  extent ;  for  this  purpose 
there  are  distances  marked  on  the  short  arm,  corresponding  to  a 
scale  of  three,  four,  and  five  times  the  actual  change,  and  the  axis 
to  which  the  arms  are  fixed  can  be  moved  nearer  to,  or  further 
{h>m  the  float  as  required.  The  nature  of  the  scale  must  in  general 
depend  upou  the  probable  extent  of  the  barometric  changes  in 
twelve  or  twenty-four  hours ;  it  may  be  greater  in  the  summer 
than  in  the  winter  months,  but  there  will  always  be  some  chan- 
ges exceeding  the  range  of  the  instrument,  or  rather,  the  width 
of  paper  available  for  their  registration.  As,  for  instance,  when 
the  barometer  falls  or  rises  an  inch  in  twenty-four  hours :  ip  such 
cems  the  index  may  be  brought  afresh  to  the  vertical  position 
during  the  progress  of  the  register.  Not  to  interfere  with  the 
magnetical  curve,  the  barometer  should  be  so  placed  ss  to  form 
its  trace  rather  on  one  side  of  the  paper,  thus  reducing  the  space 
available  in  that  direction  tS  about  one-third  of  its  width ;  but  by 
a  particular  contrivance  connected  with  the  copper  case  already 
described,  we  are  enabled,  without  liability  to  exposure,  to  com* 
mand  nearly  the  entire  width  in  the  other  direction.  This  con* 
Irivance  consists  of  a  set  of  twelve  narrow  parallel 


sliders,  occupying  in  width  about  1  i  inch,  moving  ver*  f  |,,,f„. 
tioally  in  a  frame  attached  to  the  upper  half  of  the  cy  I-  ===  t "  tt 
inder,  and  capable  of  boing  raised  or  lowered  at  pleas-  LLLLLLLl 

ure.  At  the  commencement  of  a  trace,  we  nuty  suppose  half  of 
(hem  to  be  raised ;  the  remainder  being  down,  the  screen  at  the 
top  of  the  index  completely  excludes  all  other  light  from  the  pa^ 
per  than  the  pencil  passing  through  its  own  dit ;  but  if  the  barom* 
eter  falls  beyond  a  certain  amount,  the  edge  of  the  screen  will  at 
kngth  pass  beyond  the  last  slider,  leaving  a  portion  of  the  paper 
AUly  exposed ;  in  such  a  case,  one  or  more  sliders  are  put  down : 
if  on  the  other  hand  the  barometer  rises  to  a  certain  amount,  the 
light  will  at  length  fall  on  the  apace  covered  by  the  sliders,  and 
it  becomes  necessary  to  raise  some  of  them;  in  this  way,  the 
black  bands  caused  by  the  accidental  exposure  of  the  paper, 
under  extreme  movements  of  the  barometer,  may  be  avoided. 

The  cylinder,  with  the  two  fixed  lenses,  the  time  piece,  and 
the  upper  end  of  the  barometer  index,  are  all  included  under  a 
second  or  external  case,  provided  with  apertures  for  the  admission 
of  the  rays  of  light,  aiul  with  a  Ud  at  the  top  to  allow  access  to  the 
eliding  screens  of  (he  barooieter.  The  apertures  are  of  the  same 
width  as  the  fixed  lenses,  and  each  provided  with  double  sliders 
by  which  they  can  be  contracted  at  pleasure ;  that  appropriated  to 
the  magnetical  trace  is  protected  by  a  long  rectangular  tube,  the 
effect  of  which  is  so  complete,  that  <<  not  the  slightest  diflbreDce 
can  be  perceived  on  the  paper  whether  bright  daylight  is  freely 
admitted  into  the  room  or  wholly  excluded." 
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Every  part  of  the  appanftas  from  which  light  can  be  reflected; 
directly  or  indirectly,  to  the  paper,  is  carefully  blackened. 

I  hare  described  the  apparutos  at  some  length,  because  with 
tin  exception  of  the  speculum,  the  cylinder  itself,  the  time  piece^ 
and  the  ttit>e  of  the  barometer,  all  of  which  must,  at  present,  prob* 
ably,  be  procured  from  Europe,  there  is  nothing  which  an  ingem 
ions  mechanic  might  not  execute  at  a  small  cost ;  the  fixed  lenses 
shoold  perhaps  be  added ;  but  a  simple  substitute  for  them  may  b* 
found  in  a  well  blown  cylinder  of  thin  glass  filled  With  alcohol^ 
as  was  indeed  employed  by  Mr.  Brooke  in  his  first  instrument. 
The  more  expensive  lenses  at  present  in  use  are  manufactured  by 
Lereboars  of  Paris,  and  may  be  described  as  lenticular  prisms 
having  a  double  convex  section,  but  forming  a  flat  bar,  which  is 
from  seven  to  eight  inches  long  and  one  inch  and  a  quarter  wide 
for  the  magnetical  curve,  and  about  five  inches  long  for  that  of  the 
barometer  and  base  line.  Each  lens  is  mounted  on  a  light  frame 
which  slides  in  a  groove  so  as  to  admit  of  adjustment  of  focua 
The  focus  is  rather  improved  by  covering  a  portion  of  the  margin 
of  the  lens. 

b  is  advisable  on  the  first  adjustment  to  bring  the  centre  of  the 
mirror,  of  the  cylinder,  and  of  the  slit  before  the  lamp,  into  the 
same  horizontal  plane,  and  to  establish  some  marks  for  its  recov«- 
ery  in  successive  adjustments,  as  much  of  the  perfection  of  the 
focus  depends  upon  this  circumstance.  If  it  is  found  that  the 
mirror  when  thus  adjusted,  throws  the  image  of  the  slit  too  high, 
or  too  low,  its  own  inclination  must  be  altered  by  introducing  a 
small  wedge  of  cork  behind  it.  Small  derangements  produced 
by  spontaneous  alterations  in  the  length  of  the  suspension  silk 
may  be  corrected  by  raising  or  lowering  the  lamp,  and  must  be 
cafefully  attended  to. 

A  perfectly  good  trace,  according  to  the  experience  of  the  wri- 
ter, presents  a  sharp  edged  dark  line,  of  a  purple  tint,  upon  a  yel- 
lowish ground.  The  lineal  value  of  one  hour  in  time,  is  one  inch 
and  two-tenths  (nearly),  the  value  of  a  full  revolution  appears  to 
diSet  in  different  traces  (from  unequal  expansion  and  contraction 
of  the  paper)  to  the  amount  in  the  most  extreme  cases  of  about 
one^tenth  of  an  inch,  upon  a  total  length  of  nearly  fourteen  and 
fonrHenths ;  but  it  will  be  evident  that  the  precise  equality  of  the 
different  hours  will  depend  in  some  meastjre  upon  the  regularity 
of  the  cylinder's  form,  and  the  precision  with  which  it  is  centered. 
There  appears  to  be  considerable  diversity  in  the  character  of  the 
tnces  produced  by  different  observers,  owing  both  to  differences 
of  treatment,  and  to  impurities  in  the  chemical  materials.  The 
yellow  groutid  alluded  to,  is  probably  the  effect  of  the  large  propor- 
tion €f(  iodid  of  potassium  employed,  the  object  of  which  is,  to  in- 
sure the  permanence  of  the  effect  for  the  long  period  of  t  wenty-fonr 
faomsy  during  which  a  port  of  it,  at  least,  is  to  be  maintained  upon 
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the  surfaoe  of  the  paper ;  when  a  less  qtiantity  of  iodid  it  nsed, 
the  paper  appears  to  have  a  neutral  tint :  in  this  caj«,  the  beginning 
of  the  trace  can  sometimes  be  with  difficulty  developed.  The 
greatest  care  must  be  taken  not  only  to  prevent  the  least  inter- 
mixture of  substances,  and  to  confine  each  vessel,  and  each  cloth, 
as  well  as  each  brush  strictly  to  one  use,  but  also  to  wash  all  the 
brushes  very  carefully  in  pure  water  after  use,  not  only  for  their 
preservation,  but  because  the  presence  of  deposit  from  old  solti- 
tions,  even  of  the  same  kind,  has  an  injurious  effect. 

A  room  of  12  x  15  feet  is  all  that  is  absolutely  needed  for  a  sin^ 
gle  instrument.  It  will  be  found  very  desirable  to  have  a  small 
cistern  of  soft  water  in  it,  provided  with  a  stop  cock,  and  with  a 
sink  and  waste  water  pipe  attached  ;  the  sink  should  have  a  lid 
to  allow  the  paper  to  be  kept  iu  darkness,  when  convenient,  with- 
out darkening  the  room :  if  to  this  we  add  two  or  three  broad 
shelves,  or  small  tables  and  conveniences  for  washing  the  hands, 
its  equipment  will  be  complete. 

The  future  comparison  of  traces  will  be  greatly  facilitated  if 
they  all  include  the  same  period  of  absolute  time.  Each  register 
at  Toronto  begins  at  20'  after  6*^  of  Gottingen  mean  time,  and 
terminates  at  6a  0^  of  the  following  day,  beitig  nearly  at  Toronto 
noon. 

'^  A  continuous  registration  of  the  variations  of  the  thermome- 
ter has  been  obtained  by  intercepting  the  focal  line  of  light  farmed 
on  the  paper,  by  the  stem  of  a  thermometer  having  a  wide  flat 
bore,  a  sufficient  quantity  of  light  passes  through  the  empty  por- 
tion of  the  bore  to  darken  the  paper,  but  it  is  entirely  excluded 
from  the  portion  occupied  by  the  mercury.  The  register,  there- 
fore, consists  of  a  light  and  dark  space,  separated  by  a  well  de- 
fined boundary  line  the  distance  of  which  from  the  tese  line  will 
furnish  the  required  indication.  This  particular  application  of  the 
apparatus,  prefers  no  claim  to  novelty,  as  a  very  similar  means  of 
registering  the  variations  of  the  tliermometer  has  been  already 
published,  (Engineer's  Hagazine,  Nov.,  1845,)  and  is  here  intro- 
duced merely  as  forming  a  necessary  part  of  a  complete  automa- 
tic meteorological  registration." 

Allusion  has  been  made  at  the  commencement  of  this  article, 
to  the  action  of  light  upon  silvered  plates,  as  one  of  the  modes  of 
effecting  the  self- registration  of  magneticai  instruments.  The 
apparatus  referred  to  is  the  invention  of  Mr.  Ronalds,  and  al- 
though capable  of  employing  either  paper  or  metallic  surfacets,  is 
properly  designed  for  the  latter,  and  is  essentially  a  daguerreotype. 
An  instrument  on  this  principle  was  sent  from  England  for  the 
Magnetic  Observatory  in  August  last,  but  by  accident  to  the  ves- 
sel, has  not  yet  been  receiv^  there,  and  cannot  now  be  brought 
into  operation  before  June,  1850.  It  is  intended  to  register  the  hor- 
izontal force,  and  differs  essentially  in  nuuiy  respects  from  the  ap- 
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ptoitns  of  Mr.  Brooke.  A  bifilar  magnet  adjusted  in  the  ordinary 
way,  carries  a  light  movable  screen,  passing  before  the  gbject  glass 
(rf'a  camera,  which  faces  a  north  window,  at  the  distance  of  four 
or  five  feet.  It  acts  therefore  by  refraction,  instead  of  reflection. 
The  ray  which  passes  through  the  screen  is  received  upon  a  sil- 
vered plate  prepared  by  the  common  daguerreotype  process,  some- 
what modified  to  adapt  it  to  a  slow  and  long  continued  action. 
The  plate  is  made  to  travel  slowly  before  the  light  in  a  vertical 
plane,  by  the  action  of  a  time  piece :  the  distance  of  its  surface 
from  the  centre  of  the  magnet  being  about  thirty-four  inches,  a 
snfficiently  large  scale  is  allowed  to  render  sensible  very  small 
movements  of  the  horizontal  force,  provided  a  due  degree  of  sen* 
sibility  is  given  to  the  balance  of  forces  by  which  the  magnet  it- 

P 
self  is  held  in  equilibrium.    In  other  words,  provided  the  ratio  q) 

in  the  common  notation,  is  made  to  approach  nearly  to  unity.  Mr. 
Ronalds  has  succeeded,  in  the  climate  of  London,  in  producing 
effects  by  natural  light  so  late  as  8  p.  m.  in  the  s".mmer.  For  the 
noctmmal  portion  of  the  curve  a  powerful  argand  lamp  is  em  ployed. 

The  relative  merits,  in  practice,  of  the  two  valuable  and  ingen- 
ious inventions  now  described,  can  scarcely  be  stated  at  present. 
That  of  Mr.  Brooke  has  probably  the  advantage  in  economy  and 
facility;  that  of  Mr.  Ronalds  will,  it  is  expected,  prove  capable  of 
a  higher  degree  of  precision,  and  it  offers  a  convenience  of  which 
the  inventor  has  already  availed  himself.  Any  trace  of  unusual 
interest  can  at  once  be  engraved  on  the  plate,  thus  giving  the  ut- 
most possible  accuracy  and  facility  to  graphical  comparisons.  It 
is  not  intended  however  under  ordinary  circumstances  to  retain 
the  impressions,  but  after  recording  every  particular  of  interest, 
and  tabulating  the  hourly  or  other  ordiuates,  or  taking  a  copy  of 
the  traces,  to  clean  them  off  and  make  use  of  the  plate  again  as 
long  as  the  silvering  lasts. 

In  conclusion  the  writer  begs  leave  to  add  that  should  the  fore- 
going account  lead  to  the  establishment  of  any  instruments  of  the 
kind,  he  will  have  pleasure  in  giving  any  further  information  in 
his  power  in  answer  to  personal  enquiry.  Withtrnt  presenting 
facsimiles,  it  is  difficult  to  convey  an  idea  of  the  interest  attaching 
to  many  of  the  movements  which  have  been  registered,  but  the 
important  information  which  such  records  are  calculated  to  afford 
as  to  the  periodicity  of  certain  movements,  the  nature  and  degree 
of  local  anomalies  in  disturbances  of  the  magnetical  elements, 
the  effect  of  Aurora,  and  many  other  enquiries,  will  occur  imme- 
diately to  any  one  interested  in  terrestrial  magnetism,  and  it  is 
hoped  secure  the  adoption  of  a  register  upon  one  or  the  other 
principle,  by  more  than  one  of  the  numerous  scientific  establish- 
ments in  the  United  States. 

Toronto,  January  21, 1S50. 
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Postscript. — In  the  foregoing  account  of  the  instniment  of  Mr. 
Brooke,  it^has  been  assumed  that  the  arm  of  the  cylinder  is  con<^ 
nected  directly  with  the  hour  hand  of  the  time  piece,  making  it 
therefore  revolve  once  in  twelve  hours.  The  effect  of  this  arrange* 
ment  is,  that  when  the  paper  is  left  on  for  twenty*four  hoars,  we 
have  two  traces,  which  sometimes  intersect  in  such  a  manner,  as 
to  make  it  difficult  to  distinguish  to  which  revolution  portions  of 
them  are  due.  The  writer  has  recently  succeeded,  by  a  very 
simple  arrangement,  in  making  the  cylinder  revolve  but  once  in 
twenty  hours,  and  thus  remiedying  this  inconvenience.  Two 
small  grooved  wheels  mounted  on  a  light  frame,  one  having  a  di» 
ameter  exactly  double  that  of  the  other,  are  connected  by  a  pieos 
of  fine  silk  twist.  The  smaller  one  being  then  connected  with 
the  hour  hand,  by  a  crank,  and  the  larger  one  with  the  cylinder, 
it  is  evident  that  the  object  is  effected. 

This  reduces  the  time  scale  to  six-tenths  of  an  inch  for  one 
hour,  which  is  fully  equal  to  the  scale  that  has  been  generally 
adopted  in  the  engraved  diagrams  of  term  day  and  other  move- 
ments, and  is  considered  large  enough  for  almost  every  purpose 
to  which  diagrams  can  be  applied,  while  it  gives  great  facility  to 
comparisons,  and  a  much  more  distinct  representation  of  the  di- 
urnal curves. 


Art.  XXXllL-^Influence  of  the  known  Laws  of  Motion  on  the 
Expansion  of  Elastic  Fluids  ;  by  Eli  W.  Blakk. 

That  under  the  controlling  influence  of  the  known  laws  of 
motion,  elastic  fluids  must  expand  according  to  some  definite  and 
invariable  law,  is  an  obvious  truth  and  one  which  has  often  been 
recognized  by  mathematicians.  But  the  determination  of  that 
law  is  a  problem  which  hitherto,  it  is  believed,  has  not  been 
solved.  There  are  many  interesting  points  in  mechanics  and 
physics,  in  relation  to  which  the  present  state  of  knowledge  is 
imperfect,  which  depend  for  their  correct  and  complete  develop- 
ment, in  part  at  least,  on  a  solution  of  this  problem.  It  is  ther^ 
fore  a  point  of  some  interest  to  science.  It  is  our  purpose  in  this 
artk^le  to  solve  this  problem  ;  and  we  shall  do  so  by  employing  a 
method  similar  in  part  to  that  employed  in  solving  the  problem 
of  the  propagation  of  jKilses  in  elastic  media,  ii  ser.,  vol.  v,  p.  372, 
of  this  Journal. 

Before  entering  upon  the  investigation  we  will  here  stare  one 
curious  and  remarkable  fact  which  the  investigation  discloses. 
We  advert  to  it  here  because  a  fact  so  much  at  variance  witk 
preconceived  notions  may  be  interesting  to  those  read«^  who  wiQ 
not  care  to  follow  out  the  mathematical  details  of  this  article. 
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When  a  fluid  passes  by  free  expansion  from  one  state  of  density 
to  another,  we  dionld  naturally  suppose  that  it  must  pass  through 
all  the  intermediate  states  of  density  that  can  be  assigned  between 
the  two.  Such  appears  to  have  been  the  notion  of  every  writer 
who  has  made  reference  to  this  point ;  and  at  first  view  it  would 
seem  absurd  to  suppose  that  the  fact  could  be  otherwise.  But 
8Qch  is  not  the  way  in  which  elastic  fluids  expand.  On  the  con- 
trary the  parts  of  the  fluid  successively  and  instantaneously  change 
their  density,  to  the  extent  of  one  half  (when  free  to  expand  to 
that  extent)  without  passing  into  the  intermediate  states.  As 
vapor  is  thrown  ofl*  from  the  surface  of  water  in  a  tenuious  state 
ab  iniiiOj  and  without  having  first  passed  into  those  states  of  den« 
sity  which  are  intermediate  between  the  density  of  the  water 
and  that  of  the  vapor,  so  a  column  of  rarefied  fluid  is  thrown  off 
from  the  front  of  a  denser  column ;  each  infinitesimal  element  of 
the  highest  order  of  the  denser  column,  being  succesively  and 
instantaneously  transformed  to  the  more  rare  state.  And  as  the 
change  of  density  is  instantaneous,  so  likewise  the  entire  velocity 
due  to  that  change  is  imparted  instantaneously  to  each  element 
successively. 

But  to  proceed  with  the  investigation  ;  suppose  a  straight  tnbe 
of  uniform  calibre  extending  indefinitely  in  both  directions  from 
a  given  point.  Suppose  the  tube  on  one  side  of  this  point  to  be 
filled  with  a  column  of  fluid  of  the  density  D,  indefinitely  expan* 
flible,  and  always  maintaining  the  same  ratio  between  its  density 
and  elastic  force  when  it  expands;  and  suppose  the  other  portion 
of  the  tube  a  perfect  vacuum.  It  is  required  to  determine  the 
hw  according  to  which  the  fluid  expands  into  the  vacuum ;  so 
that  we  may  be  able  to  assign  the  precise  state  of  the  fluid,  in 
respect  to  density  and  velocity,  at  each  and  every  point  of  the 
tube  after  the  lapse  of  any  given  time  from  the  commencement 
of  expansion. 

Since  the  elastic  force  is  always  as  the  density,  D  may  repre- 
sent both  the  density  and  the  elastic  force.  The  force  D  acts 
during  the  first  instant  in  every  ))art  of  the  column,  and  in  every 
direction;  and  therefore  during  that  instant  every  part  of  the 
oolunan  is  kept  in  equilibrio  except  the  first  element.  Conse- 
quently in  the  first  instant  expansion  takes  place  in  the  first  ele- 
ment only ;  and  as  the  whole  force  D  acts  during  that  instant, 
the  parts  of  this  element  must  receive  such  velocities  that  the 
sum  of  their  momenta  shall  be  equal  to  that  due  to  the  action  of 
the  constant  force  D  during  that  time.  It  is  obvious  that  the 
termination  of  the  first  instant  ooincides  with  the  commencement 
of  motion  in  the  second  element ;  also  that  motion  will  not  com- 
mence in  the  second  element  until  the  density  in  front  of  it  has 
been  to  some  extent  reduced.  Let  the  ratio  in  which  it  is  re- 
duced before  motion  begins  in  the  second  element  be  represented 
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by  '*    TbeD  the  density  of  the  posterior  part  of  the  expanded 

D 
element  at  the  end  of  the  first  instant  is  —  *    Now  for  reasons 

X 

which  will  soon  be  apparent,  all  the  other  parts  of  the  expanded 
element,  whatever  may  be  their  present  state  of  density,  may  be 

D 

considered  as  having  passed  first  into  the  density  —  *    But  at  the 

D 

same  time  that  the  grade  —  began  to  form  in  front  of  the  column, 

X 

that  grade  itself  must  have  begun  to  expand  again  m  the  same 

D 

ratio,  forming  another  grade  -7-    And  at  the  same  time  that  the 

D 

grade  77  began  to  form,  that  likewise  must  have  begun  to  expand 

D 

in  the  same  ratio  forming  a  grade  -r,  and  so  on  ad  infinitum. 

The  grades  therefore  will  correspond  to  the  terms  of  an  infinite 
series  in  decreasing  geometrical  progression.  All  of  them  origin- 
ate sifHuUaneoualy  in  the  first  element ;  and  yet  every  grade 
respectively  may  be  considered  as  having  passed  into  and  out  of 
all  the  grades  which  precede  it ;  inasmuch  as  each  in  its  origin  is 
a  conslUuenl  part  of  that  which  precedes  it.  The  fluid  which 
passes  into  any  one  of  these  grades  in  the  first  instant  does  not 
all  of  it  pass  into  the  next  in  the  same  time ;  for  equal  quantities 
by  fiieasure  expand  in  equal  ratios  in  equal  times ;  and  since  a 
given  quantity  by  measure  in  any  one  grade  becomes  a  larger 
quantity  by  measure  when  expanded  into  the  next  grade,  a  por- 
tion will  have  been  left  at  the  end  of  the  first  instant  in  each  grade 
which  has  not  expanded  into  the  next.  Hence  at  the  end  of 
the  first  instant  the  first  element  of  the  column  will  have  been 
distributed  into  portions  or  grades,  having  their  respective  den- 
sities corresponding  to  the  terms  of  the  infinite  series 

D   D    D    D 

^'^'^'7.'&c.  (A) 

If  we  extend  this  series  backward  one  term  we  obtain  the  series 
D  D  D  D 

Since  equal  quantities  by  measure  pass  out  of  each  of  them  states 
in  a  given  time,  if  s  be  the  space  occupied  by  the  original  elentent, 
and  if  we  multiply  each  of  the  terms  of  the  series  (B)  by  s,  then 

Ds  Ds  T)s  Ds 

the  terms  of  the  resulting  series  Ds,  ~»  ~ ,'  77*  r;i»  &c.  (C)' 

XXX     ^x 

will  severally  express  the  quantities  of  fluid  that  expand  firom 
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«ach  grade  respectively  into  the  next.  Now  since  fluids  expand- 
ing in  equal  ratios  acquire  equal  velocities,  equal  velocities  are 
acquired  in  eacb  of  these  expansions.  If  then  we  find  that  ve- 
locity ^nd  by  it  multiply  the  sum  of  the  series  (C),  the  product 
will  be  the  stim  of  the  momenta  generated  in,  or  imparted  to,  the 
parts  of  the  first  element  in  the  time  in  which  the  point  of  expan- 
sion recedes  through  s. 
If  the  quantity  Ds  be  expanded  from  the  density  D  to  the  den- 

D 

sity  -  i  the  space  it  will  occupy  will  be  increased  in  the  inverse 

D 

ratio  of  these  densities ;  and  therefore  -  :  D :  Is :  sar.  Hence  s  and 

X 

sx  are  respectively  the  spaces  occupied  by  the  element  before  and 
after  the  first  expansion.  Now  the  velocity  which  the  mass  Ds 
receives  in  this  expansion,  is  obviously  that  which  would  carry  it 
over  the  difference  between  these  spaces  in  the  time  in  which 
the  expansion  takes  place ;  that  is,  the  velocity  imparted  in  the 
first  expansion  is  sx-^s^s.x^i]  and  the  same  velocity  is  im- 
parted in  every  other  expansion.  If  then  we  multiply  the  sum 
of  the  series  (C)  by  s.FTi,  the  product  will  be  equal  to  the  sura 
of  all  the  momenta  generated  in  the  parts  of  the  element.  This 
product  is  D^'j:.  Therefore  T>s^x  is  the  entire  amount  of  mo- 
mentum which  the  force  D  is  competent  to  generate  in  the  time 
in  which  the  point  of  expansion  recedes  through  s. 

We  will  now  proceed  to  find  another  expression  for  the  mo*- 
mentum  which  the  force  D  is  competent  to  generate  in  the  same 
time,  in  order  that  by  comparing  it  with  that  just  found,  we 
may  ascertain  the  value  of  x. 

Let  H  be  the  height  of  a  column  of  fluid  of  the  density  D, 
whoee  weight  is  equal  to  the  elastic  force  D;  and  let  H  -A  be 
the  height  of  another  column  of  the  same  density  whose  weight 

D  D 

is  equal  to  the  elastic  force  ~-    Then  D  :  - :  :H  :  H— A.    Let 

mn  be  the  space  occupied  by  the  first  element    m n      * 

at  the  density  D,  and  ms  that  which  it  occupies  '       ' 

D 

when  expanded  to  the  density  ■^'     Since  the  spaces  occupied 

by  the  element  in  these  states  are  inversely  as  the  densities, 

mn  :  nw: :-:  D:  :H- A  :  H,  and  therefore 

.     ^        .  ,     .    ^    hxms 

fM-m  :  ms:  :H- A  :  H;    whence  we  obtam  H=— - — 

'  sn 

In  the  time  in  which  the  point  of  expansion  recedes  through 
mn,  the  element  Ds  receives  a  velocity  which  will  carry  it  over 
«n  in  the  same  time.    If  then  mn  represent  the  velocity  of  the 

Sbooitd  Snun,  YoL  IX,  Na  S7.— May,  1S60.  48 
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point  of  expansion,  sn  will  represent  the  velocity  imparted  to  the 
fluid  by  the  first  expansion.  Consequently,  the  retrogressive  ve- 
locity of  the  point  of  expansion  must  be  sooh  that  in  the  tioae  in 

which  it  passes  over  any  space,  the  fofoe  D—  -  niay  give  to  alt 

the  fluid  in  that  space  the  velocity  $n.    Hence  the  point  of  ex- 

D 
pansion  will  run  over  A  in  the  time  in  which  the  force  D-r 

will  give  to  all  the  fluid  in  h  the  velocity  tn.    But  the  force 

D 
D  -  -  is  equal  to  the  weight  of  all  the  fluid  in  h.    Therefore  the 

point  of  expansion  runs  over  h  in  the  time  in  which  the  mass  A 
would  in  falling  by  its  own  gravity  acquire  the  velocity  sn.  The 
time  in  which  a  falling  body  acquires  the  velocity  sn  is  to  that 
in  which  it  would  acquire  the  velocity  of  the  point  of  expansion, 
or  mn  as  5n  to  mn ;  and  the  spaces  over  which  the  point  of  ex* 
pansiou  would  run  in  these  times  are  in  the  same  ratio.  There- 
fore  putting  S  for  the  space  which  the  point  of  expansion  would 
run  over  while  a  falling  body  would  acquire  the  velocity  of  the 
point  of  expansion,  we  have  sn:mn::A:S,or,tn:ms-ffi:  :A:S; 

A  X  nts 

whence  we  obtain  Sas— — --A.    But  we  have  before  found 

sn 

_    hxms 

Hac— — —  Therefore  S«tH  -  A ;  that  is,  the  point  of  expan- 
sion will  run  over  H  -  A  in  the  time  in  which  a  falling  body  will 
acquire  the  same  velocity.  Consequently  the  velocity  of  the 
point  of  expansion  is  that  which  a  body  will  acquire  by  falling 

through  — 2 — 

If  the  force  D  act  on  the  mass  H  during  the  time  that  mass 
would  fall  through  H,  it  would  give  that  mass  a  velocity  which 
would  carry  it  over  2H  in  the  same  time,  because  the  force  D  is 
equal  to  the  weight  of  the  mass.  The  mean  velocity  of  a  body 
falling  through  H  is  that  which  will  be  acquired  by  falling 

H 

through  -^-    If  then  the  point  of  expansion  moved  with  the  ve- 

locity  acquired  by  a  body  in  falling  through  -r*   in  the  time  of 

passing  over  H,  the  force  D  would  be  competent  to  give  to  all 
the  fluid  in  H  a  velocity  which  would  carry  it  over  2H  in  the 
same  time ;  and  consequently  in  the  time  of  passing  over  s  it 
would  give  to  the  mass  Ds  a  velocity  which  would  in  the  same 
time  carry  it  over  2^.  But  the  point  of  expansion  as  before 
shown,  moves  with  the  velocity  acquired  by  falling  thron^^ 


Digiti 


zed  by  Google 


QntkBBspaH$iMtfEla$iiePIukk.  339 

—J —    Now  the  velocity  due  to  j  is  to  that  due  to      q      as 

/H  /H-A 

V  "4  to  V^  ""2~"'  ***^  ^**®  '™^  *"  which  the  point  of  ex- 
pansion would  move  over  s  with  these  velocities,  are  inversely  as 

J.  J_ 

these  velocities,  or  as  v  -j  to  V  — 2~'  ButD:-::H:H-A, 

and  therefore  these  times  are  as  \/-i  to  \/ Qi»   or  as  2  to 

\/2r.  The  velocity  which  the  force  D  can  impart  in  these  times 
is  as  the  times  respectively.  And  since  it  has  been  shown  that 
in  the  former  of  these  times  the  velocity  2$  will  be  imparted  by 

Zs\/2x 
the  force  D,  we  ha^e  2  :  ^/2^!  :2s  :  — g"  =  ^^**'     '^^^  ^ 

the  veiodijf  which  the  force  D  is  competent  to  impart  to  the  mass 
D$  in  the  time  in  which  the  point  of  expansion  recedes  through 
s,  is  sv^27.  Consequently  the  tnomerUum  which  the  force  D  can 
impart  in  the  same  time  is  Ds'\/2x.  But  we  have  before  found 
this  momentum  to  be  Da'z.  Therefore  Ds'x^^Ds*  ^/2x ;  whence 
jrssV'2r  and  x^s^. 

Having  thus  found  the  absolute  value  of  x,  if  we  substitute 
this  value  for  x  in  the  series  (A)  we  shall  have,  for  the  densities 
of  the  several  parts  or  grades  into  which  the  first  element  will 
have  been  distributed  at  the  end  of  the  first  instant,  the  respective 

^   .    r„  .      DD,D  D    D   ^ 

terms  of  the  following  series,  viz.,  g »  ^   8'  16'  64' 

We  found  the  velocity  of  the  point  of  expansion  to  be  that 

H-A 
which  a  body  will  acquire  by  fidling  through  —g— ;  the  value 

of  h  being  dependent  on  the  value  of  x.     But  when  x^2j 

H  —  A    H 

— s — «=-2*    Therefore  the  absolute  velocity  of  the  point  of  ex- 

pansioa  is  that  which  a  body  will  acquire  by  falling  through  j> 

or  one  fourth  of  the  subtangent  of  the  fluid. 

Since  the  extent  of  the  element  is  doubled  by  the  first  expan* 
tion,  the  velocity  of  the  first  grade  will  be  equal  to  the  velocity 
of  the  point  of  expansion,  or  that  due  to  one  fourth  of  the  sub- 
tangent;  and  an  equal  additional  velocity  is  imparted  in  each 
succeeding  expansion.    If  then  v  represent  the  velocity  due  to 
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one  fourth  the  subtangent  of  the  fluid,  the  absolute  velocities  of 
the  several  grades  respectively  will  be  expressed  by  the  respective 
terms  of  the  series  v,  2v,  3v,  4t?,  6v,  &c. 

Since  one  element  ==^5  by  measure  passes  from  each  grade  into 
the  next,  and  becomes  =2s  in  the  next,  the  length  of  each  grade 
at  the  end  of  the  first  instant  =25— s=«.  That  is,  the  length 
of  each  grade  is  equal  to  that  of  the  original  element ;  and  the 
place  of  the  first  grade  is  that  which  was  occupied  by  the  original 
element ;  the  other  grades  succeeding  it  in  continuous  order. 

Having  now  ascertained  the  state  of  things  at  the  end  of  the 
first  instant,  let  us  inquire  what  takes  place  in  the  second  instant 

It  is  obvious  that  during  the  second  instant  the  front  of  the 
second  element  of  the  column,  and  also  the  front  of  each  grade 
respectively  is  a  point  of  expansion  from  which  one  element  =s 
by  measure  passes  into  the  next  grade.  Thus  in  the  second 
instant  each  grade  receives  an  addition  of  2^  to  its  rear  and  loses 
Is  from  its  front  The  same  takes  place  in  every  succeeding 
instant  Since  the  increment  of  the  length  of  the  grades  for  each 
instant  is  s,  the  velocity  of  the  increase  is  t?.  The  length  of  the 
grades  is  therefore  always  equal  to  the  space  through  which  the 
point  of  expansion  has  receded  in  the  column.  Thus  while  the 
length  of  the  grades  increases  with  the  uniform  velocity  v,  their 
number,  velocity  and  density  remain  unchanged.  Consequently 
no  other  gradations  of  density  can  exist  in  front  of  a  column  ex- 
panding into  a  vacuum,  but  those  which  correspond  to  the  terms 

D  D  D  D 
of  the  infinite  geometrical  series  2'  4 '  8 '  l6'  ^^' '  ^^^  °^  other 

gradations  of  velocity  but  those  which  correspond  to  the  terms  of 
the  infinite  arithmetical  series  r,  2r,  3r,  4r,  &c. 

The  point  of  expansion  in  the  column  recedes  with  the  velo- 
city v;  and  since  the  length  of  the  first  grade  is  always  equal  to 
the  space  through  which  that  point  of  expansion  has  moved,  it 
follows  that  the  point  of  expansion  from  the  first  into  the  second 
grade  is  stationary.  And  since  the  second  grade  increases  ia 
length  with  the  velocity  r,  the  third  point  of  expansion  moves 
forward  with  the  velocity  v;  and  since  all  the  other  grades 
increase  in  length  with  the  same  velocity  v,  the  velocities  of  the 
several  points  of  expansion  will  be  expressed  by  the  following 
series  —  t?,  0,  v,  2v,  3r,  4r,  &c. 

In  order  to  give  a  synopsis  of  the  results  to  which  we  have 
come,  let  AB  be  a  column  .of  fluid  of  the  density  D,  expanding 
into  a  vacuum  toward  G.  Let  the  velocity  due  to  a  height  equal 
to  one  fourth  of  the  subtangent  of  the  fluid  be  v.  Suppose  ex- 
pansion to  have  commenced  at  B,  and  the  point  of  expansion  to 
have  receded  to  any  distance  n.  Set  ofl*  from  B  an  infinite  num- 
ber of  spaces  Ba,  a6,  be,  cd^  &c.,  each  equal  to  Bn.  Then  the 
points  n,  B,  a,  6,  c,  c{,  &€.,  are  the  places  of  the  points  of  expan- 
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8ton,  and  the  boondaried  of  the  several  grades,  or  parts  having 
different  degrees  of  density  and  velocity,  into  which  the  original 
mass  Bn  has  been  distributed. 

A  n  B  a  b  e  d 

.     &c. 


Between  these  points  respect- 

.,,,..  DDDDD 

ively  the  densities  are  *2*4*8'l6'6i'  ^^* 

The  velocities  are  .    v   .  2v  .  3v  .  4v  ,  5v  .  &c. 

These  points  move  toward  C 

with  the  velocities  -r        0       v     2v      3v    4v6cc. 

and  relatively  to  each  other,  and 
to  the  fluid,  with  the  velocities     v        v      v      v       v       v 

As  corollaries  from  the  preceding  investigation  we  may  state 
the  following  propositions. 

1.  No  other  gradations  of  density  can  exist  in  front  of  a  column 
of  fluid  which  is  expanding  towards  a  vacuum  except  those 
which  are  found  by  successive  divisions  of  the  original  density 
by  2. 

2.  The  change  of  density  in  the  fluid  in  passing  from  one  of 
these  grades  to  the  next  is  not  gradual^  but  instantaneous ;  so 
that  the  grades  are  constantly  separated  from  each  other  by  a 
mere  imaginary  plane. 

3.  No  other  velocities  can  exist  among  the  parts  of  a  fluid 
which  is  expanding  toward  a  vacuum  but  such  as  are  multiples 
of  the  velocity  which  a  body  will  acquire  by  falling  through  one 
fourth  of  the  subtaugent  of  the  fluid. 

4  The  velocity  imparted  to  the  particles  of  an  expanding 
fluid  is  not  the  result  of  a  continual  and  gradual  acceleration, 
but  of  successive  itistantaneous  increments  equal  to  that  which 
a  body  will  acquire  by  falling  through  one  fourth  of  the  subtau- 
gent of  the  fluid. 

It  now  remains  to  consider  the  mode  of  expansion  when  the 
fluid  is  not  free  to  expand  indefinitely,  but  has  its  expansion  arrest- 
ed at  some  given  density  d. 

It  is  obvious  that  if  d  correspond  in  value  to  any  of  the  terms 
of  the  series,  the  manner  of  expansion  up  to  that  point  will  be 
the  same  as  if  the  expansion  were  continued  indefinitely.  There 
will  therefore  be  in  the  expanding  fluid,  in  such  case,  so  many 
grades  corresf)onding  to  the  terms  of  the  series,  as  there  are  of 
complete  terms  intervening  between  D  and  d.  But  let  us  inquire 
what  takes  place  when  d  does  not  correspond  to  any  of  the  terms 
of  the  series.  First,  suppose  dio  he  greater  than  the  first  term. 
Then  from  what  has  been  before  shown,  the  velocity  of  the  point 
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of  expansion  is  that  which  a  body  will  aoqnire  by  falling  throogh 
H  -  A 
2      when  H  •  A  is  the  height  of  a  column  whose  weight  is 

equal  to  the  elastic  force  of  the  expanded  fluid ;  also  that  the 
Telocity  of  the  point  of  expansion  is  that  due  to  the  height  j 

when  the  expansion  is  from  D  to  ^  '    These  velocities  are  as 

/H  /H-A      , 

V  J  to  V    "  2     *°^  ^^^  H  :  H  -  A:  :D  :  d,  those  velocities 

/D         /d  D 

are  as  V^  ^  to  \/-  2  *    The  velocity  due  to  ^  is  r.    Hence  we 

/D         /d  /2d 

have  V  4  •  V  o-  -^  *  ^^  0-=  velocity  of  the  point  of  ex- 
pansion in  this  case. 
Let  us  next  find  the  velocity  of  the  fluid.     The  times  of  run- 

/D 

ning  over  a  by  the  point  of  expansion,  with  the  velocities  V^  j 

and  \/  2  ^^  inversely  as  these  velocities ;  and  the  velocities  im- 
parted to  the  mass  Ds  in  these  times  are  as  the  products  of  the  tiroes 
by  the  respective  forces.     When  the  velocity  of  the  point  of  ex- 

/D  D 

pansion  was  \/  j  the  force  was  o  and  the  velocity  of  the  fluid 

was V.    The  force  in  the  present  case  is  D-d.    Hence  we  have 
p 

2     D-rf  D-rf 

— -j=v  :  — -Tfllvivy/i  '  --^jv^=  velocity  of  the  fluid  in  this  case. 

V  4     V  2 

Secondly,  suppose  the  value  of  d  to  fall  between  any  two  con- 
secutive terms  of  the  series.  It  is  obvious  that  we  have  now  only 
to  substitute  in  the  expression  last  found  that  term  of  the  series 
which  is  next  greater  than  d  for  D,  and  it  will  then  express  the 
acceleration  due  to  expansion  from  the  last  complete  term  into  the 
fractional  grade. 

To  find  the  retrogressive  velocity  of  the  point  of  expansion, 
relatively  to  the  fluid,  in  the  grade  which  precedes  the  fractional 
grade,  we  must  make  the  like  substitution  of  the  last  complete 

term  for  D  in  the  quantity  v  s/  jj  found  above.  The  retro- 
gressive velocity  of  the  point  of  expansion  in  the  grade  which 
precedes  the  fractional  grade  is  greater  than  in  the  other  grades, 
and  of  course  that  grade  will  be  shorter  than  the  others  in  the 
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mne  ratio.  This  is  the  only  modification  which  a  fractional 
grade  prodnces  in  those  that  precede  it.  In  all  other  respects  the 
mode  of  expansion,  up  to  the  fractional  grade,  corresponds  to  the 
view  presented  in  the  foregoing  synopsis. 

We  are  now  prepared  to  construct  a  formula  for  the  final  ve- 
locity of  a  fluid  which  expands  from  any  density  D  to  any  other 
density  d. 

Let  V  be  the  final  Telocity ;  v  the  velocity  due  to  a  height 
equal  to  one  fourth  the  subtangent  of  the  fluid ;  n  the  number  of 

D  D  D  D 
eompiete  terms  of  the  series  o '  T'  g  *  th«  ^-y  which  intervene 

between  D  and  rf. 

Then  vn  is  obviously  the  velocity  of  the  grade  which  precedes 
the  fractional  grade,  if  there  be  a  fractional  grade.     When  the 

D-rf 
first  grade  is  fractional  we  found  its  velocity  to  be  vy/i  *    .yx» ; 

and  we  also  found  that  to  suit  this  expression  to  the  case  of  a 
fractional  grade  occurring  elsewhere  in  the  range  of  the  series, 
we  are  to  substitute  for  D  that  term  of  the  series  which  is 

D 
next  greater  than  rf.    Now  the  value  of  that  term  will  be  ^ii* 

Making  the  substitution  accordingly,  the  expression  for  the  addi- 
tional velocity  due  to  expansion  into  the  fractional  grade  becomesi 

D    2»rf 
after  reducing,  v^2  •    .guDrf'    ^^  adding  this  quantity  to  vn  we 

obtain  the  final  velocity  of  the  fluid,  resulting  from  its  expansion 
from  any  density  D  to  any  other  density  d.    Hence  the  formula  is 

When  there  is  no  complete  term  of  the  series  between  D  and  d^ 

D-d 
11=0  and  the  above  formula  becomes  V  =  i?\/2  •  "Trv/* 

When  there  is  no  fractional  grade,  that  is,  when  d  is  equal  to 
some  term  of  the  series,  that  part  of  the  formula  beyond  n  equals 
0,  and  then  the  above  formula  becomes  Y^vn. 

Prom  the  general  principles  here  developed  it  is  obvious  that, 
as  in  expansion,  so  likewise  in  condensation^  the  transition  of  an 
elastic  fluid  from  one  density  to  another  is  not  by  gradations 
which  may  be  represented  by  a  curve,  but  abrupt,  instantaneous, 
per  solium  vel  saUus.  Pulses,  therefore,  which  are  propagated 
in  elastic  fluids  partake  of  the  same  character ;  that  is,  the  con- 
densation and  subsequent  reexpansion  of  the  successive  elements 
through  which  the  wave  moves  is  instantaneous.  This  fact  was 
not  known  when  the  article  on  the  propagation  of  pulses,  referred 
to  at  the  commencement  of  this  article,  was  written.  It  however 
does  not  afibet  the  validity  of  the  reasoning  in  that  article. 
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XXXIV.— 0»  the  Rotation  of  the  Plane  of  Polarizatim  of 
Heat  by  Magnetism;  by  MM.  F.  jym  la  Pboyostate  and 
P.  Desains.* 

Shortlt  after  the  brilliant  discovery  of  Prof.  Faraday  of  the 
rotation  of  the  plane  of  polarization  of  light  by  magnetism,  M. 
Wartmann  announcedf  that  he  had  tried  the  same  experiment 
with  radiant  heat.  He  employed  the  heat  of  a  lamp,  which  he 
partially  polarized  by  making  it  pass  through  two  piles  of  mica 
crossed  at  right  angles.  The  electro-magnets  and  a  cylinder  of 
rock-salt  were  placed  between  these  piles,  and  consequently  very 
near  the  thermo-electric  apparatus.  The  galvanometer,  on  the 
contrary,  to  be  preserved  from  the  action  of  the  electro-magnets, 
was  removed  to  a  great  distance ;  but  the  result  was  a  considera- 
ble increase  in  the  length  of  the  circuit,  and  a  diminution  of  sen^ 
sitiveness. 

Notwithstanding  all  these  inconveniences,  which  he  clearly 
pointed  out,  and  which  he  was  not  able  to  overcome,  M.  Wart- 
mann thought  he  observed  that  the  needle  of  the  galvanometer, 
after  having  attained  a  fixed  deviation  under  the  influence  of  the 
radiation  not  intercepted  by  the  piles  of  mica,  was  again  displaced 
and  took  a  fixed  position  different  from  the  first  when  the  current 
was  established,  which  seemed  to  indicate  a  rotation  of  the  plane 
of  polarization  of  heat. 

At  Paris,  some  persons  having  vainly  attempted  to  reproduce 
these  phenomena,  we  have  considered  that  it  would  be  useful  to 
revert  to  these  experiments,  and  to  point  out  a  method  which 
permits  of  making  them  succeed  with  facility. 

We  have  introduced  into  M.  Wartmann's  process  three  princi- 
pal modifications: — 1st,  we  employ  solar  heat;  2ndly,  we  take 
for  polarizing  apparatus  two  [>risms  of  achromatic  spar ;  Srdly,  and 
this  appears  to  us  indispensable,  instead  of  placing  the  principal 
sections  at  90^,  we  arrange  them  so  that  they  make  an  angle  of 
nearly  45°. 

The  employment  of  spars  and  solar  light  permits  of  removing 
the  electro-magnets  to  a  great  distance  from  the  thermo-electric 
pile.  With  respect  to  the  arrangement  of  the  prisms,  the  lavir  of 
Mains  shows  all  the  advantages  which  it  presents.  In  fact,  let 
us  take  for  unity  the  deviation  which  the  solar  ray  transmitted 
through  the  principal  parallel  sections  would  produce,  l^he  de- 
viation, when  the  prisms  form  an  angle  of  45<^,  will  be  cos^  45^ 

So'    If  the  current  is  set  in  action,  and  it  produces  a  rotation  of 


*  From  the  Annales  de  Chimie  et  de  Physique,  October,  1849, — cited  from  Phfl* 
Mag.,  XXXV,  481. 
f  iDstitixt,  May  6th,  1846,  No.  644. 
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the  phne  of  polarization  eqnal  to  dy  the  deviatkm  will  be,  accord* 
iog  lo  the  (lirectioD  of  the  current,  cos'  (45^  -  ^)  or  co8»(45^-f  ^), 
atid  we  shall  then  have,  for  the  difference  of  the  effects  observed 
when  the  current  is  made  to  pass  in  a  contrary  direction, 

cos»  (46°  -a)-.co8«  (46'=>+^)=8in  2d. 

On  placing  the  principal  sections  at  90^,  the  difference  of  the 
deviations  would  be  only 

cos>  (90^  -  ^)  -  cos*  90^=sin»  d, 
or 

cos*  (9(F+^)-cos*  90o=sin'  d. 

Now  sin*  ^  is  considerably  less  than  sin  2d.  If,  for  example,  we 
snppnse  ^=^8^,  sin*  S  is  equal  to  more  than  fourteen  times  sin  2d. 

The  eye,  it  is  true,  appreciates  readily  the  transition  from  dark- 
ness to  light,  but  not  so  the  difference  in  brightness  of  two  lumi- 
nons  imases.  This  is  not  the  case  with  the  thermoacopic  appa^ 
ratus.  There  is  therefore,  when  heat  is  concerned,  a  great  ad- 
vantage in  proceeding  as  above  directed. 

The  following  are  the  details  of  the  experiment :  the  solar  ray, 
reflected  by  a  heliostat,  traverses  at  first  a  doubly-refracting  achro- 
matic prism.  The  extraordinary  bundle  was  intercepted :  the  or^ 
dinary  bundle  traverses  the  electro-magnet  of  M.  Ruhmkorff'sap- 
paialQs,  and  a  flint-glass  of  38  millimetres  in  thickness  between 
the  poles  of  the  electro-magnet.  It  afterwards  encounters,  at 
abont  3™-50,  the  second  prism  of  spar,  bifurcates  again,  and  gives 
two  images,  one  of  which  may  be  received  on  the  thermo-electric 
pile  placed  at  four  metres  from  the  electro-magnet.  The  galvan- 
ometer was  still  a  little  further  removed  from  this  disturbing  force. 
It  was  ascertained,  by  direct  and  repeated  experiments,  that  on  es- 
tablishing the  current  there  were  no  phenomena  of  induction,  and 
that  the  electro-magnets  had  no  appreciable  action  on  the  mag- 
netic needle  which,  under  their  influence,  remained  at  zero  in  a 
state  of  perfect  rest.  In  order  to  understand  this,  it  must  he  borne 
in  mind  that  the  two  opposite  poles  are  very  close  together,  and 
that  they  act  simultaneously  upon  a  system  already  very  distant 
and  almost  completely  astatic  It  might  be  feared  that  the  elec- 
tro-magnet, without  action  on  the  needle  at  zero,  acted  on  the  nee- 
dle alr^y  displaced  by  the  action  of  the  calorific  radiation.  This 
would  be  possible  in  fact,  if,  in  its  first  position,  the  needle  had 
the  same  direction  as  the  line  which  joins  its  centre  to  the  elec- 
tro-niagnet,  and  if,  when  it  deviates,  it  made  a  notable  an^le  in 
that  direction.  In  our  experiments,  precisely  the  inverse  condi- 
tion was  realized;  so  that  the  com|)onent  of  the  magnetic  action 
diminished  more  and  more  during  the  movement  of  the  needle, 
and  became  perfectly  null  when  it  attained  its  greatest  deviation. 
If  therefore  it  had  no  action  in  the  first  ease,  such  ought  for  a 
stronger  reason  to  be  the  case  in  the  second. 

SwMP  Sam,  VoL  IX,  Ko.  21— May,  1S60.  44 
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B7  means  of  a  commntator  the  electric  current  could  be  made 
to  pass,  now  in  one  direction,  now  in  another,  through  the  wires 
of  the  electric  magnet.  We  shall  designate  the  two  currents  by 
the  abridged  expressions  Current  A,  Current  B. 

The  following  are  the  deviations  observed : — 

Exp^ments  of  September  22. 

(A  Muncke's  battery  of  50  elements  with  large  surfaces,  but  al- 
ready worn,  was  employed.  J 

FIBST  SERIES. 

DertettoM. 

Current  A, 210 

Without  current,  ....         19-0 

Current  A,         .....  21*4 

Without  current,  ....        18-6 

SECOND  SERIES. 

(Acid  was  added.) 
Without  current,         ....  20-5 

Without  current,  ....        80-6 

Current  B, 186 

Without  current,  ....        209 

Current  A, 23  6 

Current  B,  188 

Current  A, 22-0 

Current  B,  180 

Without  current,         ....  19-9 

THIRD  SERIES. 

Current  B,  174 

Current  B, 17- 1 

Current  A,  19-5 

Without  current,         ....  18-3 

Experiments  of  September  29. 

(A  Bunsen's  battery  of  30  elements,  well-cleaned  and  amalgama- 
ted, was  employed.) 

FIRST  SCRIES. 

D«>vfiitioQS. 

Without  current,  .        r        .        .         120 

Current  A, 149 

Current  B,  8  6 

Without  current,         ....  11*7 

Current  B, 8-8 

Without  current,        .        .  .  11-8 
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8SC0ND  SERIES. 

DeviatloM. 

Without  current,  ....        18*4 

Current  B, 149 

Current  A, 217 

It  is  to  be  remarked,  that  here,  if  the  principal  sections  of  the 
prisms  were  perpendicular,  the  deviation,  at  first  null,  would 
acarcely  attain  one  semi-division  when  one  of  the  currents  wad 
made  to  act. 

Lastly,  to  obviate  every  objection,  a  third  series  of  experiments 
was  made  by  taking  away  the  prism  of  flint-glass,  and  observing 
the  deviations  produced  by  the*  solar  ray,  when,  as  before,  the 
electric  current  was  made  to  pass  in  the  wires  of  the  electro-mag- 
net, now  in  one  direction,  now  in  another. 

DeTliitlons.  ^ 

Current  A  . . .  165  )  As  should  be  the  case,  the  deviations  are 
Current  B  .  • .  16-8  r  equal,  which  proves  that  the  electric  cur- 
Current  A  .  .  .  16*8  )  rent  and  the  magnet  change  the  deviations 
in  acting  on  the  flint-glass  and  not  in  acting  on  the  needle  of  the 
galvanometer. 

The  above  experiments  establish,  we  believe,  in  an  irrefragable 
manner,  the  rotation  of  the  plane  of  polarization  of  heat  under  the 
influence  of  magnetism. 


Abt.  XXXY. — Historical  account  of  the  Eruptions  on  Hawaii  ; 
by  James  D.  Dana.* 

The  island  of  Hawaii  has  a  nearly  triangular  outline  with  the 
three  sides  fronting  severally,  west,  southeast,  and  northeast 
The  western  side  is  about  85  geographical  miles  in  length,  the 
southeast  65,  and  the  northeast  75  miles.  The  whole  surface 
pertains  to  the  slopes  of  three  lofty  volcanic  summits.  Mount  (or 
Hauna)  Loaf  constituting  its  southern  portion,  13,760  feet  in 
height,  Mount  Kea,  long  extinct,  covering  the  northern  portion, 
13,950  feet  in  height,  and  Hualalai  towards  the  western  shores, 
estimated  at  10,000. 

The  voyager  approaching  Hawaii,  while  admiring  the  sublim- 
ity of  its  swelling  heights,  is  struck  with  the  unbroken  surface  of 
the  island.  Lofty  peaks  and  alternating  valleys  and  ridges  are 
80  generally  characteristic  of  mountain  scenery,  that  he  views  the 
even  and  gentle  slope  of  the  siunmits  Loa  and  Kea  with  a  degree 

*  Eztivcied  and  condeneed  firom  the  Author^s  Exp,  Ezpd.  Q«olo^cal  Report 
f  This  name  is  often  written  Hoa.    L  and  r  are  interchangeable  letten  in  the 
Hawaiian  dialect    The  I  sotnxl  is  most  common,  and  is  adoptM  in  the  written  lan- 
guage of  theiaUnds. 
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of  amazement.  The  former  rises  with  a  scarcely  per- 
ceptible inclination,  (see  annexed  cnt,)  without  a  break 
in  the  snrface  apparent  in  the  distant  view ;  then  grad- 
ually rounds  ovrer,  and  declines  on  the  opposite  side 
with  the  same  gentle  declivity.  The  eye  following 
along,  up  and  down  the  sides  of  Moimt  Kea,  meets 
with  the  same  slopes,  and  only  few  traces  of  indenta- 
tions. Mount  Loa  is  a  flat  dome.  Mount  Kea  rises 
to  the  same  altitude,  and  differs  only  in  having  the 
summit  somewhat  pointed. 

From  these  descriptions  the  statement  will  be  ap- 
preciated that  the  heights  of  Hawaii  are  not  peaks  in 
a  mountain  range,  but  three  isolated  domes  or  low 
cones,  united  by  a  confluence  of  lavas  at  base.     The 
surface  of  the  island  is  not  a  mass  of  broken  moun- 
tains, but  the  simple  slopes  of  these  elevations.     Yet 
on  an  actual  scramble  over  the  sides,  there  are  found    < 
extensive  ravines  and  ridges  of  lava  which  impede  the    i 
progress ;  and  numerous  craters  form  large  elevations 
usually  ranging  between  three  and  nine  hundred  feet  in    ' 
height.    There  are  also  numerous  goi^s  on  the  eastern    ! 
and  northern  foot  of  Kea,  which  extend  from  the  sea    i 
half-way  up  the  mountain,  and  are  from  three  htmdred    ' 
to  a  thousand  feet  in  depth.     The  Kohala  range  on    i 
the  north,  which  is  the  only  part  not  conformable  to    | 
this  system,  faces  the  interior  of  the  island  with  a    I 
nearly  vertical  front,  while  northward  the  slopes  are    j 
less  abrupt  and  are  profoundly  intersected  by  valleys.    ' 

Mount  Kea  has  an  average  slope  of  7°  46^  Tho  | 
slope  of  Mount  Loa  on  the  south  averages  7^  33' ;  ' 
on  the  west  5^  28' ;  on  the  east,  to  Kilauea,  (a  distance 
of  19-8  miles  from  the  axis,)  6^42', •  making  6<^3(K 
the  average  for  the  dome.  From  Kilauea  to  the  sea, 
the  slope  averages  but  P  28',  equivalent  to  136  feet 
to  the  mile.  The  following  map  of  a  part  of  Hawaii* 
will  assist  in  conveying  an  idea  of  the  form  of  Mount 
Loa,  the  position  of  the  crater  at  summit,  and  of  Ki- 
lauea on  its  east-southeastern  flank,  3970  feet  above 
the  sea. 

We  may  hence  assume  6^30'  as  the  average  incli- 
nation of  the  great  dome.  This  gives  for  the  base 
of  the  dome  a  breadth  of  forty-five  and  three-fourths 
miles.  This  however  is  only  the  central  pdttion  of 
the  mountain :  for  the  slopes  spread  very  much  below, 

*  This  map  is  reduced  from  the  chart  published  with  the  KarratiTe  of  the  Ezpe- 
^tioiL 
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diminishing  eastward  to  a  single  degree,  so  that  the  region  of  vol- 
canic action  subordinate  to  Mount  Loa.  is  about  seventy  miles  in 
width,  or  includes  the  entire  breadth  of  the  island,  from  east  to 
west.  The  main  part  of  the  mountain,  if  considered  a  portion  of 
a  great  sphere,"*^  will  correspond  to  a  segment  13,760  feet  deep, 

r 


cut  from  a  globe  four  hundred  miles  in  diameter;  or  in  form,  to 
a  segment  about  one-twelfth  of  an  inch  deep  from  a  globe  twelve 
inches  in  diameter :  and  in  such  a  segment  as  last  referred  to,  the 
terminal  crater  would  be  represented  by  an  indentation  one-fif- 
teenth of  an  inch  broad,  and  Kilauea  by  another  one-tenth  of  an 
inch  broad;  and  both  about  a  fifteenth  of  their  breadth  in  depth. 
The  dome,  consequently,  instead  of  having  slender  walls  at  top, 
has  a  horizontal  thickness  of  full  twenty  miles,  eighteen  hundred 
feet  vertically  below  its  summit.f 

*  It  raries  a  little  from  a  segment  of  a  sphere,  the  upper  parts  being  slightly  more 
prominent 

f  For  comparison  with  other  lofl^  Tolcanic  mountains  we  here  mention  a  few 
other  inclinations,  as  determined  in  different  instances. 

The  peak  of  Teneriife  has  an  average  inclination  of  12°  80',  the  proportion  of 
heigfat  to  diameter  being  given  as  1  to  9. 

Etna,  according  to  £he  de  B^aomont,  has  an  average  inclination  of  8  degrees.  M. 
TOO  Bocfa  makes  the  ratio  of  height  to  circumference  as  1  to  84,  giving  the  angle  10^ 
degrees.  The  Chimborazo  dome,  according  to  Humboldt,  is  only  673  toises  through 
at  a  level  of  153  toises  (or  978  feet)  below  the  centre  of  top. 

It  is  moch  to  be  regretted  that  artists,  when  sketching  mountains,  are  not  content 
with  giving  them  their  actual  slopes  instead  of  attempting  improvements  b;^  straight- 
ening up  their  sides,  and  sharpening  their  summits.  Even  in  works  of  science,  the 
Buue  errors  are  common.  We  never  see  a  drawing  of  Jorullo,  which  does  not  ^ive 
the  peak  actually  impossible  slopes,  taking  Humboldt's  own  facts  as  a  criterion. 
Drawings  of  Vesuvius  and  Etna,  in  the  most  prominent  of  our  geological  treatises, 
ire  equally  objectionable.  A  simple  outline,  if  correct,  gives  reliable  information ; 
and  is  far  more  valuable  to  science,  than  one  improved  to  suit  the  fancy,  though 
sketched  with  the  skill  of  a  master. 
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The  two  craters  of  MouDt  Loa  are  still  active.  The  summit 
crater,  called  Mokua-weo-weo,  measuring  13,000  and  8000  feet 
in  its  diameters,  has  a  depth  of  784  '  feet  along  its  western 
precipice.  Kilauea,  the  crater  of  roost  renown,  is  marked  by  do 
conical  elevation ;  and  the  declivities  of  the  parent  mouotaia 
hardly  vary  in  this  part  from  a  plain.  Like  Mokua-weo-weo  it 
is  a  pit-crater,  with  vertical  sides  of  horizontally  stratified  basal- 
tic  rock  or  lava. 

The  traveller  first  perceives  his  approach  to  the  crater  in  a  few 
small  clouds  of  steam  rising  from  fissures  not  far  from  his 
path.  While  gazing  for  a  second  indication  he  stands  unexpect- 
edly upon  the  brink  of  the  pit.  A  vast  amphitheatre  seven  miles 
and  a  half  in  circuit  has  opened  to  view.  Beneath  a  gray  rocky 
pecipice  of  650  feet,  forming  the  bold  contour,  a  narrow  plain  o( 
hardened  lava,  (the  ^^  black  ledge,")  extends  like  a  vast  gallery 
around  the  whole  interior.  Within  this  gallery,  below  another 
similar  precipice  of  340  feet,  lies  the  bottom,  a  wide  plain  of  bare 
rock  more  than  two  miles  in  length. 

The  eye  naturally  ranged  over  the  whole  area  for  something 
like  volcanic  action,  as  it  is  usually  described.  But  all  was  sin- 
gularly quiet.  In  the  dark  plain  that  forms  the  bottom,  there 
was  little  to  attract  attention  beside  the  utter  dreariness  of  the 
place,  excepting  certain  spots  of  a  blood-red  color  which  appeared 
to  be  in  constant  yet  gentle^  agitation.  Instead  of  a  sea  of  molten 
lava  "rolling  to  and  fro  its  fiery  surge  and  flaming  billows,"  we 
were  surprised  at  the  stillness  of  the  scene.  The  incessant  mo- 
tion in  the  blood-red  pools  was  like  that  of  a  cauldron  in  constant 
ebullition.  The  lava  in  each  boiled  with  such  activity  as  to  cause 
a  rapid  play  of  jets  over  its  surface.  One  pool,  the  largest  of  the 
three  then  in  action,  was  afterwards  ascertained  by  survey  to 
measure  one  thousand  five  hundred  feet  in  one  diameter,  and  a 
thousand  in  the  other:  and  this  whole  area,  into  which  the  Capi- 
tol grounds  at  Washington  might  be  sunk  entire,  was  boiling,  as 
seemed  from  above,  with  nearly  the  mobility  of  water.  Still  all 
went  on  quietly.  Not  a  whisper  was  heard  from  the  fires  be- 
low. White  vapors  rose  in  fleecy  wreaths  from  the  pools  and 
numerous  fissures,  and  above  the  large  lake  they  collected  into  a 
broad  canopy  of  clouds,  not  unlike  the  snowy  heaps  or  cumuli 
that  lie  near  the  horizon  in  a  clear  day,  though  changing  more 
rapidly  their  fanciful  shapes.  On  descending  afterwards  to  the 
black  ledge,  at  the  verge  of  the  lower  pit,  a  half-smothered  gurg- 
ling sound  was  all  that  could  be  heanl  from  the  pools  of  lava. 
Occasionally  there  was  a  report  like  musketry  which  died  away, 
and  left  the  same  murmuring  sound,  the  stifled  mutterings  of  a 
boiling  fluid. 

Such  was  the  general  appearance  of  Pele^s  pit  in  a  day  view, 
at  the  time  it  was  visited  by  the  author^* 

*  In  NoTeokber,  1840. 
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At  night,  though  no  less  quiet,  the  scene  was  one  of  indescrib- 
able sublimity.  We  were  encamped  on  the  edge  of  the  crater,  with 
the  fires  full  in  view.  The  large  cauldron,  in  place  of  its  bloodjr 
glare,  now  glowed  with  intense  brilliancy,  and  the  surface  spark- 
led with  shiftmg  points  of  dazzling  light,  occasioned  by  the  jets 
in  constant  play.  A  row  of  small  basins  on  the  southeast  side  of 
the  lake  were  also  jetting  out  their  glowing  lavas.  Two  other 
pools  in  another  part  of  the  pit  tossed  up  their  molten  rock  much 
like  the  larger  cauldron,  and  occasionally  burst  out  with  jets  forty 
or  fifty  feet  in  height.  The  broad  canopy  of  clouds  above  the 
pit  which  seemed  to  rest  on  a  column  of  wreaths  and  curling 
heaps  of  lighted  vapor,  and  the  amphitheatre  of  rocks  around  the 
lower  depths,  were  brightly  illumined  from  the  boiling  lavas; 
while  a  lurid  red  tinged  the  distant  parts  of  the  inclosing  walls 
and  threw  into  deeper  shades  of  darkness  the  many  cavernous  re* 
cesses.  And  over  this  scene  of  restless  fires  and  fiery  vapors  the 
heavens  by  contrast  seemed  unnaturally  black,  with  only  here 
and  there  a  star  like  a  dim  point  of  light. 

The  next  night  streams  of  lava  boiled  over  from  the  lake, 
and  formed  several  glowing  lines  diverging  over  the  bottom 
of  the  crater.  Towards  morning,  there  was  a  derise  mist,  and 
the  whole  atmosphere  seemed  on  fire.  The  lakes  were  barely 
distinguished  through  the  haze,  by  the  spangles  on  the  sur- 
fiice  that  were  brightening  and  disappearing  with  incessant 
change. 

We  have  endeavored  to  describe  these  views,  with  literal  cor- 
rectness. We  are  not  responsible  for  any  disappointment  the  ac- 
count may  create,  as  we  could  see  only  what  was  actually  before  us. 
Pele  was  in  one  of  her  sober  moods.  Yet  we  have  reason  to  believe 
that  this  is  her  usual  state,  and  assuredly  there  is  a  terrible  grand- 
eur even  in  her  quiet.  The  action  when  most  roused  has  been 
much  exaggerated  in  its  character ;  for  boiling  and  overflowing, 
with  occasional  detonating  explosions,  constitute  in  every  condi- 
tion the  characteristic  features :  in  its  greatest  violence,  the  caul- 
drons are  more  numerous  and  extetisive,  the  spouting  cones  mul- 
tiply in  number,  the  explosions  are  loud  and  frequent,  and  the 
sheets  of  lava  at  each  overflow  spread  through  the  whole  crater. 
Such  a  scene  over  an  area  seven  and  a  half  miles  in  circuit,  must 
be  terrific  beyond  description,  although  the  "sea"  be  no  sea;  and 
the  "  waves"  but  the  agitations  of  violent  ebullition  and  frequent 
overflowings. 

The  accompanying  bird's-eye  view  of  Kilauea,  reduced  from 
the  surveys  of  the  Expedition,  shows  its  oblong-ovate  form  and 
general  fixtures,  though  giving  no  adequate  idea  of  its  magnitude. 
The  longest  diameter  lies  nearly  northeast  and  southwest,  and  is 
sixteen  thousand  feet  in  length ;  the  average  breadth  is  seven 
thousand  five  hundred  feet.    The  pit  includes,  therefore,  an  area 
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of  nearly  four  square 
miles  *  thus  exceeding  in 
extent  many  a  city  of 
one  hnndred  thousand  in- 
habitants. Yet  on  look- 
ing into  it  from  above,  it 
is  difficult  to  realize  its  . 
size,  as  there  is  no  object  ^J< 
within  or  about  it  which  ^' 
can  serve  for  comparison.  5 
No  one  would  imagine  " 
that  two  hundred  such 
structures  as  St.  Peter's  at  Rome  could  be  accommodated  within 
its  walls,  or  that  the  lofty  dome  of  this  cathedral  would  stand 
with  its  pinnacle  but  litfle  above  the  black  ledge.  The  great  lake 
of  boiling  lava  (a),  1000  feet  by  1500,  as  above  mentioned,  is  a 
small  object  in  such  an  area. 

A  better  idea  of  the  internal  form  of  the  pit  will  be  obtained 
from  a  transverse  section  here  represented.  It  is  taken  in  the 
line  of  the  shorter  diameter ;  a  section  through  the  longer  diame- 
ter on  the  same  scale  (a  third  of  an  inch  to  a  thousand  feet)  wonid 
not  have  room  on  the  page ;  mm'  is  the  whole  breadth  of  the 
crater;  oUjO'n'^  the  black  ledge;  pp'  the  bottom  of  the  lower 
pit ;  nj[>,  n'f  the  walls  of  the  lower  pit,  342  feet  in  height ;  mo^ 
m'&y  the  walls  above  the  black  ledge,  660  feet  in  height. 


VSRTIGAL  SECTION   OF  KILAU£A. 


The  walls  of  the  crater  {mo)  are  vertical,  or  nearly  so,  through 
the  most  of  their  circuit  There  is  a  break  with  several  fissures 
in  the  northeast  comer,  (in  the  figure  above,  the  upper  side  is 
norths)  where  is  the  usual  place  of  descent ;  and  on  the  south- 
east side  (0)  there  are  two  or  three  sloping  declivities,  on  which 
one  of  the  famous  sulphur  banks  is  situated. 

Without  continuing  with  these  details  relating  to  the  crater  of 
Kilauea,  we  proceed  to  an  account  of  the  eruptions  of  which 
we  have  knowledge. 

The  first  eruption  of  this  crater  of  which  tradition  gives  any 
definite  knowledge,  occurred  about  the  year  1789,  during  the 
wars  and  conquests  of  Ka-meha-meha.  It  took  place  between  Ki- 
lauea and  the  sea  in  a  southeasterly  direction.  It  is  said  to  have 
been  accompanied  by  violent  earthquakes  and  rendings  of  the 
earth:  and  an  eruption  of  cinders  and  stones  from  the  opened  fis- 

*  As  nearly  as  can  be  ascertained  from  the  map  of  the  crater  the  area  is 
and  two-thinu  square  miles,  or  100,000,000  square  feet 
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It  was  80  violent  and  extensive  that  the  heavens  were 
completely  darkened ;  and  one  hundred  lives  are  supposed  to 
have  been  lost  There  are  now,  over  a  large  area  near  Kilauea  a 
few  miles  distant  to  the  south  and  southeast,  great  quantities  of  a 
light  pumice-like  scoria,  with  stones  and  sand,  which  are  believed 
to  have  been  thrown  out  at  this  time.* 

The  famous  outbreak  of  lavas,  in  1823,  and  the  features  of  the 
crater  after  it,  are  described  by  Mr.  Ellis  in  his  Polynesian  Re- 
searches.! A  large  tract  of  country  in  Kau,  the  southern  district 
of  Hawaii,  was  flooded,  and  the  stream,  where  it  reached  the  sea, 
as  I  am  informed  by  Rev.  Mr.  Coan,  was  five  to  eight  miles  wide. 
The  earth  is  said  to  have  been  rent  in  several  places,  and  the 
hvas  were  ejected  through  the  fissures,  commencing  their  course 
above  ground  some  miles  south  of  Kilauea.  There  was  no  visible 
commnnication  with  the  lavas  of  this  crater  at  the  time ;  but  the 
&ci  of  their  subsiding  some  hundred  feet  simultaneously  with  the 
eruption  is  satisfactory  evidence  of  a  connection.  The  crater  af- 
ter the  eruption,  as  described  by  Mr.  Ellis,!  had  the  same  general 

*  The  following  accotint  of  this  eruption  is  from  a  **  History  of  the  Sandinch  Iil- 
■Ddi,"  by  Rer.  L  Dibble,  published  at  Lahainaluna  (island  of  Maui)  in  1848.  It 
was  taken  by  the  author  from  the  I^m  of  those  who  were  part  of  the  company, 
and  present  m  the  scene.  The  army  of  Keoua,  a  Hawaiian  chief^  heim^  pursued  by 
Kamehameha,  were  at  the  time  near  Kilauea.  For  twojprecedmg  nights,  there  had 
been  eroptions,  with  ejections  of  stones  and  cinders.  **  Tne  army  of  Keoua  set  out 
oo  their  winr  in  three  different  companies.  The  company  in  acfvance  had  not  pro- 
ceeded fiu*  before  the  ground  began  to  shake  and  rock  beneath  their  feet,  and  it  be- 
came quite  impossible  to  stand.  Soon  a  dense  cloud  of  darkness  was  seen  to  rise 
out  of  the  crater,  and,  almost  at  the  same  instant,  the  thunder  began  to  roar  in  the 
heaTeos,  and  the  lightning  to  flash.  It  continued  to  ascend  and  spread  around  until 
the  whole  region  was  enveloped,  and  the  light  of  day  was  entirely  excluded.  The 
daiimeas  was  the  more  terrinc,  being  made  visible  by  an  awful  glare  from  streams  of 
red  and  bhie  li^t,  variously  combined  through  the  action  of  the  fires  of  the  pit  and 
the  flawhos  of  lightning  above.  Soon  follow^  an  immense  volume  of  sand  and  cm- 
den,  which  were  tiirown  to  a  great  height,  and  came  down  in  a  destructive  shower 
hr  many  miles  around.  A  few  of  the  forward  company  were  burned  to  death  by 
the  saoo,  and  aU  of  them  experienced  a  suffocating  sensatioa  The  rear  oompanv, 
which  was  nearest  the  volcano  at  the  time,  suffered  little  injury,  and  after  the  eartn- 
quake  and  shower  of  sand  had  passed  over,  hastened  on,  to  greet  their  comrades 
ahead,  on  their  escape  from  so  imminent  peril  But  what  was  uieir  surprise  and  con- 
iteraaAion,  to  find  tne  centre  company  a  collection  of  corpses.  Some  were  lyinff 
down,  and  others  were  sitting  upri^t,  clasping  with  dying  grasp  their  wives  and 
ddldreo,  and  joiniiuf  noses  (the  mode  of  expressing  affection,)  as  in  the  act  of  taking 
leave.  So  much  iflce  life  they  looked,  that  they  at  first  supposed  them  merely  at 
rest,  and  it  was  not  until  they  had  come  up  to  them  and  handled  them,  that  they 
eoold  detect  their  mistake."  Mr.  Dibble  adds,  **  A  bUet  of  sulphurous  gas,  a  shower 
of  heated  embers,  or  a  volume  of  heated  steam,  would  sufficiently  account  for  this 
sodden  death.  Some  of  the  narrators  who  saw  the  corpses  affirm,  that  though  in  no 
place  deeply  burnt,  yet  they  were  thoroughly  scorched. 

JPoljmeeian  Researches,  vol  iv.,  p.  211. 
Mr.  Ellis,  and  many  that  have  followed  him  in  describing  Kilauea,  make  much 
use  of  U>e  word  "  flames,**  as  though  flames  were  actually  seea  It  is  an  excusable 
mistake,  where  the  scenes  are  so  startling  and  so  far  beyond  description.  An  ao- 
count  appeared  in  a  public  print  at  Honolulu,  about  the  time  of  the  arrival  of  the 
•qoadron,  in  which  **  names  were  called  in  to  give  vividness  to  the  description.  It  ia 
needless  to  My  that  none  were  seen  there  by  the  writer,  although  the  condition  waa 
the  nme  aa  ror  the  month  previona. 

BwDom  Smra,  Vol  IX,  Na  S7^May,  1S60.  46 
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featnres  as  when  visited  by  the  Expedition.  The  black  ledge 
continued  completely  around  the  crater,  and  was  "  three  or  four 
hundred  feet"  above  the  bottom.  The  pit  was,  however,  in  a  more 
active  state:  for  the  southwest  and  northern  parts  are  represenled 
as  vast  floods  of  lava,  and  there  were  fifty-one  small  cones  wiih 
craters,  twenty-two  of  which  gave  out  vapors,  and  some  ejected 
lavas.  Ellis  remarks  that  the  crater  appeared  as  if,  a  short  time 
before,  the  lavas  had  been  as  high  as  the  black  ledge. 

In  June,  1832,  an  eruption  took  place  both  from  Eilanea  and 
the  summit  crater  of  Mt.  Loa.  The  only  eraption,  at  this  time, 
of  the  lavas  of  Kilauea  to  the  surface,  of  which  we  have  definite 
account,  occurred  in  the  east  wall  of  the  crater.  A  deep  fissure 
was  opened  in  the  wall,  (near  j9,  figure  on  page  352,)  from  which 
streams  flowed  out,  part  back  into  Kilauea  down  the  steep  slope, 
and  part  across  into  the  '^  Old  Crater"  (r),  which,  at  the  time, 
was  overgrown  with  wood.  It  is  important  to  trace  out,  as  far 
as  we  are  able,  the  changes  which  preceded  it. 

a.  The  first  published  account  of  the  crater  subsequent  to  El* 
lis's,  is  that  of  the  Rev.  C.  S.  Stewart,  who  visited  it  in  July, 
182o.*  He  states  that  it  was  nearly  in  the  condition  represented 
by  Ellis  in  1823.  The  bottom  was  several  hundred  feet  below 
the  level  of  the  black  ledge.  Fifty-six  conical  craters  were  coun- 
ted, and  the  action  was  violent  and  noisy.  A  plan  of  the  crater 
at  this  time,  by  Lieutenant  Maiden,  is  given  by  Byron.  The 
black  ledge  is  represented  as  very  much  narrower  than  at  present, 
so  that  the  lower  pit  occupied  nearly  the  whole  width  of  the  cra- 
ter :  the  height  of  the  ledge  is  stated  at  four  hundred  feet.  The 
plan  represents  numerous  cones  over  the  bottom,  and  the  two 
largest  occupy  together  the  whole  transverse  diameter  of  the  cra- 
ter, which  would  give  for  each  a  diameter  of  three  thousand  feet 
or  more  at  base.f 

*  Journal  of  a  Voyage  to  the  Pacific  Ocean,  and  Residence  at  the  Sandwich  Tsl- 
jmds,  in  the  years  1822-1825,  by  a  a  Stewart ;  12mo,  1828.    New  York.    p.  8M. 

f  A  reduced  copy  of  lieutenant 
lfalden*B  plan  is  annexed,  as  it  will 
give  increased  interest  to  the  facts 
obaerred  by  the  Expedition.  A,  is 
a  diflf  of  eighty  feet ;  B,  a  cliff  of 
one  hundred  and  fifty  feet ;  C,  Lord 
Byron's  encampment ;  E,  the  point 
on  the  black  ledge  where  they  de- 
Boeoded  to  the  bottom ;  1,  the  cra- 
ter in  action  visited  by  Lord  Byron ; 
tt  a  sulphur  oooe;  8,  crater  that 
broke  out  at  the  time  of  the  visit, 
29th  of  June ;  4,  crater  brilliantly 
in  aetiqp ;  6,  the  largest  crater ;  6,  a 
deep  fiiwure ;  7,  deepest  and  most  precipitous  part  of  crater.  The  whole  crater  is 
not  represented.  The  huyest  cone  (5)  is  nearly  half  the  diameter  of  the  lower  ptt^ 
and  moat  have  been  three  or  four  thousand  feet  in  breadth. 
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h.  In  December  of  the  same  year,  Rev.  A.  Bishop  obnenred  that 
the  crater  had  filled  up  much  since  the  visit  he  made  with  Mr« 
Ellis,  and  he  estimates  the  amount  of  change  as  four  hundred  (?) 
feet.  There  were  a  large  number  of  cones  *'  filty  to  one  hundred 
feet  high,"  besides  lakes  boiling  with  much  agitation,  "every  now 
and  then  sending  forth  a  gust  of  vapor  and  smoke,  with  great 
Dotse."  He  adds,  "  the  natives  remarked  that  after  rising  a  little 
higher  the  lava  will  discharge  itself,  asfomierly^  towards  the  sea 
ikr^ug-h  same  aperture  wider  ground,^^* 

e.  Ill  October  of  1829,  Rev.  C.  S.  Stewart  made  a  second  visit 
to  the  crater,  and  found,  as  he  states,  that  the  lower  pit,  instead 
of  being  four  or  five  hundred  feet  deep,  as  when  he  before  saw  it, 
was  but  two  hundred  feet  He  remarked  that  it  had  filled  up  at 
least  two  hundred  feet  It  was  more  quiet  than  in  1825,  but 
there  were  still  several  boiling  lakes  of  lava,  and  some  cones  in 
great  activity.f 

dL  In  September  of  1832,  when  the  Rev.  J.  Goodrich  visited 
Kilauea,  the  eruption  had  taken  place  :|:  He  says  that  every  thing 
had  changed.  The  lavas,  which  previously  had  increased  so  as 
ieJUl  up  to  the  hlark  ledge,  and  fifty  feet  above,  about  nine  hund* 
led  [four  hundred?]  feet  in  all,  had  sunk  down  again  nearly  to 
the  same  depth,  leaving,  as  usual,  a  boiling  cauldron  at  the  south 
fend.  The  earthquake  of  January  preceding  had  rent  in  twain 
the  walls  of  the  crater,  on  the  east  side,  from  top  to  bottom,  pro- 
ducing seams  from  a  few  inches  to  several  yards  in  width,  from 
which  the  region  between  the  two  craters  was  deluged  with  lava. 
About  half  way  up  the  precipice  there  was  a  rent  a  quarter  of  a 
mile  in  length,  from  which  imnr^nse  quantities  of  lava  boiled 
out  directly  underneath  the  hut  fornaerly  occupied  by  the  party  of 
Lord  Byron.  The  position  of  Byron's  hut  is  seen  at  C,  on  the 
%ure  at  the  foot  of  the  preceding  page,  and  uear  p,  on  the  figure 
on  page  352. 

From  these  accoimts,  it  is  probable  that  in  addition  to  the  ejec* 
tions  from  the  east  wall,  which  are  insufficient  to  account  for  the 
subsidence  in  the  lower  pit,  there  must  also  have  been  a  subterra- 
nean outlet  beneath  the  sea,  as  the  native  with  Mr.  Bishop  had 
predicted.  This  elevation  of  the  lava  a  thousand  feet  above  the 
lower  pit,  with  its  discharge  from  the  very  wall  of  the  crater,  is 
worthy  of  special  uote. 

The  next  eruption  to  that  of  1832,  was  the  one  already  refer- 
red to,  that  commenced  on  the  30th  of  May,  1840,  the  lavas  of 
which,  where  they  reached  the  sea,  were  in  some  places  still  hot 
when  visited  by  the  author  in  the  November  following. 

*  MisnoiiaiT  Herald,  yriii,  68. 

JViflit  to  the  South  Seaa,  2  yds.  12mo.    New  York,  1S81.— ii,  78. 
AmmcMi  Jooroal  of  Sdenoe,  zxy,  199. 
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The  only  published  accounts  of  the  crater  subsequent  to  that 
just  mentioned  by  Mr.  Goodrich,  and  previous  to  this  eruption, 
are  those  of  Mr.  Douglass,*  Captain  E.  G.  Kelley,  (from  state- 
ments by  Captains  Chase  and  Parker,  )t  Count  Slrzelecki,J  and 
Captain  John  Shepherd.^ 

a.  Mr.  Douglass  was  at  Kilauea  in  January,  1834.  The  pit, 
by  his  measurements,  was  one  thousand  feet  deep,  and  the  black 
ledge  and  lower  pit.appear  to  have  been  in  the  same  condition  as 
when  seen  by  Mr.  Bishop.  There  was  a  lake  of  boiling  lava  in 
the  north  end,  three  hundred  and  nineteen  yards  in  diameter,  be- 
sides the  large  one  in  the  south  end.  The  movement  of  the  lavas 
to  the  southward  (a  consequence  of  the  ebullition)  was  estimated 
to  have  a  velocity  of  three  and  one- fourth  miles  per  hour. 

6.  Captains  Chase  and  Parker  visited  the  crater  in  1838,  four 
3rears  after  Mr.  Douglas.  At  that  time,  as  the  sketch  made  by 
them  on  the  spot  indicates,  the  lavas  had  so  increased  that  the 
lower  pit  was  almost  obliterated,  the  bottom  having  risen  nearly 
to  a  level  with  the  black  ledge.  This  will  be  understood  from 
the  figure  on  page  352:  all  the  bottom  pit  between  pn  and  p'n' 
had  become  filled  up,  by  the  successive  overflowmgs,  to  within 
forty  feet  of  the  top,  and  over  the  four  square  miles  of  area,  the 
fires  were  in  great  activity.  ^  There  were  six  boiling  lakes  of  lava, 
and  twenty-six  cones  from  twenty  to  sixty  feet  high,  eight  of 
which  were  throwing  out  cinders  and  red  hot  lava.  Standing 
by  the  side  of  one  of  these  lakes,  they  looked  down  more  than 
three  hundred  feet  upon  its  agitated  surface:  " after  a  few  min- 
utes the  violent  struggle  ceased,  and  the  whole  surface  of  the  lake 
was  changed  to  a  black  mass  of  scoria ;  but  the  pause  was  only 
to  renew  its  exertions,  for  while  they  were  gazing  at  the  change, 
suddenly  the  entire  cnist  which  had  been  formed  comment 
cracking,  and  the  burning  lava  soon  rolled  across  the  lake,  heaving 
the  coating  on  its  surface  like  cakes  of  ice  upon  the  ocean  sui^. 
Not  far  from  the  centre  of  the  lake  was  an  island  which  the  lava 
was  never  seen  to  overflow."  These  interesting  facts  illustrate 
•everal  points  of  9pecial  importance  in  volcanoes,  viz.  ( 1 )  The  ra- 
pidity with  which  lava  cools;  (2)  The  frequent  rise  of  tempera* 
ture  that  takes  place  even  in  boiling  lakes,  arising  from  a  new 
gushing  from  the  source  below;  (3)  the  formation  of  cliokersy 
well  compared  to  the  breaking  up  of  ice.  From  the  account  of 
Captain  Kelley,  it  appears  that  the  whole  bottom  of  the  crater 
was  not  in  fusion.  On  the  contrary,  the  greater  part  was  black 
lava,  over  which  they  travelled  to  the  brink  of  some  of  the  pools ; 

•  Jour,  of  the  Roy.  Geog.  Soc,  toL  iv. 

f  American  Journal  of  Science,  zl,  117;  with  a  drawing  of  the  crater,  which 
■how8  that  the  obliteration  of  the  lower  pit  was  nearly  comfdete. 

1  Hawaiian  Soectatort  i,  486. 

§  Athenieum,  Not.  14,  1840;  Roy.  Geog.  Soc.  of  London,  1840.  Captain  Shep- 
bara  eTidently  misunderstood  the  mode  of  action  at  the  crater. 
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yet  at  times  floods  of  lava  covered  a  large  portion  of  the  whole 
area.  The  pools  were  in  violent  agitation,  and  '^  hissing,  rum- 
biingy  agonizing  sounds,  came  from  the  depths  of  the  dread  abyss." 
e.  When  seen  by  Count  Strzelecki  in  the  same  year,  it  was 
still  in  the  condition  above  described.  There  were  six  lakes,  one, 
as  he  states,  of  300,000  square  yards  area,  and  five  of  about  5,700 
square  yards  each.     The  great  lake  was  in  violent  action. 

d.  Captain  Shepherd  was  at  the  crater,  Sept.  16,  1839.  There 
were  ''numerous  small  cones,  twenty  to  thirty  feet  high,"  "  lakes 
of  molten  matter  in  violent  agitation,"  besides  a  ''  great  lake," 
one  mile  long  and  half  a  mile  broad.  The  party,  (notwithstand- 
ing the  activity,  be  it  observed,)  descended  into  the  crater^  and 
visited  several  of  the  cones  and  small  lakes  on  their  way  to  the 
great  lake.  This  lake  was  in  '<  violent  ebullition,"  underwent 
constant  changes  of  brightness,  and  in  some  places  flowed  on, 
'^leaving  ridges  of  scoria  on  the  northern  shore." 

e.  We  learn  from  the  natives,  that,  for  a  week  previous  to  the 
outbreak,  the  whole  interior  was  a  fearful  scene  of  fiery  deluges 
and  ejectious.  There  was  no  black  ledge ;  for  the  lavas,  by  their 
overflowings,  since  1832,  had  not  only  filled  up  the  central  pit, 
bat  accumulated  over  the  ledge,  and  all  was  one  vast  theatre  of 
intense  action.  The  mountain  was  thus  charged.  The  pressure 
on  the  sides  below  from  the  lavas  and  confined  vapors  had  be- 
come immense.  As  a  natural  consequence  fissures  opened,  and 
the  lavas  were  drawn  oS;  the  centre  of  the  great  pit  consequent- 
ly sunk  down  three  hundred  and  fifty  or  four  hundred  feet,  which 
was  its  condition  when  visited  by  us. 

There  was  no  great  earthquake,  no  shaking  of  Mount  Loa.  At 
Hilo  not  the  faintest  rumbling  was  heard  or  felt ;  and  only  slight 
quiverings  to  the  south.  It  was  a  simple  tapping  of  the  great 
cauldron,  Kilauea ;  and  after  it,  the  crater  became  comparatively 
inactive.  Its  black  hardened  surface,  and  the  one  or  two  boiling 
pools  which  remained  over  the  vast  area,  exhibited  the  subdued 
quiet  of  exhaustion. 

The  first  appearance  of  the  lavas  at  the  surface  occurred  in  a 
mall  crater  called  Arare,  about  six  miles  from  Kilauea,  A,  (map 
on  p.  349,)  as  was  ascertained  soon  after  by  the  Rev.  T.  Coan.* 
The  light  was  seen  at  a  distance ;  but  there  were  no  inhabitants 
living  in  that  vicinity,  and  it  was  set  down  for  a  jungle  on  fire. 
The  next  day  another  outbreak  was  distinguished  farther  towards 
the  coast ;  and  general  alarm  prevailed  among  the  natives,  now 
aware  of  the  catastrophe  in  progress.  Other  openings  followed, 
and  by  Monday,  the  first  of  June,  the  large  flow  had  begun 

*  MisaioQary  Herald,  1841,  rolume  zzxriii,  p.  288.  The  author  was  over  the  por- 
tion.  of  the  eruptioD  towards  the  sea  in  November.  Subsequently  it  was  examined 
by  Captain  Wilkes,  Mr.  J.  Drayton,  and  Dr.  0.  Pickering ;  and  by  means  of  their  in- 
( a  map  of  the  region  waa  made  out 
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that  forrntd  a  continuons  stream  to  the  aea,  which  it  reached  on 
the  third  of  Jane,  destroying  the  small  village  of  Nanawale.  This 
flood  issued  from  several  figures  along  its  whole  course,  instead 
of  being  an  overflow  of  lavas  from  a  single  opening ;  it  started 
from  an  elevation  of  1244  feet,  as  determined  by  Captain  Wilkes, 
at  a  point  twenty-seven  miles  distant  from  Kilauea,  twenty-two 
miles  from  the  first  outbreak,  and  twelve  from  the  shores.  The 
interval  between  the  first  appearance  of  the  lavas  and  this  flood 
presents  a  few  patches  of  ejections,  and  some  steam  fissures. 

The  extent  of  these  patches  was  not  accurately  ascertained. 
Dr.  Pickering  mentions  one  small  one,  just  before  the  last  oat- 
break;  and  another,  much  larger,  (n)  covering  probably  three  or 
four  square  miles,  was  observed  by  him  a  short  distance  above. 
A  still  larger  patch,  (m)  according.to  a  native  report,  exists  about 
half  way  from  the  '^  Big  Crater"  (C)  and  the  last  outbreak  ;  while 
still  another,  on  the  same  authority,  was  seen  just  north  of  the 
"  Big  Crater."  It  is  very  remarkable,  as  stated  by  Dr.  Pickering, 
that  the  line  of  fracture  alid  lava  patches  should  have  cut  through 
a  high  hill  just  north  of  the  *'  Deep  Crater"  (B),  and  thus  avoided 
this  large  pit  where  it  might  have  been  supposed  there  would 
have  bc^n  the  least  resistance  to  fracture.  Tlie  natives  state  that 
the  lavas  rose  to  a  height  of  three  hundred  feet  in  the  pit-crater 
Arare,  the  first  point  of  outbreak,  and  then  sunk  again  when  the 
next  outbreak  took  place ;  and  the  appearance  of  scoria  within 
the  crater  satisfied  Dr.  Pickering  that  the  lavas  had  risen  at  the 
time  to  the  height  mentioned. 

The  scene  of  the  flowing  lavas,  as  affirmed  by  those  who  ob^ 
Served  it,  beggars  description.  As  we  learn  from  an  eye-witness, 
the  lavas  rolled  on,  sometimes  sluggishly,  and  sometimes  violent- 
ly, receiving  at  times  fresh  force  from  new  accessions  to  the  fiery 
stream,  and  then  almost  ceasing  its  motion.  It  swept  away  for* 
ests  in  its  course,  at  times  fiarting  and  enclosing  islets  of  earth 
and  shrubbery,  and  at  other  times  undermining  and  bearing  along 
masses  of  rock  and  vegetation  on  its  surface.  Finally  it  plunged 
into  the  sea  with  loud  detonations.  The  burning  lava,  on  meet- 
ing the  waters,  as  Mr.  Coan  states,  was  shivered,  like  melted  glass^ 
into  millions  of  particles,  which  were  thrown  up  in  clouds  that 
darkened  the  sky,  and  fell  like  a  storm  of  hail  over  the  surround- 
ing country.  ^'  Vast  columns  of  steam  and  vapors  rolled  off*  be^ 
fore  the  wind,  whirling  in  ceaseless  agitation,  and  the  reflected 
glare  of  the  lavas  formed  a  fiery  firmanent  overhead.  For  three 
weeks  this  terrific  river  disgorged  itself  into  the  sea  with  little 
abatement.  Night  was  converted  into  day  on  all  eastern  Hawaii. 
The  light  rose  and  spread  like  the  morning  upon  the  mountains, 
and  its  glare  was  seen  on  the  opposite  side  of  the  island.  It  was  dis- 
tinctly visible  for  more  than  one  hundred  miles  at  sea ;  and  at 
the  distance  of  forty  miles  fine  print  could  be  read  at  midnight'* 
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At  three  spots  on  the  coast,  prohabty  over  three  opened  fissures 
whence  lavas  issued,  the  sands  continued  to  be  thrown  up,  until 
as  maoy  rounded  or  neuriy  conical  elevations  were  formed,  the 
largest  of  which  was  found  to  be  250  feet  in  height,  and  the 
smallest  about  150  feet.  They  consist  of  a  finely  laminated  tufa, 
like  tufa  craters.  The  coast  is  said  to  have  been  extended  nearly 
a  quarter  of  a  mile  beyond  its  former  limits. 


TUFA  HILLS,  MANAWALX. 

The  stream,  as  it  appeared  in  November,  consisted  in  its  differ* 
ent  portions  of  all  the  kinds  of  lava  tracts  elsewhere  observed.  In 
some  portions,  especially  the  upper,  there  were  fields  of  the 
smoother  variety,  (the  pahoihoi,)  with  the  usual  ropings  and 
twistings  of  the  surface;  and  there  were  some  miniature  eones, 
a  few  yards  in  height,  out  of  which  the  lavas  spouted  for  a  while 
after  the  rest  bad  become  quiet.  Large  tracts  were  covered  with 
sand ;  aud  walking  over  them,  the  feet  often  broke  through  into 
steaming  chambers,  suggesting  caution  to  the  traveller.  Other 
large  portions  consisted  of  clinkers,  a  fact  which  might  have  been 
inferred  from  the  description  given  of  the  varying  rate  of  the 
moving  lavas.  In  some  portions  they  were  in  huge  angular 
blocks ;  in  others  in  slabs  laid  with  much  regularity  against  one 
another.  There  were  numerous  caverns  and  fissures  still  sending 
np  clouds  of  steam ;  and  in  many,  the  rocks  were  yet  glowing 
within  a  few  feet  of  the  surface.  A  piece  of  paper  was  iustantly 
^nited.  Small  sulphur*banks,  with  deposits  of  alum  and  othev 
salts,  were  met  with  in  several  places. 

The  islets  of  forest  trees  in  the  midst  of  the  stream  of  lava 
were  from  one  to  fifty  acres  in  extent,  and  the  trees  still  stood 
and  were  sometimes  living.  Captain  Wilkes  describes  a  copse 
of  bamboo  which  the  lava  had  divided  and  s«irrounded;  yet 
many  of  the  stems  were  alive,  and  a  part  of  the  foliage  remained 
uninjured.*  Near  the  lower  part  of  the  flood,  the  forests  were 
destroyed  for  a  breadth  of  half  a  mile  either  side,  and  were  loaded 
with  the  volcanic  sand ;  but  in  the  upper  part,  Dr.  Pickering  found 
the  line  of  dead  trees  only  twenty  feet  wide.  The  lavas  some* 
times  flowed  around  stumps  of  trees,  and  as  the  tree  was  grad- 
ually consumed,  it  left  a  deep  cylindrical  hole,  sometimes  two 
feet  in  diameter,  either  empty  or  filled  with  charcoal.f    Towards 

*  Narrative  Exp.  Expd,  iv,  184. 

f  Similar  facts  to  those  here  stated  were  observed  by  M.  Bory  de  St  YinceDt  at 
Hie  lale  <tf  BoarboiL-^F<^$w^f  am  ItU^  ^Afriqm^  8  vcik,  4to,  Paris,  1804. 
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the  rnaigin  of  the  stream,  these  stump-holes  were  innmnenible, 
and  in  many  instances  the  fallen  top  lay  near  by,  dead  but  not 
burnt.  Dr.  Pickering  also  states  that  some  epi|>hytic  plants  upon 
these  fallen  trees  had  begun  again  to  sprout.  The  rapidity  with 
which  lava  cools  is  still  more  remarkably  shown  in  the  fact  that 
it  was  found  sometimes  hanging  in  stalactites  from  the  branches 
of  trees ;  and  although  so  fluid  when  thrown  off  from  the  stream 
as  to  clasp  the  branch,  the  heat  had  barely  scorched  the  bark. 

The  waters  of  the  sea  were  so  much  heated  that  the  shores  for 
twenty  miles  were  strewed  with  dead  fish. 

Prom  the  period,  thirty-six  hours,  which  the  lavas  required  to 
reach  the  sea,  an  average  velocity  of  four  hundred  feet  an  hour  is 
readily  deduced,  as  stated  by  Captain  Wilkes.  Yet,  as  the  lavas 
issued  from  various  fissures  along  the  course,*  the  result  cannot 
be  correctly  compared  to  an  overflow  of  fluid :  it  is  rather  the  rate 
of  progress  of  the  eruption  than  of  the  motion  of  a  flowing  liquid. 

The  thickness  of  the  stream  of  lava  here  described  was  esti- 
mated by  Dr.  Pickering  as  averaging  ten  or  twelve  feet.  In  some 
places  it  was  not  over  six  feet.  The  whole  area,  judging  from 
the  surveys,  covers  about  fifteen  square  statute  miles ;  and  reduce 
ing  to  feet  and  multiplying  by  the  depth,  12  feet,  gives  for  the 
amount  of  ejected  lava  5,018,000,000  cubic  feet ;  to  which,  if  we 
add  for  the  previous  ejections  of  the  same  eruption  three  more 
square  miles  it  gives  6,023,000,000  of  cubic  feet  for  the  whole 
amount  of  lavas  which  reached  the  surface.f 

We  have  a  still  more  accurate  means  of  estimating  the  amount 
of  lavas  which  passed  from  Kilauea,  in  the  actual  cubic  contents 
of  the  emptied  pit.  The  area  of  the  lower  pit,  as  determined  by 
the  surveys  of  the  Expedition,  is  equal  to  38,500,000  square  fcet 
Multiplying  this  by  400  feet,  the  depth  of  the  pit  after  the  erup- 
tion,|  we  have  15,400,000,000  cubic  feet  for  the  solid  contents  of 
the  space  occupied  by  lavas  before  the  emption,  and  therefore  the 
actual  amount  of  the  material  which  flowed  from  Kilauea.  This 
is  two  and  a  half  times  the  amount  obtained  from  the  estimated 
extent  of  the  eruptions.  The  difference  may  be  accounted  for 
partly  on  the  ground  that  fissures  were  filled  as  well  as  surfaces 
overflowed,  and  also  that  there  may  have  been  eruptions  beneath 
the  sea  not  estimated.  This  amount  is  equivalent  to  a  triangular 
ridge  eight  hundred  feet  high,  two  miles  long,  and  over  a  mile 
wide  at  base. 

*  On  this  point  we  cite  the  following  passage  from  the  Narrative  by  Captain 
Wilkes,  (ir,  184): — ^"  There  are  many  fissures  along  the  whole  line,  as  will  be  per> 
oeiyed  by  the  dark  places  on  the  map.    I  feel  oonMent  that  from  each  of  the^e  an 

S'ection  had  taken  place,  and  that  the  lara  had  in  some  cases  flowed  in  a  contraiy 
rection  to  the  general  course  of  the  stream.'* 

f  Allowing  an  average  depth  of  but  ten  feet,  the  calculation  would  give  for  the 
whole  amount  6,000,000,000  cubic  feet 

}  As  the  measurements  of  the  Ezpodition  were  made  eight  months  after  ths 
eruption,  we  have  allowed  somewhat  for  the  increase  during  that  time,  and  abo  for 
oaTitiee  emptied  beneath  the  ledge. 
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The  laya  of  tfie  eruption  is  remarkable  for  the  laige  proportioo 
of  chrysolite,  amounting  in  some  parts  to  nearly  one  half,  and  oc* 
earring  in  coarse  grains  often  a  fourth  of  an  inch  thick.  It  is 
consequently  very  brittle,  slabs  being  easily  shattered  to  pieces 
by  a  tap  of  the  hammer.  The  sands  of  the  seashore  produced 
by  the  eruption,  consist  lai^ely  of  this  mineral  mixed  with  black 
grains  of  the  comminuted  lavas.  In  the  abundance  of  chrysolite 
the  lava  is  very  unlike  that  formed  in  the  crater  either  previous 
or  subsequent  to  the  eruption. 

The  sand-hills  are  examples  of  elevations  thrown  up  suddenly 
over  fissures  of  eruption.  They  consist  of  tufa  of  a  rusty  yellow 
color,  and  are  distinctly  and  finely  laminated.  The  sea  is  already 
encroaching  on  them,  and  has  exposed  the  regular  stratification 
of  the  interior,  showing  a  steep  inclination  of  the  layers  outward. 
Not  a  trace  of  tiltiug  took  place  in  the  rocks  beneath ;  they  are 
simple  cones  of  eruption,  formed  of  ejected  cinders.  The  sands 
are  said  to  have  been  thrown  out  from  the  centre  of  each  hill, 
while  in  progress ;  yet  there  is  now  no  cavity  at  top.  It  appears 
that  the  action  of  the  molten  lavas  as  they  met  the  sea  must 
have  been  like  the  efiect  from  a  furnace  of  melted  glass  plung* 
ed  beneath  vrater.  There  was  a  violent  explosion  and  eruption 
of  firagments  and  steam,  which  fell  around  the  centre  of  ae*- 
tion;  and  owing  to  the  water  which  ascended  and  descended 
with  them,  the  structure  became  laminated  like  the  alluvium  of  a 
river.  Thus  three  *'  Monte  Nuovos"  instead  of  one  were  thrown 
up  at  a  single  eruption.  The  yellow  color  of  the  tufa  is  owing 
to  the  action  of  the  steam  and  water  on  the  ferruginous  cinders, 
vedacing  some  pert  of  the  iron  to  a  hydrate. 

Since  leaving  the  Sandwich  Islands,  I  learn  from  the  Rev.  Mr, 
Coua  that  the  crater  has  again  been  gradually  filling  up.  In  No- 
vember, 1841,  there  was  little  action  except  in  the  great  lake.  In 
February,  1842,  the  same  condition  of  things  continued,  with  only 
an  increased  state  of  activity.  In  July,  1844,  Mr.  Coan  was 
near  when  the  large  lake  ovei-fiowed  its  maj^in  on  every  side, 
spreading  out  into  a  vast  sea  of  fire,  filling  the  whole  southern 
part  of  Uie  crater  as  far  as  the  black  ledge  on  either  side,  and  ob- 
literating the  outlines  of  the  cauldron.  Two  deep  fissures  opened, 
one  on  either  side  under  the  black  ledge,  and  nearly  encircled  the 
whole  southern  area.  The  precipitous  sides  of  one  were  two 
hnndred  feet  in  depth.  These  fissures  soon  became  filled  with 
the  flood  that  was  pouring  over  from  the  lake ;  and  in  one  place 
''  it  fell  in  a  cascade  of  fifty  feet,  producing  a  scene  of  terrifie 
sublimity."  In  a  letter  dated  June  26,  1846,  Mr.  Coan  states  that 
"  the  great  lake  is  intensely  active  most  of  the  time.  The  re- 
peated overflowings  have  elevated  the  central  parts  of  the  crater 
400  or  500  feet  since  1840,  so  that  some  points  are  now  more  ele- 
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vated  than  the  black  ledge."  In  a  letter  written  in  die  next 
month  to  a  friend  from  Rer.  Mr.  Lyman,  the  crater  is  described 
as  having  the  whole  interior  filled,  with  some  parts  of  the  centre 
standing  100  to  150  feet  above  the  black  ledge.  The  large  lake 
was  still  the  centre  of  greatest  activity. 

It  appears  then  at  the  last  mentioned  date  to  have  been  nearly 
in  the  condition  sketched  and  described  by  Captain  Kelley  in 
1839,  previous  to  the  eruption  of  1840,  except  that  the  action  had 
not  reached  the  same  degree  of  intensity. 

Through  a  letter  from  Lieut.  Henry  Eld,  U.S.N.,  we  learn  that 
in  the  spring  of  1849,  the  bottom  of  the  crater  was  still  as  last 
reported,  but  more  raised.  Yet  instead  of  an  increase  of  action, 
the  crater  was  unusually  quiet  The  lavas  had  subsided  in  the 
great  lake  and  it  seemed  as  if  the  fires  were  in  process  of  extinc- 
tion. The  action  was  far  less  than  in  1840,  when  Lieut  Eld  was 
at  the  crater  with  the  officers  of  the  Exploring  Expedition.* 

We  conclude  at  this  time  with  a  mention  of  one  or  two  deduc- 
tions from  the  facts  mentioned. 

1.  Frequency  of  Eruptions. — The  last  three  eruptions  of  ICi- 
lauea  have  taken  place  in  a  period  of  nineteen  years,  or  with  in- 
tervals of  eight  or  nine  years.  Between  the  years  1789  and  1823, 
there  may  have  been  a  season  of  comparative  quiet,  as  we  learn 
from  the  natives  of  no  great  eruption.  This  evidence,  however, 
is  by  no  means  decisive.  They  say,  in  general  terms,  that  erup- 
tions have  taken  place  during  all  their  kings,  and  assert  that  the 
crater  has  been  in  action  from  time  immemorial.  It  is  quite  pos- 
sible that  in  the  above  mentioned  interval,  there  were  submarine 
eruptions,  if  not  subaerial ;  and  very  probably,  the  latter  sJso  may 
have  taken  place.  The  statement  of  the  native  to  Mr.  Bishop 
that  the  lavas,  after  reaching  a  certain  height,  would  flow  oat  as 
they  had  formerly  done  under  the  sea,  is  evidence  that  they  were 
aware  of  this  mode  of  emptying  Kilauea  of  its  lavas.  In  six 
years  after  J  840,  the  lower  pit  was  again  filled,  and  since  then 
an  eruption  has  been  looked  for. 

2.  Phases  of  Volcanic  Action, — There  can  be  no  truth,  at  least 
as  regards  Mount  Loa,  in  the  principle  reasoned  out  at  length,  in 
an  able  article  on  volcanoes,  by  Bischof,t  that  the  phases  of  vol- 
canic action  depend  on  water  gaining  access  to  the  central  fires  of 
the  globe ;  for  the  evidence  is  certainly  conclusive  that  the  main 
action  of  waters  is  comparatively  near  the  surface.^ 

The  phases  of  volcanic  action  at  Kilauea  are  as  follows : — 
The  centres  of  action,  when  most  quiet,  are  reduced  to  a 
single  one,  which  occasionally  overflows.     This  overflowing 

*  The  papers  have  since  reported  an  eruption,  but  I  have  not  seen  the  report  coo- 
jBnned. 

f  Natwnd  Hittwry  of  Volcanoes,  hy  G.  Biscfaot  Jameson*8  Edmburgh  Joonial, 
zxri,  1880;  Amerioan  Jounud  of  Soienee,  xcnri,  249,  260. 

X  We  omit  here  the  arguments  on  this  point 


Digiti 


zed  by  Google 


Vohmic  Enifitifm$  m  HwfaiL  3M 

raises  the  boUom  of  the  crater ;  the  lavas  continue  to  boil  over, 
and  go  on  accumulating,  and  elevating  the  area  of  action ;  the 
pressure  is  consequently  gradually  increasing ;  the  action  becomes 
after  a  while  more  intense,  perhaps  in  part  from  the  increasing 
pressure,  and  the  increasing  height  to  which  vapors  ascend  be* 
fore  escaping ;  new  centres  of  ebullition  add  to  the  effect ;  finally, 
after  the  bottom  is  raised  400  or  500  feet  above  its  lower  level, 
these  centres  are  numerous,  the  ebullition  is  violent,  the  overflow* 
ings  almost  incessant; — at  last  the  increased  pressure,  in  addition 
to  the  force  of  rising  vapors  proceeding  from  the  increased  ac- 
tion, cause  a  rupture  through  the  mountain's  sides  and  the  lavas 
flow  out 

This  is  the  history  from  a  period  of  quiet  to  one  of  greatest 
activity.  If  the  larger  pool,  after  an  eruption,  should  become 
crusted  over,  as  happens  with  the  smaller  pools,  the  lava  sinking 
far  below  the  surface,  there  would  seem  to  be  a  state  of  inactivity. 
But  the  same  process  going  on,  the  surface  would  be  gradually 
reached,  and  the  work  would  be  continued  as  above  explained. 
This  is  mainly  a  result  of  the  passage  of  vapors  from  below, 
inflating  the  lavas  as  they  ascend,  producing  the  appearance  of 
ebullition,  and  occasioning  thus  the  rising  of  the  molten  ma- 
terial, and  the  overflowings.  The  scoria  is  the  froth  of  the 
surface  still  more  inflated,  like  the  scum  on  the  surface  of  a  boil- 
ing syrup.  Lavas  from  fissures  in  Kilauea  usually  are  not  scoria- 
ceous,  while  the  overflowings  of  the  lakes  have  a  crust  of  scoria 
4  to  10  inches  thick. 

To  compare  Kilauea  with  other  craters,  we  must  keep  in  mind 
this  important  point,  proved  by  the  absence  of  cinders  in  the  cra- 
ter, and  the  free  ebullition  there,  that  the  lavas  are  remarkably 
liquid,  while  those  of  other  craters  are  comparatively  viscid.  The 
ejections  of  the  great  lake  of  Kilauea  are  60  feet  in  height,  while 
those  of  Vesuvius  during  an  eruption  may  be  10,000  feet ;  and 
this,  though  not  a  direct  measure  of  their  relative  liquidity,  is  a 
consequence  of  it.  With  this  principle  in  view,  we  may  trans- 
late tli^  language  of  Kilauea  into  that  of  Vesuvius  or  Etna.  The 
phases  of  their  craters  may  be  of  the  same  general  nature,  and 
be  due  to  a  similar  mode  of  action,  varied  only  by  the  simple  fact 
of  the  greater  or  less  viscidity  of  the  lavas.  There  may  be  the 
same  succession  of  effects  with  the  same  results ;  and  periods  of 
quiet  and  violent  action  may  have  the  same  mutual  relations  and 
dependence.  We  need  look  to  no  extraordinary  influx  of  waters 
to  occasion  an  eruption,  as  the  eruption  is  a  result  of  a  progres- 
sive state  of  things,  perhaps  long  in  action.  I  do  not  here  deny 
that  such  a  paroxysmal  influx  of  waters  may  at  times  take  place, 
and  has  produced  results.  I  urge  only  that  they  are  exceptions ; 
and  that  phases  of  quiet  and  violent  activity  would  necessarily 
succeed  one  another  without  such  intervention. 
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The  same  gtadaally  acting  cause  will  also  prodace  occamonal 
violent  ruptures.  For  where  the  waters  for  a  period  find  slow 
access  to  any  centre  of  heat  within  the  volcanic  mountain  be- 
tieath  its  cover  of  rooks,  the  vapors  will  gradually  accumulate  till 
the  pressure  breaks  a  way  through  the  mountain,  to  give  exit  to 
the  vapors  together  with  the  compressed  lavas.  The  starting  of 
a  cork  from  a  bottle  of  soda  water  and  the  escape  of  the  liquid 
as  well  as  carbonic  acid  gas,  though  a  femiliar  incident,  depends 
on  a  general  principle,  with  regard  to  pressure,  to  which  even  the 
lavas  of  a  volcano  must  be  obedient.  The  sudden  outburst  of 
lavas  through  fissures  in  the  very  summit  of  the  walls  about 
Kilauea  may  be  of  this  character.  In  many  cases  violent  earth- 
quakes shoidd  attend  this  mode  of  action. 


Art.  XXXVI. — On  the  Chemical  Equivalents  and  Notation  of 
Laurent  and  Oerhardt;  by  Charles  Geruardt. 

(Translated  for  this  Journal,  from  the  Oomptes  Rendus  dee  TntTiMiz  de  Chimia^ 
Jaa,  1849,  by  T.  S.  Hdkt.) 

In  commencing  the  fifth  year  of  these  Comptes  Rendus,  in 
which  I  shall  have  for  the  future,  the  collaboration  of  M.  Laurent, 
I  wish  to  recall  the  principal  features  of  the  notation  which  we 
adopt  in  our  system,  and  which  appears  to  us  at  the  same  time 
more  simple  and  more  precise  than  the  dualistic  method.     *      • 

The  numerical  value  of  our  symbols  is  for  the  metalloids,  the 
same  as  in  the  notation  of  Berzelius,  but  for  the  metals,*  it  is  only 
one  half.  Thus  we  write,  H*0,  SO*,  SO',  P,  O,,  CO,  CO>, 
etc. ;  HCl,  HBr,  NH3,  have  likewise  the  same  significance,  as  in 
the  ordinary  notation :  but  in  the  metallic  combinations,  the  symr 
bol  of  the  metal  has  but  one  half  the  value  assigned  to  it  in  the 
Berzelian  formulas.f 

*  Except  for  arsenic,  antimony,  bismath  and  uranium,  which  have  the  same  Talue 
as  in  the  Berzelian  formulas. 

f  It  will  be  recollected  that  the  notation  of  Berzelius  as  followed  by  the  French 
chemists,  differs  a  little  from  that  generally  employed  by  the  Eogliah  and  German 
writers.  Berzelius,  from  a  consideration  of  their  combining  volumes,  waa  led  to  ad- 
mit that  oxygen  and  hydrogen  unite  to  form  water  in  the  proportion  of  1 : 2,  and 
consequently  to  write  the  formula  of  the  compound,  H2O.  In  accordance  with  this, 
he  divided  also  the  equivalents  of  the  so-called  halogen  elements,  dil(»ine,  braaune 
and  iodine,  and  designated  the  atom  of  hydrochloric  add,  corresponding  to  water, 
by  H2  CI2  ;  his  eauivalents  of  nitrogen,  pliosphorus,  arsenic,  antimonjr,  ete^  are  also 
one  half  those  of  the  English  chemists,  but  while  admitting  the  atomic  compoeitioD 
of  water  to  be  H2O,  he  conceived  the  true  equivalent  of  hydrogen  to  be  a  doubi* 
atoTHf  and  thus  made  H2  equivalent  with  K,  Zn,  etc.  MM.  Gerlutf^t  and  Laurent 
have  divided  in  the  same  way  the  equivalents  of  the  metals  proper,  mulring  H  the 
equivalent  of  K,  Zn,  etc — Trantlator. 
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Ejmmfki, 

NoMmqfBtn^Hm, 

Our  iMtolien. 

Sulphuret  of  hydrogen. 

H.S 
KS 

S{H,) 

Sulpburet  of  potassium, 

S(K,) 

Cblorid  of  hydro^n. 

H,CI, 

C1(H) 

Chlorid  of  potassiunii 

KCI, 

CI(K) 

Sulphuric  acid, 

SO^.U^O 

SO,  (H,) 

Sulphate  of  potash, 

SO3,  KG 

SO,  (K,) 
SO,(HK) 
SO,  (ZnK) 

Bisulphate  of  potash. 

S03,K0+S03 

,H,0 

Sulphate  of  ziuc  and  potash. 

S0-,K0+S03 
N  A.  H,0 

,ZnO 

Nitric  acid, 

NO3  (H) 

Nitrate  of  potash, 

N^O,,  KO 

NO,(K) 

The  principal  difference  consists  in  the  notation  of  salts,  which 
we  regaird  as  unital  in  their  constitution,  as  systems  in  which  the 
metal  may  be  exchanged  for  another,  without  affecting  the  ar- 
langment  of  the  mok^ular  structure.  (We  write  generally  the 
metal  in  parentheses.)  According  to  this  view,  the  cunds,  prop- 
erly called,  (the  hydiated  oxacids,  and  the  hydracids,)  are  salis^ 
in  which  the  metal  is  represented  by  hydrogen ;  the  oxyds  and 
sulphurets  have  the  same  claim  to  the  title  of  salts  as  the  sul- 
phates and  nitrates.  The  so-called  anhydrous  acids  we  look 
upon  as  a  peculiar  class  of  bodies,  (anhydrids,)  which  become 
acids  by  the  fixation  of  the  elements  of  water. 

We  fisuther  assume  that  one  and  the  same  body  may  have  two 
or  several  equivalents.  According  to  us  the  idea  of  an  equivalent 
implies  that  of  a  similarity  of  function,  and  it  is  known  that  one 
and  the  same  element  is  often  capable  of  playing  the  part  of  two 
or  of  several  other  very  different  elements ;  it  may  then  happen 
that  each  one  of  these  different  functions  corresponds  to  different 
proportions  of  the  first  element  On  the  other  hand,  we  some- 
times see  different  weights  of  the  same  metal,  as,  for  example, 
iron,  copper  or  mercury,  replace  the  hydrogen  of  acids  to  form 
salts,  which  although  containing  the  same  metal,  are  different  in 
their  properties.  The  metals  have  then  different  equivalents. 
Some  examples  will  make  this  important  proposition  more  plain. 

The  ferrous  and  ferric  sulphates  are  two  salts  which  contain 
for  the  same  quantity  of  oxygen  and  sulphur,  different  quantities 
of  [iron.  If  we  express  by  S  =  16,  the  quantity  of  sulphur,  by 
0=8  that  of  oxygen,  and  by  Fe=28  the  quantity  of  iron,  we 
shall  have, 

Ferrous  sulphate,     SO^  Fe      «     SO,,  FeO     >  Berzelian 

Ferric  sulphate,       SO^  Fe?    =  3S0 3,  Fe,0,  5  formulas. 

Thus  in  the  ferric  sulphate  there  are  but  two-thirds  the  quantity  of 
iron  which  exists  in  the  ferrous  sulphate ;  but  these  two-thirds  of 
Fe  are  the  equivalent  of  H,  E,  Na,  Zn,  etc.,  and  also  of  the  Fe 
in  the  ferrous  salts;  but  when  two-thirds  of  Fe  replace  H  in 
solphnric  acid,  or  E  in  the  sulphate  of  potash,  we  obtain  a  salt 
which  without  ceasing  to  be  a  neutral  sulphate,  possesses  proper- 
ties very  di&rent  from  those  of  the  ferrous  sulphate  where  Fe 
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entire,  replaces  H,  K,  Zn.  The  equivalent  Fe|  then  communi- 
cates to  the  sulpbatic  system  properties  as  different  from  those  of 
the  ferrous  sulphate,  as  would  be  those  of  a  sulphate  containing 
any  other  metal. 

Again,  in  the  mercurous  and  mercuric  chlorids  we  have  the 
same  amount  of  chlorine  united  to  different  quantities  of  the 
metal. 

Mercurous  chlorid,  Hg,  CI,  >  Be-^elian  formulas 

Mercuric  chlorid,  Hg  CI,  $  ^^^^^^  formulas. 

Hg,  in  the  mercurous  salts  is  the  equivalent  of  H,  E,  Na,  Pb,  etc., 
and  equally  of  Hg  in  the  mercuric  salts.  Mercury  has  then  ac- 
cording to  our  view,  two  equivalents  (mercuricum  and  mercura- 
sum),  as  compared  with  other  metals,  which  are  to  each  other 
as  1  :  2,  and  each  one  of  these  has  its  peculiar  properties. 

To  show  in  the  formulas  that  FeS,  Hgj,  represent  equivalents 
of  H,  E,  Na,  etc.,  we  often  replace  the  exponents  by  certain  signs, 
employing  the  Greek  letters  a,  |?,  y,  and  d,  in  place  of  the  num- 
bers 2, 1,  ij  i.  The  equivalents  of  H  in  the  following  salts  are 
then  thus  represented. 

2  =  « 

Cu  in  the  cupric  salts.        CUj,  or  Cua  in  the  cuprous  salts. 

Hg    "     mercuric  "         Hg,  or  Hga    "     mercurous  " 

Fe  in  the  ferrous  salts.       Fe|  or  Fe/?  in  the  ferric  salts. 

Al§  or  All?  "  aluminic  " 
Cr  "  chromous  salts.  Cr|  or  Crj?  "  chromic  " 
Mn  '^      manganous  <'      Mn|  or  Tiling    '^     manganic  ^^ 

i  =  r 

Sn   "      stannous  salts.      Sn}  or  Su)"  in  the  stannic  salts. 
Pt    "       platinous    "         PtJ  or  Pty      "      platinic    " 

B\i  or  Bi^  in  the  bismuthic  salts. 
SbJorSb^      "     antimonic    " 
Au^orAu^     "      auric  " 

Upon  this  plan  of  notation  we  write  the  formulas  of  these  salts 
as  follows : 

Battikm  notatioM,  Our  tutUUicn. 

Alum,  S03,K0  4-  AlaOa.SSOg+aiaq.  S04(Ki  A1^J>+^  aq. 

Sulphate  of  potash,    S0«,  KO  SO^/K,) 

Phosphate  of  soda,      P2O5, 2NaO,  H2O+24  aq.  PO^jNaoHj+ia  aq. 

Biphoephate  of  soda,  Pa05,NaO,2H20+2aq.  P04(NaH2)+aq. 

Phosphate  of  lead,      P205,3PbO  PO^fPhg) 

Phosphate  of  alumina,  PjOs,  AI2O3  PO^tAl/Sg) 

The  simplicity  of  the  new  notation  is  especially  evident  when 
applied  to  those  salts  which  contain  several  metals,  as  in  the  nat- 
ural silicates.  Take  for  an  example  the  formula  of  the  chlorite 
of  Slatoost,  which  in  the  notation  of  Berzelius  is  represented  by 
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8MgO,SiO,+Al,0„SiO,+2(MgO,4H,0). 
This  we  write, 

SiO,(Ali?|MgtHj), 

and  this  formula  reminds  us  at  once  that  chlorite  belongs  to  the 
silicates  of  the  form  SiOj  (M  J  *  for  1  +  1+1=4 

The  advantage  of  our  notation  consists  then  principally  in  this, 
that  it  expresses  all  the  salts  of  the  same  genus  in  the  same  man- 
ner ;  each  symbol  appears  but  once  in  a  formula.  Consequently 
y>€  denote  similar  compounds  in  a  similar  manner. 

In  the  notation  of  organic  substances,  we  take  their  volumes 
into  consideration,  when  they  are  bodies  which  are  volatile  with- 
out decomposition.  We  denote  these  always  by  the  same  nirai- 
ber  of  volumes,  and  the  non-volatile  compounds  derived  from 
them  by  similar  formulas.  Thus  for  the  monobasic  acids,  we 
take  as  an  equivalent  the  quantity  which  contains  (H)  one  equiv- 
alent of  basic  hydrogen ;  this  corresponds  to  two  volumes  of 
vapor.  The  derivatives  {non  binSmes,)  which  do  not  perform 
the  functions  of  salts,  are  represented  by  the  same  number  of 
volumes ;  in  case  these  derivatives  are  fixed,  we  take  as  an  equiv- 
alent the  quantity  produced  by  one  equivalent  or  yielding  one 
equivalent,  of  the  monobasic  acid.     For  example, 

BendiannaUaion.  Ournotation, 

Acetic  acid,     .     .  C,H,03,H,0  C^H^O^(K) 

Acetate  of  potash,  C,H,0,,  KO  C.HjO^CK) 

Ferric  acetate,  .     .  SC.H.Oj,  Fe,0,  C,H,0,(Fe|?) 

Chloracetic  acid,  .  C,0„C,C1„H,6  C,C1,0,(H) 

^^^"^T^^  ]  C.03,0.C1.,K0  C.C1.0,(K) 

Ferric  cWoracetate,  3(C,0„0,a,),Fe,0,  C.CljO^CFej?) 

Alcohol,      .    .     .  C,H,0  C.H.O 

Aldehyde,  .     .     .  C,H,0,  C,H;0 

defiant  gas,    .     .  CH,  C.H, 

The  bibasic  acids  not  being  volatile  without  decomposition,  the 
law  of  volumes  cannot  be  applied  to  them  directly,  but  these 
acids  give  by  decomposition,  volatile  anhydrids.  We  take  then 
as  the  formula  the  quantity  which  yields  two  volumes  of  an  an- 
hydrid.  These  acids  are  therefore  represented  with  two  equiva- 
lents of  basic  hydrogen  (H,).    Examples. 

Bendian  notaium.  Our  notation. 

Oxalic  acid,     .     .     C,0„H,0  C,0,(H,) 

Oxalate  of  potash,     0,0,, KO  C.O.CK,) 

Binoxalate  of  potash,  C.O,,  KO+C,0„  H.O        C,0,(HK) 

^^^J^^^^^     J  C,03,KO+3(C.O„H.O)     C.O,(H}Ki) 

•We write iOkaSiO;  (SiO,2M,0,«-SiO,(M4).) 

Digitized  by  VjOOQIC 


868         Chemical  Notatimt  of  Laurent  and  Cferkardi. 


In  the  same  manner  the  tribasic  acids  are  denoted  \rith  three 
equiiralents  of  basic  hydrogen,  (H,,)  as  in  the  following  ex- 
amples. 

Bertdian  WfUUion, 

Citric  acid,       .     .     3C,H,0^,2H,0 
Acid  citrate  of  potash,  30, H^O^,KO+H,0 
Se^nd^ciim.  of  ^  3c_H.O.,2KO 


OnrnotaUm, 

C.H.O,{HJ 
C.H.O,(KHf.) 

O.H,0,(K,H) 
C.H.O,(K,) 


By  analogy  we  represent  the  mineral  acids  also  with  H,  H,  or 
H,,  according  as  they  are  monobasic,  bibasic,  or  tribasic. 

Most  chemists  denote  organic  substances  by  formulas  which 
are  double  those  adopted  by  us,  but  all  these  formulas,  when  they 
are  exact,  may  be  divided  by  two  and  represented  in  our  notation. 

I  finish  this  introduction  by  a  table  of  the  proportional  numbers 
of  the  principal  simple  bodies,  with  the  numerical  value  that  is 
ascribed  to  them  in  our  notation. 


H=l. 

0=100. 

H=l. 

0=100. 

H 

Hydrogen,  . 

1- 

6-26 

CI 

Chlorine, 

.  36-6 

221-87 

Li 

Lithium, 

6-4 

4016 

K 

Potassium, 

.  39- 

243-75 

B 

Boron,     .    . 

10-8 

67-60 

Sr 

Strontium, 

.  44- 

27600 

0 

Carbon,  .    . 

12- 

7600 

Cd 

Cadmium, 

.  66- 

360-00 

Me  Magnesium, 

12- 

76-00 

Sn 

Tin,  .    . 

.  59- 

368-75 

Al 

Aluminium, 

13-7 

85-63 

Sb 

Antimony, 

.  64-6 

403-25 

N 

Nitrogen,     . 

14- 

87-60 

Ba 

Barium,  . 

.  68- 

426-00 

Si 

Silicon,  .    . 

14- 

87-60 

As 

Arsenic,  . 

.  76- 

468-60 

0 

Oxygen,      . 

16- 

100-00 

Se 

Selenium, 

.  78-6 

490-90 

Fl 

Fluorine,     . 

18-6 

116-86 

Br 

Bromine, 

.  80- 

600-00 

Ca 

Calcium, 

20- 

12500 

W 

Tungsten, 

.  96- 

600-00 

Na 

Sodium, 

23- 

143-76 

Pt 

Platinum, 

.  99- 

618-76 

Cr 

Chromium, . 

26- 

162-60 

Hg  Mercury, 

100- 

626-00 

Pe 

Iron,       .     . 

28- 

17600 

Pb 

Lead, 

104- 

650-00 

Ma 

Manganese, . 

28- 

176-00 

Ag 

Silver,     . 

108- 

675-00 

Ni 

Nickel,   .    . 

29-6 

186-00 

U 

Uranium, 

120- 

750-00 

Co 

Cobalt,   .    . 

29-6 

18600 

J 

Iodine,    . 

126- 

787-60 

Cu 

Copper,  .    , 

31-8 

198-76 

T 

Tellurium, 

128- 

800-00 

S 

Sulphur, 

32- 

200-00 

Au 

Gold,      . 

196- 

1226-00 

P 

Phosphorus, 

32- 

200-00 

Bi 

Bismuth, 

210- 

1312-50 

Zd 

Zinc,     .    . 

33- 

206-26 
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Abt.  XXXYII. — The  Natural  Rdathns  between  Animals  and 
the  Elements  in  which  they  Uve;  by  L.  Agassiz. 

Among  the  early  attempts  to  arrange  animals  in  a  systematic 
order,  we  find  almost  universally,  that  the  natural  elements  in 
which  their  different  tribes  live  are  introduced  as  the  fundamen* 
tal  principle  of  their  classification.  During  the  sixteenth  and 
seventeenth  centuries,  the  great  works  published  upon  natural 
history  by  Qesner,  Rondelet,  Belon,  Aldrovandi  and  others  ac- 
knowledge this  as  the  only  basis  of  their  arrangement  of  the  animal 
kingdom.  Even  at  a  later  period,  when  characters  derived  from 
the  animals  themselves,  rather  than  from  the  external  circum- 
stances in  which  they  dwell,  had  been  introduced  into  our  systems, 
we  still  find  a  prevailing  influence  of  such  considerations  upon 
the  circumstances  of  the  natural  subdivisions  of  animals.  As 
soon  however  as  the  study  of  comparative  anatomy  had  shed  its 
brilliant  light  upon  this  question,  those  views  were  entirely  aban- 
doned, and  the  whole  animal  kingdom  was  finally  arranged  ac- 
cording to  its  internal  structure.  The  introduction  of  this  prin- 
ciple was  hailed  as  a  new  era  in  the  history  of  our  science ;  and, 
after  Cuuier  had  applied  it  to  a  general  revision  of  the  whole  an- 
imal kingdom,  it  was  and  has  been  universally  acknowledged  as 
the  only  safe  foundation  of  a  natural  classification  of  animals. 

The  recent  progress  in  zoology,  and  of  the  various  branches  of 
natural  history  connected  with  it,  has  however  opened  the  pros- 
pect of  further  improvements,  even  upon  the  basis  on  which  our 
classification  at  present  rests.  For  embryology  is  already  display- 
ing its  vast  influence  upon  zoological  questions,  and  the  time  is 
not  far  distant,  when  its  share  in  the  natural  arrangement  of  ani- 
mals will  be  as  large  as  that  of  comparative  anatomy  itself,  and 
when  information  derived  from  all  possible  quarters  shall  have 
equally  its  due  influence  upon  our  natural  methods.  A  desire  to 
investigate  the  various  questions  bearing  upon  classification  has 
led  me  to  revise  the  subject  of  the  natural  relations  which  exist 
between  animals,  and  the  elements  in  which  they  live.  The 
counection  between  apimals  and  the  surrounding  media  in  which 
they  live  has  of  late  been  so  entirely  disregarded,  that  it  is  time 
to  reconsider  this  question  with  all  the  attention  its  importance 
demands,  since  we  find  in  it  a  decided  relation  to  the  stnicture 
and  functions  of  all  animals.  For  though  it  is  plain  that  the  mere 
living  in  water  or  upon  dry  land  is  in  itself  of  slight  importance, 
as  there  are  so  many  animals  which  dwell  in  the  two  elements 
although  having  the  same  identical  structure,  it  should  not  be 
oveilooked  that  the  greater  number  of  aquatic  animals  have  struc- 
tmral  peculiarities  common  to  all,  and  that  the  same  is  the  case 
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with  the  terrestrial  or  aerial  animals.  For  instance,  all  those 
which  live  upon  dry  land  breathe  directly  the  atmospheric  air, 
and  have  a  respiratory  apparatus  adapted  for  direct  intrcnluction  of 
this  element  into  their  systems,  while  aquatic  animals  breathe 
through  apparatus  of  a  different  structure  adapted  to  a  pernruuient 
contact  with  aerated  water.  This  circumstance  alone  would  suf- 
fice to  show  that  the  natural  relations  of  animals  with  the  ele- 
ments in  which  they  naturally  dwell,  is  in  direct  connection  with 
at  least  some  of  their  structural  peculiarities.  But  there  are  other 
circumstances  which  may  lead  to  the  conviction  that  this  connec-^ 
tion  has  not  merely  reference  to  the  structure  of  their  respiratory 
apparatus,  but  influences  their  whole  organization,  l^he  greater 
pressure  under  which  aquatic  animals  are  maintained  throughout 
their  life  modifies,  in  many  other  respects,  their  organization.  In 
many  of  them  the  surrounding  element  has  largely  a  direct  access 
into  the  cavities  of  the  body  or  even  into  their  tissues ;  so  that  a 
direct  and  universal  influence  of  the  jsurrounding  media  must  be 
acknowledged  throughout  the  animal  kingdom  as  soon  as  we  take 
into  consideration  all  their  peculiarities.  This  influence  will  be 
appreciated  more  correctly,  if  we  consider  it  separately  in  each 
great  group  of  the  animal  kingdom  as  established  upon  anatomical 
evidence. 

After  removing  the  Whales  from  the  Fishes,  it  will  be  plain 
that  the  Cetacea  must  be  considered  simply  as  an  aquatic  type  of 
the  class  of  Mammalia,  and  that  the  connection  which  exists  be- 
tween them  and  the  element  in  which  they  live  will  not  affect  at 
all  the  views  which  we  shall  entertain  about  that  class,  and  only 
allow  us  to  consider  within  more  natural  limits,  the  true  relation 
which  exists  between  fishes  and  the  natural  element  in  which 
they  are  found.  The  circumstance  that  so  many  birds  are  aquatic 
in  their  habits  will  no  longer  prevent  us  from  considering  the 
class  of  Birds  as  a  most  natural  group  in  the  animal  kingdom,  the 
limits  of  which  are  well  defined  by  anatomical  evidence ;  and  the 
relations  of  aquatic  birds  to  the  waters  upon  which  they  alight 
or  in  which  they  dive,  will  only  be  considered  within  the  limits 
of  a  well  circumscribed  natural  group.  The  same  may  be  said 
of  Reptiles ;  and  the  circumstance  that  so  many  of  their  types 
are  almost  entirely  aquatic,  while  others  are  terrestrial,  will  by  no 
means  prevent  us  from  viewing  them  as  a  natural  class,  in  which 
the  connection  with  either  main  land  or  the  water  shall  appear  as 
a  suboitlinate  feature. 

Again  the  class  of  Insects,  which  is  so  thoroughly  aerial  through- 
out almost  all  its  types,  at  least  in  their  perfect  state  of  develop- 
ment, circumscribed  as  it  is  within  natural  limits  upon  anatomical 
evidence,  will  appear  to  ns  as  a  type  which  shall  bear  no  relation 
in  our  mind  to  the  class  of  Birds,  althotigh  their  movement  through 
the  atmosphere  be  apparently  so  similar. 
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But,  although  we  remove  in  this  manner  almost  completely  the 
circumstance  of  animals  dwelling  either  in  water  or  upon  maia 
land  as  influencing  in  any  way  our  general  classification  of  the 
animal  kingdom,  it  were  a  great  mistake  to  lose  sight  entirely  of 
this  most  intimate  relation  among  the  natural  secondary  groups 
of  animals  under  their  diflerent  types. 

The  value  of  these  considerations  has  become  more  apparent, 
since  the  outlines  of  the  leading  divisions  in  the  animal  kingdom 
have  been  made  in  detail  by  allowing  the  results  of  embryology 
to  have  their  due  share  of  influence  upon  our  classification ;  and 
the  object  of  these  remarks  is  chiefly  to  show  that  there  is  a 
univer^  relation  throughout  the  animal  kingdom  between  their 
structure  and  gradation  and  the  elements  in  which  they  live ;  that, 
in  all  the  four  great  types  of  the  animal  kingdom,  the  aquatic 
groups  stand,  in  natural  classification,  lower  than  the  terrestrial, 
and  that  this  connection  is  so  intimate  as  to  extend  even  to  the 
subdivisions,  and  so  much  so,  that  I  have  arrived  at  the  conviction 
that  in  an  otherwise  well  defined  natural  division,  the  aquatic 
tribes  should  be  placed  below  the  terrestrial  ones  \  that  even  in 
narrowly  circumscribed  families  the  aquatic  genera  rank  below 
diie  terrestrial,  and  that  even  in  natural  genera  the  aquatic  species 
are  inferior  to  the  terrestrial  ones.  But  before  considering  those 
minor  divisions  let  us  take  a  general  glance  at  the  four  great  types 
of  the  animal  kingdom  beginning  with  the  Radiata. 

If  we  consider  the  type  of  Radiata  as  it  is  still  circumscribed  in 
some  of  our  most  recent  works  upon  the  animal  kingdom  in  gen- 
eral, we  may  fail  to  discover  this  intimate  connection  between 
their  natural  types  and  the  media  in  which  they  live.  But  if  we 
reduce  the  type  of  Radiata  to  those  classes  which  I  consider  as 
akme  truly  representing  that  type,  we  shall  be  at  once  struck  with 
the  remarkable  result,  that  all  these  animals  are  aquatic,  nay,  that, 
with  one  single  exception,  they  are  ail  marine.  But  before  this 
can  be  acknowledged,  it  must  be  shown  that  the  type  of  Radiata 
should  be  reduced  to  the  three  classes  of  Polypi,  Jelly-fishes  and 
Echinoderms ;  and  that,  among  Polypi,  there  are  large  numbere 
of  animals  now  united  which  do  not  all  belong  to  that  class. 
The  most  extensive  range  acknowledged  by  some  zoologists  in 
the  type  of  Radiata  includes  Infusoria  with  the  Rotifera  and  also 
intestinal  worms.  Without  entering  for  the  present  into  a  full 
discussion  of  the  natural  character  of  all  the  animals  which  have 
been  included  in  the  class  of  Infusoria,  I  may  limit  my  remarks 
to  a  few  critical  points,  in  order  to  show  that  the  Polygastrica, 
and  even  the  Rotifera  cannot  be  ranked  among  Radiata. 

In  the  first  place  Rotifera  constitute  a  particular  group  among 
Infusoria  as  Ehrenberg  himself  has  acknowledged.  They  difler 
so  completely  from  the  Polygastrica  as  to  forbid  entirely  their 
union  in  a  natural  classification.     The  only  question  is  whether 
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they  can  remain  anaong  Radiata,  and,  if  not,  where  they  should 
be  placed.  There  is  so  little  analogy  between  the  structure  of 
Rotifera  and  the  structure  of  true  Radiata^  that  ever  since  the 
beautiful  illustration  of  their  forms  and  stnicture  as  given  by 
Ehrenberg,  most  naturalists  and  anatomists  have  felt  inclined  to 
remove  them  to  another  type  of  the  animal  kingdom.  Their  re- 
semblance to  Articulata  has  appeared  to  some  so  striking  as  to 
warrant,  in  their  opinion,  their  removal  to  the  class  of  Crustacea, 
among  Entomostraca,  while  others  have  considered  them  as  more 
closely  allied  to  worms.  But  I  may  say  that  all,  or  almost  all, 
naturalists  at  present  understand  the  necessity  of  removing  them 
from  among  Radiata  into  the  great  type  of  Articulata. 

This  point  is  no  longer  in  question ;  the  only  remaining  doubt 
respecting  them  is  whether  they  should  rank  among  the  lower 
Crustacea,  or  among  the  worms  in  the  wider  sense.  As  for  the  Pol- 
ygastrica,  we  meet  with  greater  difficulties  in  attempting  to  classify 
them  ;  for  this  group,  as  understood  by  Ehrenberg,  consists  stiU 
of  most  heterogeneous  beings  which  do  not  even  ail  belong  to  the 
animal  kingdom.  Recent  investigations  upon  the  so-called  An- 
entera,  including  the  families  of  Baccillaria  and  Yolvocine  Infu- 
soria, have  satisfactorily  shown,  in  my  opinion,  add  in  that  of  most 
competent  observers,  that  this  type  of  Ehrenberg's  Polygastrica 
without  gastric  cavities,  and  without  an  alimentary  tube,  are  really 
plants  belonging  to  the  order  of  Algae  in  the  widest  extension  of 
this  group ;  while  most  of  the  Monas  tribe  are  merely  movable 
germs  of  various  kinds  of  other  Algae.  As  for  the  other  Polygas- 
trica which  Ehrenberg  combines  in  this  division  of  Ekiterodela,  I 
am  satisfied  that  they  also  constitute  still  a  heterogeneous  g^up 
belonging  to  different  types  of  the  animal  kingdom ;  and  that 
most  of  them,  far  from  being  perfect  animals,  are  only  germs  in 
an  early  state  of  development.  The  family  of  Yorticelte  exhibits 
so  close  a  relation  with  the  Bryozoa,  and  especially  with  the  genus 
Pedicellina,  that  I  have  no  doubt  that  wherever  Bryozoa  shoQld 
be  placed,  Vorticella  should  follow,  and  be  ranked  in  the  same 
division  with  them. 

The  last  group  of  Infusoria,  Bursar ia,  Paramecium  and  the  like, 
are,  as  I  have  satisfied  myself  by  direct  investigation,  germs  of 
fresh  water  worms,  some  of  which  I  have  seen  hatched  from  eggs 
of  Planaria  laid  under  my  eyes.  This  being  the  case,  we  see  that, 
without  exception,  the  whole  class  of  so-called  Infusoria  mvM  be 
dissolved  into  its  various  elements  and  divided  partly  among  the 
Articulata,  and  iMutly  among  Mollusca  in  the  widest  extension  of 
those  groups,  (it  it  can  be  shown  that  Bryozoa  belongs  also  to  the 
type  of  .Mollusca,)  that  large  numbers  of  them  belong  to  the  veg- 
etable kingdom,  and  others  are  simply  germs  of  other  types,  and 
that  no  single  one  of  them  belongs  to  the  type  of  Badiata. 
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If  we  next  consider  the  Polypi  we  find  them  constituting  an^ 
other  main  group  and  most  natural  class,  to  which  indeed  some 
heterogeneous  types  have  been  annexed;  upon  the  removal  of 
these  however  that  class  constitutes  a  very  natural  division  of 
the  type  of  Radiata  among  which  they  form  the  lowest  class* 
The  natural  groups  which  require  to  be  removed  from  Polypi  are, 
— first,  the  so-called  Hydroid  Polypi,  which,  though  truly  radiated 
animals,  do  not  belong  to  this  class,  but  are,  as  I  have  shown  from 
their  structure,  and  as  might  long  ago  have  been  inferred  from 
their  development,  true  members  of  the  class  of  Meduse,  among 
which  they  constitute  a  type  of  stalk  animals,  as  erinoids  among 
star-fishes.* 

The  Bryozoa  also  are  not  constructed  upon  the  plan  of  Radiata, 
as  has  long  been  shown  by  Milne  Edwards  and  others.  Their 
true  position  is  among  MoUusca,  and  embryonic  investigations 
upon  Ascidia  have  satisfied  me  that  Bryozoa,  compound,  and  sim« 
pie  Ascidia,  form  a  natural  series  of  well  connected  types  leading 
to  the  true  Acephala  among  ordinary  Mollusca,  among  which  Bry« 
ozoa  will  form  a  natural  group  of  compound  animals,  bearing  the 
same  relation  to  the  ordinary  bivalve  shells,  that  common  corals 
bear  to  the  simple  Actiniae  and  Fungi®.  Though  the  doubts  en» 
tertained  about  the  Foranrinifera  among  Bryozoa,  would  not  affect 
at  all  the  points  under  discussion,  I  may  as  well  state  at  once, 
that  I  have  arrived  at  the  conclusion  that  Foraminifera  constitute 
the  lowest  type  of  (Gasteropoda,  and  exemplify  under  permanent 
forms  the  state  of  division  of  their  germs  in  their  embryonic  de- 
velopment Thus  circumscribed,  the  class  of  Polypi  constitutes 
a  very  natural  group  containing  only  animals  of  an  identical  radi- 
ated structure,  the  organization  of  which  is  at  present  very  satis* 
fiictorily  known. 

The  class  of  Medusae  has  been  from  the  beginning  so  well 
characterized,  and  circumscribed  within  so  natural  limits,  that  it 
has  undergone  since  its  establishment  only  slight  modifications  by 
the  removal  of  some  few  'genera :  and  after  the  position  of  the 
soiled  Hydroid  Polypi  among  them  shall  have  been  generally 
acknowledged,  I  believe  it  will  undergo  scarcely  any  new  changes 
in  its  extension,  though  we  may  still  etped  extensive  improve- 
ments, which  are  indeed  very  much  needed,  in  the  characteristics 
and  internal  arrangement  of  their  natural  families.  Considering 
their  structure,  the  Medusoe  rank  immediately  above  Polypi. 

The  Intestinal  Worms  have  long  been  placed  among  Radiata, 
and  considered  as  a  natural  class  in  this  great  type  of  the  animal 

*  See  my  paper  upon  the  homologies  of  radiated  animals  with  reference  to  the 
cUwnfieatioQ  of  the  so-called  hydroid  polypi,  read  before  the  American  Association 
fior  the  Advancement  uf  Science,  held  in  Cambridge,  August  1849 ;  also  my  lectures 
upon  comparative  embryology,  delivered  before  the  Lowell  Institute,  Dec^  1848,  and 
Jbil,1S49. 
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kingdom,  notwithstanding  so  many  striking  differences  in  the  plan 
of  their  structure.  This  position  was  assigned  to  them  upon  the 
ground  of  the  radiated  arrangement  of  parts  around  the  h(»d,  and 
the  vascular  form  of  some  of  their  genera,  and  also  upon  the  sup- 
posed want  of  a  nervous  system  in  all  of  them.  But  since  the 
discovery  of  nerves  in  all  of  their  types,  and  since  the  most  inti- 
mate relations  have  been  discovered  between  them  and  so  many 
other  external  worms,  their  complete  separation  from  Annelides  as 
a  distinct  class  is  hardly  recognized  now  by  any  modern  investi* 
gator.  And  the  necessity  of  combining  the  intestinal  parasitic 
worms  into  one  great  natural  group  with  the  other  external  free 
worms  is  becoming  daily  more  evident  to  all,  so  that  whatever  po* 
sition  be  assigned  to  Annelides  in  the  great  type  of  Articulata, 
Helminths  have  to  follow  them,  and  must  therefore  be  removed 
from  the  type  of  Radiata.  This  point  is  undisputed  now,  though 
there  may  be  a  difference  of  opinion  as  to  the  propriety  of  admit* 
ting,  to  one  great  class,  all  Worms,  or  of  subdividing  them  into 
minor  natural  groups. 

The  third  class  among  Radiata  is  that  of  Echinoderms,  which 
has  been  circumscribed  within  most  natural  limits  since  the  re- 
union of  Holothuriffi  and  Crinoids,  with  the  common  star-fishes 
and  true  Elchini.  Whoever  is  familiar  with  the  embryonic  devel- 
opment of  Echinoderms,  which  has  been  extensively  investiga- 
ted of  late,  will  acknowledge  an  intimate  relation  between  them 
and  the  other  two  classes  of  Radiata,  and  not  be  willing  to  assent 
lo  the  proposed  separation  of  Ek^hinoderms  as  one  great  type  in 
the  animal  kingdom,  placed  upon  an  equal  footing  with  Mollusca, 
and  will  consider  their  separation  from  Polypi  and  Medusas,  as 
proposed  by  Dr.  Leuckardt,  rather  as  a  retrograde  step,  than  as  an 
improvement  upon  the  general  classification  of  animals.  To  me 
the  type  of  Radiata,  embracing  the  three  classes  of  Echinoderms, 
Medusae  and  Polypi,  constitutes,  in  its  circumscription  illustrated 
above,  a  most  natural  group  of  the  animal  kingdom,  all  the  mem- 
bers of  which  are  intimately  connected  by  a  close  uniformity  in 
the  plan  of  their  structure,  but  present  a  remarkable  gradation 
of  their  types  in  the  manner  in  which  this  structure  is  developed 
in  each  of  their  classes.  '  And  the  circumstance  that  even  in  the 
higher  ones,  which  contain  chiefly  free  movable  animals,  we  have 
some  few  representatives  attached  permanently  to  the  soil  upon  a 
Polyp-like  stalk  bearing  the  radiated  animal  crown,  shows  further 
the  intimate  connection  which  exists  between  them  all.  Radiata 
consist  therefore  of  three  classes  only,  which  in  their  natural  gra- 
dation rank  as  follows :  Polypi,  lowest,  next,  MedussB,  and  high- 
est, Echinoderms 

As  soon  as  we  have  removed  in  this  way  all  the  classes  or  fam* 
flies  which  do  not  strictly  belong  to  the  type  of  Radiata,  we  catj- 
not  fail  to  perceive  at  once  that  all  the  remaining  animals  which 
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must  be  considerad  as  trnly  radiate  are  not  only  all  aqnatic,  but, 
vrith  a  single  exception  of  the  genus  Hydra,  ail  strictly  maritie ; 
from  which  we  are  allowed  to  infer  that,  in  the  plan  of  the  crea- 
tion,  the  radiated  structure  is  incompatible  with  a  terrestrial  mode 
of  life.  We  see  that  the  lowest  degree  of  development  of  the 
whole  animal  kingdom  is  entirely  marine  ;  and  that  it  has  been  so 
throughout  all  ages  in  the  history  of  our  globe,  is  shown  by  the 
large  numbers  of  Radiata  found  from  the  earliest  periods  through 
all  geological  epochs  up  to  the  most  recent,  and  the  entire  absence 
of  radiated  animals  in  any  of  the  fresh  water  deposits.  The  cir^ 
eomstance  that  no  single  genus  among  Radiata  contains  fresh  wai- 
ter animals,  further  shows  that  this  type  in  its  main  features  is  not 
better  adapted  for  a  fluviatile  existence ;  or,  we  may  say  in  other 
words,  that  the  plan  involved  in  the  structure  of  radiated  animals 
is  chiefly  adapted  to  the  sea.  We  might  perhaps  even  say,  if,  in 
this  stage  of  the  investigation,  it  would  not  seem  premature  to 
go  so  far,  that  the  lower  types  of  animals  are  not  only  entirely 
aquatic,  but  exclusively  marine.  The  fact  of  so  large  a  number 
of  aquatic  animals  as  Radiata  being  so  exclusively  marine,  un- 
doubtedly shows  that  the  connection  of  organic  structure  with  the 
ocean,  involves  peculiar  circumstances,  which  fresh  waters  by 
no  means  afford  to  a  similar  extent.  Whether  this  is  especially 
connected  with  the  greater  density  of  the  medium  or  not,  I  am 
not  fully  prepared  to  say,  though  I  am  inclined  to  believe  that  it 
is  so,  from  the  circumstance  that  Radiata  are  so  constantly  killed 
by  the  contact  of  fresh  water,  as  I  have  ascertained  by  direct  ex* 
periment  upon  Polypi,  Medussd  and  Echinoderms,  some  of  which 
are  struck  with  almost  instantaneous  death,  when  brought  into 
freA  water,  and  decompoee  with  astonishing  rapidity.  I  have 
seen  on  dropping  an  Ophiura  into  fresh  water,  all  the  articulations 
dismembered  and  entirely  separated  within  a  few  minutes. 

No  one  of  the  three  other  great  types  of  the  animal  kingdom 
is  either  so  exclusively  marine,  or  even  so  exclusively  aquatic  as 
that  of  Radiata.  For  among  Mollusca  we  have  quite  a  number  of 
terrestrial  genera,  and  even  a  large  nnmber  of  fresh  water  genera 
and  families. 

Among  Articulata  we  notice  also  large  numbers  of  fresh  water 
species,  and  a  still  larger  number  of  terrestrial  forms.  Finally, 
among  Yertebrata  we  find  the  most  promiscuous  occurrence  of 
marine,  fresh  water  and  terrestrial  forms.  It  is  now  import* 
am  to  ascertain  whether  we  may  trace,  beyond  Radiata,  a  direct 
lelatkm  between  structure  and  the  element  in  which  animals 
live,  and  whether  the  gradation  ot  this  structure  has  any  refer- 
ence to  the  surrounding  media  as  it  unquestionably  has  among 
Radiata. 

Let  us  first  consider  Mollusca,  and  perhaps  revise  their  classes 
in  a  zoological  point  of  view  before  undertaking  the  investigatioa 
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of  their  relations  to  the  media  in  whieh  they  dvnell,  allowing  in 
this  revision,  a  due  influence  to  embryology  as  far  as  it  can  influ- 
ence this  question  at  present 

The  number  of  classes  which  should  be  admitted  among  Mol- 
lusca,  is  the  first  point  of  importance  we  have  to  consider.     Since 
the  Barnacles  or  Cirripedia  which  Cuvier  still  considered  as  a 
class  among  Mollusca,  are  now  known  to  belong  to  the  type  of 
Articnlata,  and  to  be  most  conveniently  combined  with  Crusta- 
cea, we  have  five  class^  of  Mollusca  left,  if  we  follow  Cuviers 
arrangement  of  these  animals,  as  he  distinguishes  Cephalopoda, 
Pteropoda,  Gasteropoda,  Acephala  and  Brachiopoda,  as  so  many 
distinct  classes  of  the  type  of  Mollusca  in  the  order  of  gradation 
just  mentioned.    It  will  hardly  be  necessary  at  present  to  insist 
upon  the  close  relation  which  exists  between  Brachiopoda  and  the 
other  bivalve  shells.    Indeed,  anatomical  investigations  of  these 
animals  have  shown  that  they  are  not  only  constructed  upon  the 
same  plan,  but  that  the  diflerences  between  Brachiopoda  and  or- 
dinary Acephala,  are  scarcely  as  great  as  the  diflerences  which  ex- 
ist between  Ascidia  and  Lamellibranchiate  Acephala,  which  Ca- 
vier  nevertheless  placed  in  one  and  the  same  class.     We  shall 
therefore  consider  Tunicata,  Brachiopoda  and  Diphjrra,  as  one 
great  natural  class  under  the  name  of  Acephala,  to  which  we  also 
refer,  as  mentioned  above,  the  type  of  Bryozoa,  which  has  been 
80  long  combined  with  Polypi.   As  to  Pteropoda  and  Grasteropoda, 
though  they  are  still  generally  considered  as  two  classes,  we  shall, 
for  reasons  ex|dained  elsewhere,*  and  from  embryological  evi- 
dence, place  Pteropoda  below  Grasteropoda  proper,  not  as  an  imer- 
mediate  type  between  Gasteropoda  and  Cephalopoda ;  for,  Pterop- 
oda are  rather  an  embryonic  type  exemplifying,  in  a  permanent 
form,  that  stage  of  development  of  conunon  Gasteropoda,  when 
they  are  provided  with  large  vibracula,  and  a  thin  s3muDetrical 
shell  deciduous  in  so  many  of  them  ;  bearing  to  that  state  of  de* 
velopment  of  the  common  Gasteropoda  the  same  relation  which 
Foraminifera  bear  to  a  still  earlier  period  of  their  embryonic 
growth,  when  the  yolk  is  undergoing  its  process  of  gradual  succes- 
sive division,  which  seems  to  me  to  be  exemplified  in  a  perma- 
nent form  in  the  numerous  cells  into  which  the  body  of  Polythal- 
amia  or  Foraminifera  is  naturally  divided.    If  this  view  be  cor- 
rect, the  class  of  Gkisteropoda  would  therefore  consist  of  the  three 
types  of  Foraminifera,  Pteropoda  and  true  Gasteropoda,  among 
which  we  would  place  the  Heteropoda,  lowest,  and  the  Pulmonata 
highest,  both  on  account  of  their  structure,  and  on  the  ground  of 
the  peculiar  mode  of  development  of  Pulmonata. 


*  See  a  paper  upon  tlic  homologies  of  Gasteropoda  and  Acephala  with  reference 
to  the  Bystematic  position  of  Pt^poda,  Foraminifera,  Brachiopoda  and  Bryoaoa, 
nftd  before  the  Ammcan  Aaeooiatioa,  ^ 
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The  third  class  is  that  of  Cej^ialopoda,  which  has  always  been 
circumscribed  within  natural  limits,  since  Foraminifera  have  been 
lemoved  from  it  The  position  which  I  ascribe  here  to  Foram- 
inifera will  appear  very  natural  to  those  who  are  equally  conver- 
not  with  the  succession  of  fossil  types  in  geological  periods,  and 
with  embryology,  and  who  know,  as  we  have  seen  it  to  be  the 
case  also  among  Radiata,  that  the  higher  classes  reproduce  in  their 
.  lower  forms,  types  analogous  to  the  lower  ones.  For  the  great 
nomber  of  fossil  chambered  shells,  existing  in  earlier  geologicd 
periods,  is  very  striking  when  we  compare  those  old  represents* 
tives  of  the  class  of  Cephalopoda  with  their  condition  in  the  pres- 
ent period  of  the  creation,  and  the  natural  gradation  and  analogy 
between  Bryozoa  as  the  lowest  type  of  Acepbala,  with  the  For* 
aminifera  as  the  lowest  type  of  Gasteropoda,  and  the  chambered 
shells  of  old  ages  as  lower  types  of  Cephalopoda  will  remind  us 
of  similar  relations  between  Polypi  as  the  lowest  type  of  the  ani« 
mal  kingdom,  the  so-called  Hydroid  Polypi  as  the  lowest  type  of 
Acalepbae,  and  Crinoids  as  the  lowest  type  of  Echinoderms,  which 
are  strictly  parallel  cases  in  two  of  the  great  types  of  the  animal 
kingdom. 

If  we  now  start  firom  these  modifications  in  the  classification  of 
MoUusca  which  rest  entirely  upon  anatomical  and  embryological 
considerations,  to  appreciate  the  relations  between  the  three  classes 
of  this  type,  and  the  media  in  which  they  naturally  live,  we  can- 
not £ul  to  be  struck  with  the  circumstance,  that  all  Acephala,  with 
one  single  exception,  are  aquatic,  as  are  also  Cephalopoda ;  and  that 
we  have  only  terrestrial  representatives  among  Grasteropoda.  Next 
it  nuist  be  obvious,  that  among  Acephala  we  have  fewer  fresh 
water  representatives,  than  among  Gasteropoda,  as  the  fresh  water 
types  of  Acephala  belong  truly  to  two  groups  one  of  which  has 
very  few  fresh  water  families,  whilst  among  Gasteropoda  we  have 
quite  a  variety  of  fluviatile  and  terrestrial  types. 

The  first  thing  which  must  strike  us  in  this  type,  when  con- 
trasting it  with  the  Radiata,  is  the  circumstance  of  a  far  larger 
proportion  of  fresh  water  forms  and  of  the  introduction  of  a  num- 
ber of  terrestrial  ones.  This  simple  fact  in  itself  would  go  to  sus- 
tain the  hint  thrown  out  above,  that  a  higher  organization  in 
the  animal  kingdom  is  better  adapted  to  the  fluviatile  and  terrea- 
trial  life,  than  a  lower  structure ;  as  among  Radiata  we  have  not 
one  single  terrestrial  type,  and  only  a  single  fluviatile  one ;  whilst 
the  Molluaca,  the  structure  of  which  is  formed  upon  a  plan  deci- 
dedly higher  than  that  of  Radiata,  present  already  a  large  increase 
of  fluviatile  types,  with  the  addition  of  very  many  terrestrial 
ones.  But  this  view  will  at  once  be  sustained  to  a  most  unex- 
pected extent  if  we  consider  which  of  the  Mollusca  are  aquatic, 
and  marine,  which  are  fluviatile,  and  which  are  terrestrial.  Be- 
ginning wiUi  the  Acephala,  we  have  then,  in  the  first  place,  all  the 
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Polyp-like  Bryozoa;  and  Tunicata,  and  the  compound  Tunicata, 
entirely  marine,  with  the  exception  of  a  few  genera  of  fresh  water 
Bryozoa.  And  it  is  very  interesting  to  notice  that  fresh  water  ani- 
mals among  Mollusca  are  of  the  lowest  type  of  their  class,  as  also 
was  the  first  and  only  fresh-water  Radiate, — showing  thus  that  the 
types  to  which  they  belong  are  not  adapteid  to  rise  into  any  of  their 
higher  developments  into  the  forms  best  fitted  for  other  elements. 

Next  we  notice  the  Brachiopoda  which  are  all,  without  excep- 
tion, marine.  Next  Lamellibranchiata,  mostly  marine,  though 
some  of  their  types  are  fluviatile.  So  the  entire  class  of  Acephala 
is  aquatic  and  chiefly  marine,  and  its  fluviatile  types  belong  to  its 
lowest  group,  and  to  its  highest.  This  circumstance  has  raised 
the  question  with  me,  what  is  the  proper  position  to  assign  to  the 
Naiades  among  the  Lamellibranchiata,  ana  upon  due  consideration 
of  their  peculiar  characters,  and  especially  of  the  circumstance 
that  their  mantle  is  entirely  open,  that  they  have  no  prolonged 
syphons  whilst  there  are  such  even  among  Ascidia,  I  am  inclined 
to  suppose  that  they  rank  highest  among  Lamellibranchiata  and 
that  Monomyarians  should  rank  between  Brachiopoda  and  Dimya- 
rians.  The  reason  for  assigning  to  Naiades  this  higher  rank  re^s 
upon  the  homology  traced  between  the  foot  of  Gasteropoda  and 
that  of  Acephala,  and  between  the  reduction  of  the  mantle  upon 
the  sides  of  the  foot  which  it  no  longer  encloses  in  Grasteropoda, 
and  also  the  higher  position  of  the  gills  under  the  margins  of  the 
mantle,  all  peculiarities  in  which  Naiades  bear  closer  resemblance 
to  common  Gasteropoda,  than  any  other  of  the  Acephala.  Thus 
this  class  of  Acephala,  though  chiefly  marine,  with  a  few  repre- 
sentatives of  its  lowest  types  in  fresh  water,  would  reach  its 
highest  degree  of  development  in  one  family,  which  is  entirely 
fluviatile. 

Among  G^teropoda  we  have  again  Foraminifera  as  the  lowest 
•  type  entirely  and  without  exception  marine ;  Pteropoda,  which 
rank  next,  entirely  and  without  exception  marine ;  Heteropoda 
which  follow,  equsdly  marine ;  and  among  tnie  Chisteropoda,  which 
in  their  class  are  decidedly  the  highest,  we  find  first,  fluviatile  and 
then  terrestrial  families.  And  now  the  question  is,  among  these, 
what  is  the  respective  position  of  the  marine  families,  of  the  flu- 
viatile families,  and  of  the  terrestrial  famiilies.  There  are  among 
diem  such  structural  peculiarities  as  will  decidedly  settle  the  ques- 
tion. If  we  set  aside  for  a  moment  the  few  branchiate  fresh 
water  Gasteropoda,  we  have  a  large  number  left  which  are  puU 
monate,  and  which  live  in  fresh  water  and  upon  land,  and  which 
as  a  whole  we  may  contrast  with  the  branchiate  true  Gasteropoda, 
which  are  almost  all  marine,  with  the  few  exceptions  of  YaJvata 
and  Paludina  and  Ampullaria.  Now  which  of  these  two  types 
rank  highest  will  not  be  a  matter  of  doubt  as  soon  as  it  is  remem- 
bered that  Phlefaenterata  are  among  branchiate  Gasteropoda,  and 
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by  their  general  strucUure,  rank  below  the  others.  So  that  we 
shall  have  the  marine  branchiate  Gasteropoda  follow  immediately 
the  Heteropoda  to  which  they  are  more  or  less  closely  allied 
'  through  the  Phlebenterata,  and,  above  all,  the  Pulmonata.  But 
here  arises  a  new  question.  This  family  of  Grasteropoda  is  partly 
flaviatile  and  partly  terrestrial,  and  we  may  further  ask,  which 
should  rank  higher?  No  one  familiar  with  the  forms  of  these 
animals  will  hesitate  in  answering  this  question.  We  need  only 
compare  the  development  of  their  tentacles,  their  forms  and  posi- 
tion, and  the  development  of  their  oi^ans  of  sense,  to  be  satisfied 
that  Helices  and  Limax  rank  above  Planorbis  and  LimnaDa.  So 
that  the  natural  gradation  established  by  their  structure  among 
the  upper  groups  in  the  class  of  Gasteropoda,  agrees  with  their 
natural  connection  with  the  elements  in  which  they  live  in  the 
order  which  I  have  assigned  to  these,  the  types  of  Gasteropoda 
which  are  lowest  being  exclusively  marine ;  the  highest,  equally 
floviatile  and  terrestrial  ,*  and  among  these  the  fluviatile  ranking 
immediately  above  the  marine,  and  the  terrestrial  ranking  highest, 
and  the  proportion  of  the  fluviatile  in  the  whole  class  being  still 
larger  than  in  the  class  of  Acephala,  inasmuch  as  the  structure 
of  Gasteropoda  is  also  a  higher  degree  of  development  of  MoUusca  * 
than  that  of  Acephala,  and  the  first  terrestrial  type  in  the  animal  • 
kingdom  in  the  gradation  of  its  structure  making  its  i4>pearance 
in  ^  class  of  Gasteropoda. 

The  Cephalopoda  are  highest  among  Moll  usca  as  a  class.  They 
rank  so  high  as  to  rival  in  .the  complication  and  development 
of  their  structure  even  some  of  the  Yertebrata,  and  strange  to 
say,  we  have  among  them  only  marine  types,  not  a  single  flu- 
viatile reiNnesentative,  nor  a  single  terrestrial  one.  This  fact 
would  at  first  seem  to  be  in  direct  contradiction  with  the  state-  ; 
ments  muade  before,  if  it  were  not  for  the  circumstance  that  this  ' 
class  in  itself  as  represented  in  our  days  does  not  seem  altogether . 
reduced  in  comparison  with  the  other  two,  if  we  could  not  be 
satisfied  that  its  perfect  period  of  development  were  the  former 
geological  ages  when  its  numbers  were  far  greater  than  at  present, 
a  circumstance  which  places  the  whole  class  in  peculiar  relations 
to  its  type,  which  must  be  rather  appreciated  under  the  point  of 
view  of  the  conditions  which  prevailed  in  former  ages,  when 
the  ocean  covered  more  extensively  the  whole  surface  of  the 
globe  than  at  present ;  so  that  the  type  with  its  high  organization 
most  be  considered  more  with  reference  to  its  development  in 
former  ages,  than  to  what  it  is  now,  as  at  present  the  class  is  pro- 
portionally reduced,  and  it  is  well  known,  and  it  will  be  further  • 
mentioned  with  reference  to  other  types,  that  in  earlier  periods 
however  high  animals  might  have  ranked  by  their  structure,  they 
were  all  marine,  as  we  know  fishes  to  have  been  the  only  repre<^ 
sentatives  of  Yertebrata  in  earlier  periods. 
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At  this  stage  of  the  investigation,  a  comparison  between  Mol- 
lusca  and  Radiata  shows  that,  though  the  former  advance  farther 
in  their  fluviatile  development,  and  even  reach  with  some  few  of 
their  tjrpes  a  terrestrial  mode  of  existence,  there  is  not  yet  a  single 
family  among  them  which  is  entirely  terrestrial,  nor  a  single  class 
which  is  either  entirely  fluviatile  or  terrestrial,  this  connection 
with  the  higher  conditions  of  existence  being  only  introdaced 
among  some  few  of  their  representatives,  which  we  are  allowed 
from  other  data  to  consider  as  the  highest  in  their  respective 
groups. 

If  we  now  pass  to  the  great  group  of  Articalata  and  begin  as 
before  by  revising  their  zoological  arrangements  as  based  upon 
anatomical  and  embryonic  data,  we  shall  have  at  the  outset  to 
settle  the  limits  of  their  classes,  and  theirTelative  positions. 

The  first  point  which  we  have  here  to  investigate  is  the  ques- 
tion whether  Articulata  in  the  widest  extension  of  this  group  con- 
stitute one  single  natural  type,  or  whether  they  should  be  subdi- 
vided into  two  equivalent  groups,  as  has  been  proposed  by  those 
who  would  restore  the  division  of  worms,  in  its  widest  sense,  as  a 
great  division  equal  in  zoological  importance  to  the  type  of  Mol- 
lusca,  and  unite  the  Arthropoda,  Crustacea,  and  Insects  to  form 
another  group  of  equal  value. 

The  great  diversity  among  worms,  seems  at  first  to  warrant  in 
some  degree,  such  an  arrangement.  But  as  soon  as  we  consider 
the  metamorphosis  which  insects  undergo,  and  compare  their 
earliest  stages  of  growth  with  the>  structure  and  forms  of  worms, 
we  cannot  fail  to  perceive,  that  notwithstanding  the  many  pecu- 
liarities which  characterize  worms,  they  are,  after  all,  only  one  of 
the  permanent  modifications  of  the  same  type  as  Crustacea  and 
insects,  among  which  last  the  characters  and  forms  of  a  large  num- 
ber of  worms  are  reproduced  as  transient  states  of  growth ;  so 
that  upon  the  most  natural  view,  and  especially  if  we  allow  embry- 
ology to  have  its  due  weight  in  fixing  our  opinion,  we  must  con- 
sider worms  with  all  their  diversified  forms,  Crustacea  in  all  their 
diversity,  and  Lepades,  Arachnidse  and  Insects,  to  constitute  one 
single  undivided  natursd  type  in  the  animal  kingdom.  Assuming 
upon  the  foundation  alluded  to,  and  without  entering  into  a  de- 
tailed argument  upon  this  question,  that  this  is  the  right  view  of 
this  subject,  the  next  question  is  about  the  number  of  classes  into 
which  these  Articulata  should  be  subdivided.  Taking  here  again 
anatomical  and  embryological  evidence  as  our  guide,  and  rementi- 
bering  what  was  said  above  of  intestinal  worms  we  ^all  find  that 
the  most  natural  combination  of  the  different  groups  of  Articulata 
will  bring  them  all  into  three  classes,  one  containing  those  in 
which  the  body  is  either  more  or  less  distinctly  articulated,  or  in 
which  indications  of  transverse  wrinkles  in  the  skin  are  scarcely 
marked,  or  wholly  wanting,  but  in  which,  however  developed  theas 
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joints  may  be,  they  never  combine  in  such  a  manner  as  to  divide 
the  body  into  distinct  ridges,  in  which  the  form  is  always  elonga* 
ted  and  vermiform,  never  provided  with  articulated  rings,  however 
numerous  and  diversified  the  locomotive  appendages  may  be,  and 
in  which  the  foremost  joints  hardly  ever  assume  a  peculiar  struc* 
tare  with  the  appearance  of  a  head.  This  class  for  which  the 
name  of  Worms  is  best  retained,  will  contain  the  Helminths  and 
Annelides  exclusive  however  of  the  vermiform  parasitic  Crusta* 
cea,  which  embryology  has  taught  us  to  refer  unhesitatingly,  to 
the  class  of  Crustacea.  The  extraordinary  diversity  which  exists 
among  these  animals  renders  it  rather  difficult  to  subdivide  them 
into  natural  groups,  and  to  assign  to  these  groups  a  natural  suc- 
cession agreeing  with  the  gradation  of  their  structure,  as  there 
are  so  many  the  development  of  which  is  as  yet  very  imperfectly 
known,  and  others  which  undergo  so  complicated  metamorphoses 
as  to  leave  great  doubt  respecting  their  natural  relations  to  each 
other.  However,  there  can  be  no  doubt  that  Helminths  rank 
lower  than  Annelides,  for  their  structure  indicates  plainly  their 
inferiority,  and  their  mode  of  existence  within  other  animals 
shows  that  they  do  not  even  reach  that  degree  of  independence 
which  might  allow  them  a  free  existence. 

Among  Annelides  again  there  will  arise  similar  difficulties  re* 
specting  the  relative  position  of  the  branchiate  types  of  that  group 
which  are  provided  with  external  appendages  performing  simul- 
taoeoasly  the  functions  of  respiratory  and  locomotive  organs,  and 
those  families  which  are  deprived  of  external  appendages,  or 
which  have  stiff  bristles  upon  their  joints,  independent  of  their 
aerial  respiratory  organs.  Indeed  at  present  the  position  of  earth 
worms  and  leeches  among  Annelides,  has  not  been  the  subject  of 
any  direct  investigation  as  regards  their  relative  position  and  rank* 
Bat  if  I  were  allowed  to  be  guided  by  the  impressions  I  have  re« 
oeived  from  the  study  and  comparison  of  the  larvsB  of  insects,  I 
should  be  inclined  to  consider  the  annelides  with  external  gills  as 
inferior  to  those  which  have  no  such  appendages,  and  place  the 
lumbricine  Annelides  highest  in  the  class.  So  that  Helminths 
should  be  placed  lowest  in  the  class  of  worms ;  next  the  Branchi- 
ate Annelides  with  external  branchiae ;  next  those  having  internal 
branchiae,  and  highest  those  with  aerial  respiratory  sacks. 

The  second  class  in  the  type  of  Articulata  is  that  of  Crustacea, 
the  natural  circumscription  of  which  can  hardly  be  in  any  degree 
a  matter  of  doubt,  for  these  animals,  with  their  distinct  articula- 
tions, and  aquatic  mode  of  respiration,  external  appendages  and 
particular  mode  of  combination  of  the  rings  of  their  body,  where- 
ever  Uiey  are  combined  to  subdivide  the  body  into  distinct  regions, 
are  so  peculiar  as  to  determine  well  the  natural  limits  of  this  class, 
to  which  we  refer  also  the  Cirripeda  notwithstanding  their  trans- 
formations, also  the  Lemsean  parasites,  though  they  may  assume 
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in  their  parasitic  mode  of  existence  so  extravagant  forms,  and  an 
appearance  so  entirely  different  from  that  of  common  Crustacea. 
In  this  class,  again,  the  parasitic  vermiform  types  rank  lowest ; 
next  follow  the  Entomostraca,  and  highest  the  Malacoetraca,  in 
most  of  which  the  anterior  rings  are  combined  into  a  distinct  re- 
gion, assuming  a  peculiar  appearance  differing  widely  from  the 
posterior  free  movable  rings.  The  circumstance  that  among  Crus- 
tacea the  organization  reaches  a  point  where  the  anterior  part  of 
the  body  assumes  so  peculiar  an  appearance,  leaves  no  doubt  as 
to  the  relative  position  of  Crustacea  among  Articulata ;  they  rank 
higher  than  worms ;  though  they  must  be  placed  below  the  in- 
sects notwithstanding  their  perfect  circulation  and  their  Otherwise 
highly  developed  structure  ;  for,  in  every  respect,  insects  consid- 
ered as  a  whole  class,  are  more  highly  organized,  their  higher 
types  assuming  a  division  of  the  body  into  three  distinct  regions ; 
— undergoing  also  far  more  extensive  metamorphosis,  and  assum- 
ing finally  an  aerial  mode  of  respiration,  to  whidi  the  Crustacea 
do  not  reach.  For  these  reasons,  which  I  have  illustrated  more 
fully  on  another  occasion,  I  have  no  hesitation  in  placing  the 
class  of  insects  highest  among  Articulata,  and  in  comprising  in  one 
class  the  true  insects  with  Arachnida  and  MyTiopod[iB^  which  are 
only  lower  degrees  of  development  of  the  more  special  types  of 
true  insects ;  the  Mjrriopoda  representing  in  a  permanent  state  of 
development,  and  with  the  structure  of  true  insects,  the  form  of 
their  caterpillars ;  the  spiders  with  their  cephalic  and  thoracic  rings 
united  into  a  cephalo-thorax  representing  their  chrysalis  in  a 
permanent  state  of  development ;  and  the  true  insects  with  their 
three  distinct  regions,  the  so-called  head,  thorax  and  abdomen, 
ranking  highest  among  them,  as  well  for  their  more  extensive 
metamorphosis  as  for  the  characteristic  division  of  the  body,  the 
reduction  of  their  locomotive  appendages  to  a  peculiar  region,  the 
complication  of  their  chewing  apparatus,  and  the  development  of 
their  wings.  The  true  arrangequent  of  the  different  members  of 
this  class  however  is  readily  indicated  by  the  remarks  already 
made  upon  this  class,  and  we  shall  not  hesitate  to  consider  Mjrri- 
opoda  as  their  lowest  type,  and  to  place  Arachnida  next  above 
them,  and  then  true  Insects,  among  which  the  sucking  tribes 
rank  highest. 

If  we  now  consider  the  connection  of  these  three  classes  with 
the  elements  in  which  they  are  developed,  and  in  which  they 
permanently  live,  we  cannot  fail  to  be  struck  with  the  fact  that 
two  of  their  classes  are  either  parasites  or  entirely  aquatic,  for 
even  the  terrestrial  worms  live  in  moist  ground  or  on  the  bark 
where  moisture  is  constantly  accumulating ;  and  these  two  classes 
we  have  seen  to  be  the  lowest  of  the  type,  while  the  class  of 
insects,  which,  in  their  perfect  development,  are  all  terrestrial  or 
aerial,  constitute  the  highest  type. 
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ReWewing  the  secondary  groups  of  all  these  classes  also  in  the 
same  connection,  we  find  that  the  lowest  of  all  not  only  live  in 
a  fluid  medium,  but  require  the  existence  of  other  animals  in 
whose  cavities  they  find  shelter  and  means  of  subsistence  ;  and 
among  those  which  have  an  independent  mode  of  life  we  find 
that  the  marine  worms  are  probably  lower  than  the  fluviatile,  and 
terrestrial, — at  least,  if  the  view  expressed  above  respecting  the 
relative  position  of  Lumbrici  and  branchiate  Annelides  be  correct. 

In  the  class  of  Crustacea  we  have  exclusively  aquatic  animals, 
and  we  find  that  among  them  those  which  live  as  parasites  upon 
other  animals  rank  lowest.  The  distinction  however  between 
flnviatild'and  marine  types  in  this  class  does  not  seem  to  be  in 
strict  accordance  with  their  gradation,  for  we  have  fluviatile  De- 
capods which  cannot  be  considered  as  higher  than  the  crabs,  un- 
less it  were  shown  that  the  shortened  body  of  the  Brachynral 
Decapods  is  the  result  of  a  retrograde  metamorphosis,  which  I 
am  however  not  inclined  to  suppose,  as  we  have  some  crabs 
which  are  in  the  habit  of  leaving  the  water  to  dwell  upon  the 
main  land.  The  occurrence  of  parasitic  Crustacea  upon  fresh- 
water fishes,  again,  seems  to  indicate  that  here  the  parasitism  pre- 
vails over  the  influence  of  the  surrounding  media ;  and  we  should 
not  wonder  at  this  circumstance,  as  a  parasitic  mode  of  develop- 
ment dependent  upon  the  prior  existence  of  organized  beings,  is 
not  only  a  prominent  feature  in  the  mode  of  existence  of  so  many 
Worms  and  Crustacea,  but  also  even  of  many  of  the  Insects,  espe- 
cially of  the  tribe  of  ^rachnida  and  Diptera,  at  least  in  some 
earlier  periods  of  their  existence.  In  this  connection  it  is  an  in- 
teresting fact  to  notice  that  the  American  fresh  water  Crustacea, 
the  craw  fisheS;  have  fewer  pairs  of  gills  than  the  other  represen- 
tatives of  the  class. 

Again,  it  may  be,  that  to  appreciate  truly  natural  relations  of 
diis  type  of  animals,  it  will  be  necessary  to  consider  separately 
each  of  their  minor  divisions  rather  than  the  whole  class  as  a 
unit ;  as  we  shall  have  to  do  also  among  the  reptiles  where  the 
peculiarities  of  the  primary  divisions  overrule  the  influence  of  the 
media  in  which  they  are  developed. 

However  obscure  these  relations  may  be  among  Crustacea  owing 
to  the  parasitism  of  some  of  their  types,  or  the  peculiar  meta- 
morphosis of  others,  if  we  now  consider  the  insects  proper  we 
shall  find  here  again  a  strict  accordance  With  the  results  we  have 
already  derived  from  the  investigation  of  the  lower  classes.  Hav- 
ing acknowledged  the  superiority  of  the  sucking  insects  over  the 
chewing  tribes,  we  cannot  fail  to  perceive  that  Neuroptera,  which 
must  be  considered  as  the  lowest,  inasmuch  as  their  body  still 
preserves  the  elongated  form  of  worms,  are  aquatic  in  their  larval 
condition  and  have  even  external  gills,  as  their  respiratory  organs 
during  that  period.    Next,  Coleoptera  among  which  also  we  find 
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•qnatic  larvae,  and  a  number  of  terrestrial  types,  and  highest  the 
Orthoptera  which  undergo  a  less  extensive,  but  entirely  terrestriai, 
development,  whilst  Hymenoptera  have  a  more  diveisified  meta- 
morphosis, and  assume  even  in  their  larval  condition  in  some  of 
their  types,  the  higher  forms  which  characterize  the  larves  of 
Lepidoptera. 

Among  the  sucking  insects  we  begin  again  with  various  aquatic 
types,  or  aquatic  larval  forms, — ^next  rise  to  Diptera  with  other 
aquatic  larval  conditions  but  a  constant  aerial  mode  of  life  in  the 
perfect  state,  and  finally  to  the  type  Lepidoptera  in  which  all  larvae 
are  terrestrial,  and  even  highly  organized  in  their  earliest  state  in 
the  higher  groups ;  so  that  the  class  as  a  whole  does  not  only 
rank  above  Crustacea  for  its  structure,  but  consists  chiefly  cKf 
aerial  types  in  their  perfect  state  of  development,  a  lai^  number 
of  which  are  aquatic  but  fluviatile  in  their  larval  condition,  and 
comparatively  exceedingly  few  marine.  So  that  if  we  compare 
the  whole  type  of  Articulata,  with  either  Mollusca  or  Radiata,  we 
see  that  in  accordance  with  the  higher  development  of  its  struc- 
ture it  has  not  only  proportionally  a  larger  number  of  terrestrial 
and  aerial  types,  but  an  entire  class  is  throughout  aerial  in  its  per- 
fect state  of  development,  and,  though  aquatic  in  the  ^ages  of 
growth,  these  larvae  are  chiefly  fluviatile  and  not  marine,  so  that 
we  may  conclude  from  zoological  evidence  that  the  more  inti- 
mate connection  with  the  main  land  and  aerial  mode  of  existence 
indicate  a  higher  degree  of  development  than  an  aquatic  naode 
of  life ;  and  between  the  animals  living  in  water,  that  fluviatile 
types  must  rank  higher  than  the  marine. 

These  views  are  fully  sustained  by  the  order  of  succession  of 
these  great  types  of  the  animal  kingdom  throughout  the  earlier 
geological  periods ;  for  as  it  is  already  ascertained  from  zoological 
comparisons,  that  the  earlier  types  in  each  class  rank  lower  than 
their  present  living  representatives,  we  have  further  evidence  from 
the  circumstances  under  which  they  live  that  they  were  all  aquatic 
and  marine  in  the  earliest  periods,  and  that  fluviatile  and  terres- 
trial types  have  followed  only  at  later  periods.  Without  alluding 
to  those  classes  in  which  the  gradation  of  fossil  types  is  less 
distinctly  shown,  let  me  only  recall  the  Crinoids  among  Echin- 
oderms,  which  for  so  long  time  prevailed  to  the  almost  en- 
tire exclusion  of  all  other  families  among  Acephala ;  the  great 
prevalence  of  Brachiopoda  in  the  oldest  deposits  and  the  first  ap- 
pearance of  Naiades  in  tertiary  beds  ;  the  large  number  of  bran- 
chiate Gasteropoda  up  to  the  time  of  the  tertiary  period,  when 
Limnaeae  and  Helices  made  their  first  appearance ;  the  earlier  de- 
velopment of  Crustacea  with  more  uniform  joints,  and  the  appear- 
ance of  insects  of  the  tribe  of  Scorpions  anterior  to  that  of  the 
winged  families,  among  which  the  Neuroptera  seem  to  be  the  first 
to  increase  in  number,  and  the  late  occurrence  of  the  sucking 
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tribes  in  tertiary  beds,  and  there  will  be  no  4otibt  left  that  the 
fradatton  of  struotare  is  intimately  connected  with  the  extension 
of  continental  lands,  and  that  the  present  connection  of  animals 
with  the  surrounding  media  in  which  they  li^e  agrees  also  with 
their  natural  gradation.  If  we  would  study  the  natural  relation^ 
between  auimals  and  the  media  in  which  they  live,  we  could  not 
begin  with  better  prospect  of  success  than  by  investigating  mi* 
nntely  the  different  £Buni>ies  of  Yertebrata  separately,  rather  than 
the  whole  classes  of  this  great  type*  For  though  it  is  at  once 
apparent  that  the  class  of  Fishes  as  a  whole  is  entirely  aquatic,  and 
stands  at  the  same  time  lowest  among  Yertebrata,  as  soon  as  we 
pass  to  the  investigation  of  the  Reptiles  we  find  aquatic  and  even 
marine  types  among  Turtles,  which  rank  much  higher  than  the 
whole  order  of  Batrachians,  which  are  almost  entirely  fluviatile ; 
and  we  find  again  marine  and  fiuviatile  types  among  Birds  and 
Mammalia,  the  highest  of  all  Yertebrata.  These  facts  show  most 
conclusively  that  an  orgcmiaation  as  high  as  that  of  the  Yertebrata 
— introducing  a  mode  of  existence  so  independent  of  the  changes  of 
the  seasons  throughout  the  year,  so  durable  as  to  last  for  numbers 
of  years,  (whilst  among  Invertebrata,  and  especially  among  Insects, 
but  also  among  many  other  animals  of  lower  type,  there  exists 
the  most  intimate  connection  between  their  development  and  the 
eoorse  of  the  seasons) ;  we  say  these  facts  show  that  with  such  ani>- 
mals  which  are  placed  so  far  above  the  influence  of  physical  oon*- 
dittoos,  their  connection  with  the  circumstances  under  which  they 
live  is  much  weaker,  so  much  so  that  internal  structure  overrules 
greatly  the  foundation  of  those  connections  which  are  so  intimate 
in  lower  animals,  and  reduces  their  limits  to  subordinate  connec- 
tions between  members  of  the  minor  groups ;  while  in  the  class 
of  Fishes — the  lowest — the  whole  type  is  organized  in  such  a 
manner  as  to  make  it  uniformly  dependent  upon  one  of  the 
oataral  elements  in  which  animals  live,  the  three  other  classes 
present  most  diversified  combinations,  there  being  marine,  fiu- 
viatile, and  terrestrial  or  aerial  types  in  these  classes,  under  the 
development  of  as  many  struetural  types,  differing  almost  in  the 
same  degree  when  contrasted  with  each  other  and  so  much 
tfaAt  the  aquatic  Mammalia  even  in  their  marine  types,  or  the  mai> 
rine  Turtles,  differ  as  much  from  each  other  or  from  Birds  as  they 
agiee  with  their  respective  fresh  water  or  terrestrial  types.  These 
discrepancies  between  the  great  types  may  be  owing  to  other 
naotives  in  the  plan  of  creation  than  those  to  which  they  are 
bare  ascribed.  The  apparent  anomalies  between  some  of  the 
articulated  types  may  also  be  the  results  of  combinations  different 
from  those  with  which  they  are  connected  above.  But  whether 
these  views  are  correct  or  not,  I  have  no  doubt  that  the  ^udy  of 
the  phenomena  which  I  am  now  contrasting,  cannot  fail  to  lead 
finally  to  a  more  correct  appreciation  of  the  natural  relatiam 
Swxm  Sbux%  Yd.  IX,  Ko.  87.— May,  \Wk  49 


Digiti 


zed  by  Google 


386  Agassiz  an  the  RehUionB  beiween  Animah 

tHiich  exist  between  animals  and  the  media  in  which  they  live, 
than  the  vague  views  which  have  prevailed  lately  from  want  of 
investigation  of  the  subject  rather  than  from  an  especial  view 
taken  of  it ;  I  am  for  from  supposing  that  in  every  instance  I 
have  hit  at  the  outset  the  true  view.  I  shall  be  satisfied  to  have 
called  forth  direct  investigation  upon  this  question,  and  led  the 
way  in  a  field  which  promises  so  ample  reward. 

Before  entering  into  a  special  investigation  of  the  natural  rela- 
tions of  Yertebrata  and  the  surrounding  media,  it  may  not  be  out 
of  place  to  call  attention  to  some  collateral  facts  which  will  appear 
particularly  prominent  in  the  type  of  Vertebrata,  but  which  have 
already  their  value  in  the  study  of  the  lower  types.  I  allude  to 
the  relative  bulk  of  animals  of  the  same  type  living  in  different 
media.  We  can  derive  no  impression  upon  this  point  from  the 
investigation  of  Radiata,  as  they  are  all  aquatic,  and  almost  en- 
tirely marine.  But  the  difference  is  already  marked  between 
Mollusca  if  we  contrast  their  marine  and  their  flnviatile  and  ter- 
restrial types  within  the  limits  of  their  natural  secondary  groups. 
Among  Acephala,  if  we  consider  the  Lamellibranchiata,  we  can 
not  fail  to  observe  that  the  marine  representatives  are  as  a  whole 
and  taking  into  consideration  the  proportional  number  of  their 
genera  and  species,  of  larger  size  and  greater  weight  than  the 
flnviatile.  We  have  nowhere  such  gigantic,  bulky  and  heavy 
fitesh  water  Bivalves,  as  are  many  of  the  marine  shells,  and  we 
need  only  compare  the  large  Chamas  or  Tridacnas  and  Hippopus, 
the  gigantic  Pinna,  even  with  the  largest  of  Atiadonts ;  and  again 
the  numerous  species  of  Gyclas,  &c.,  with  the  smaller  marine 
Bivalves,  among  which  we  find  but  few  species  of  so  minute 
types.  Again,  among  Gasteropoda  how  much  larger  are  most  of 
the  Univalve  marine  shells,  such  as  Doltttm,  Strombns,  Yoluta, 
and  others,  than  even  the  largest  fresh  water  Ampullariae  and  the 
^hole  lot  of  fresh  water  and  terrestrial  Pulmonata,  among  which 
latter  we  have  absolutely  the  smallest  of  all  Mollusca  in  the  innu- 
merable varieties  of  Pupa,  and  other  genera.  We  reckon  in  this 
type  of  Gasteropoda,  the  minute  species  by  hundreds,  while  there 
are  exceedingly  few  of  really  small  size  among  the  marine  ones, 
and  the  greater  number  are  even  universally  above  the  medium 
siase  of  the  larger  fiuviatile  and  terrestrial  types. 

Among  Articulata  the  same  rule  obtains,  and  here  we  may 
compare  classes  with  classes,  even  in  their  different  stag^  ot 
growth.  Are  not  the  Worms,  taken  as  a  whole,  larger  aninmls  than 
the  Caterpillars?  Do  we  not  find  among  marine  Worms  by  fu 
the  largest  types?  We  need  only  remember  the  gigantic  Etinice, 
or  even  the  parasitic  Tape  Worms  to  be  satisfied  of  the  fact.  Are 
not  the  Crustacea  as  a  class  composed  of  types  exceeding  far  the 
largest  of  Insects  even  with  their  wings  spread  ?  Are  not  the 
marine  Lobsters  many  times  larger  than  the  fresh  water  Oraw 
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Fishes  ?  A  minute  investigation  of  the  details  of  this  nuntleroiis 
class  might  lead  to  very  interesting  comparisons  which  however 
woald  be  out  of  the  way  in  this  general  sketch. 

I  shall  mention  only  a  few  facts  to  show  that  these  comparisons 
might  even  be  traced  between  the  different  stages  of  growth  of 
these  animals.     It  must  be,  for  instance,  a  matter  of  surprise  to 
see  that  the  body  of  so  many  Insects  is  smaller  in  their  perfect 
state  of  development  than  as  a  pupa;  and  that  again  this  is 
smaller  than  that  of  the  larva,  though  the  Icurva  be  after  all  only 
the  yoimger  state  of  the  pupa,  and  the  pupa  the  younger  state  of 
the  perfect  Insect.     But  in  the  same  ratio  as  we  find  so  frequently 
throughout  the  animal  kingdom  that  the  lower  condition  of  struc- 
ture and  development  of  a  type  is  manifested  in  a  more  bulky 
body,  so  we  find  among  Insects,  that  their  earlier  state  of  met- 
amorphosis which  is  developed  under  inferior  circumstances, 
reaches  its  final  growth  in  a  more  bulky  body  than  that  of  follow- 
iog  periods  during  which  their  successive  moultings  and  the  trans- 
formatioDS  of  the  substance  of  the  body  takes  place ;  the  greatest 
me  which  the  larva  acquires  is  first  reduced  in  its  transition  into 
a  chrysalis,  and  this  again  is  reduced  in  its  transition  into  a  per- 
fect Insect, — the  developmefft  of  wings  only  leaving  them  seem- 
ingly of  greater  size  when  their  surface  is  extended,  though 
the  bulk  as  a  whole  be  reduced.     Weighing  these  animals  in 
these  dififerent  states  of  development  will  satisfy  the  most  incred- 
qIous  of  the  reality  of  what  is  here  stated,  should  the  appearance 
have  deceived  him  before.    A  Silk  Worm  when  it  begins  to  spin  is 
much  heavier  than  the  chrysalis,  and  this  heavier  than  the  perfect 
Moth.     Without  directly  weighing  these  animals,  we  might  be 
satisfied  about  this  fact  if  we  should  consider  the  amount  of  silk 
which  is  thrown  out  by  the  latter,  and  the  amount  of  fluid  which 
is  discharged  by  the  Moth  even  before  it  rids  itself  of  its  load 
q{  eggs  and  sperm  to  enjoy  the  last  moments  of  its  complete 
maturity. 

If  we  DOW  allude  to  the  Yertebrata  we  shall  find  very  similar 
iacts,  and  perhaps  in  the  animals  to  be  mentioned,  inducements 
for  the  discovery  of  curious  unnoticed  connections.  And  here 
i^n  we  should  be  cautious  for  reasons  alluded  to  already  above, 
not  to  take  the  classes  as  such,  but  rather  to  consider  their  differ- 
ent types  separately  ;  for  the  class  of  Fishes  as  a  whole  cannot  be 
said  to  coDtain  the  largest  Vertebrates,  nor  even  to  afford  any 
support  CO  the  view  that  aquatic  animals  in  general  are  larger  than 
terrestrial,  for  we  find  proportionably  a  much  greater  number  of 
large  species  among  Mammalia  than  among  Fishes ;  we  find  a 
greater  number  of  large  terrestrial  Reptiles  than  of  aquatic  one& 
But  if  we  review  the  classes  separately,  and  consider  their  second- 
ary groups  by  themselves,  we  find  that  the  rule  holds  good,  but 
bears,  at  the  same  time,  most  interesting  refereiKse  to  the  order  of 


Digiti 


zed  by  Google 


388  AgcMiz  an  the  Reh^um$  between  Animab 

floeeessioQ  in  geological  times,  as  the  respective  types  of  any 
given  group  are  the  larger  in  the  present  period,  whether  terres- 
trial or  aquatic,  for  being  refnresentatives  of  femilies  which  had 
numerous  representatives  in  older  periods.  Among  Pishes,  we 
find  the  largest  in  the  family  of  Sharks  and  Skates,  Sturgeons 
and  Garpikes,  the  first  of  which  are  exclusively  marine,  the  sec- 
ond marine  and  fluviatile,  the  third  entirely  fluviatile ;  but  the 
three  types  are  either  exclusively  representatives  of  fomilies  lai^ly 
developed  in  former  geological  periods,  or  so  connected  with  ex- 
tinct types  as  to  show  that  this  connection  has  influenced  their 
development. 

Among  Reptiles  we  find  the  lai^est  in  the  fkmily  of  Turtles 
among  their  marine  representatives ;  among  the  Lizard-like,  in 
the  fluviatile  Crocodiles;  among  Batrachians,  in  their  aquatic 
fiunilies. 

In  Birds,  the  aquatic  families.  Pelicans,  Geese,  Ducks,  Ac.,  bear 
a  much  larger  proportion  of  heavy  bulky  forms  than  any  terres- 
trial families ;  and  if  the  Ostrich  should  at  once  occur  as  a  striking 
exception,  let  us  not  forget  that  the  giants  of  this  family  are  known 
in  a  fossil  state,  exceeding  far  their  living  representatives. 

Among  Mammalia,  we  have  the  Shales  as  the  largest  class, 
and  if  we  should  be  reminded  of  the  great  size  of  terrestrial 
Pachyderms,  let  us  not  forget  that  Pachyderms  were  the  pronftH 
nent  type  of  Mammalia  during  the  tertiary  period.  In  contiection 
with  these  facts  it  might  be  shown  that  natural  families  through- 
out the  animal  kingdom,  are  constructed  within  limits  of  size, 
which  do  not  admit  of  great  differences.  A  comparison  of  Ceta- 
ceans with  Rodents,  of  Ruminants  with  Bats,  of  Passerine  with 
Gallinaceous  Birds,  of  Sharks  with  Herrings,  of  Cod-fishes  with 
Blennoids,  of  Cuttle-fishes  with  Pteropods,  of  Crabs  with  Entomos- 
traca,  &c.,  might  easily  satisfy  the  most  skeptical,  that  there  are 
natural  limits  assigned  to  certain  combinations  of  structure  and 
the  material  bulk  of  the  animals  in  which  they  are  manifested. 

After  this  digression  let  us  return  to  our  consideration  of  the 
natural  connection  of  the  secondary  groups  of  Vertebrata,  with 
the  elements  in  which  they  live. 

Though  the  class  of  Fishes  is  entirely  aquatic,  we  have  among 
these  animals  a  greater  number  of  marine  types,  and  some  which 
are  partly  marine  and  partly  fluviatile,  or,  at  periods,  marine,  or, 
at  periods,  fluviatile ;  and  others  which  are  entirely  fluviatile  or 
almost  so.  And  though,  at  present,  it  is  not  plain  that  fluviatile 
types  on  the  whole  are  superior  to  the  marine  types,  we  ^ould 
not  lose  sight  of  the  circumstance  that  the  only  living  Sauroids, 
which  have  so  many  characters  by  which  they  may  be  connected 
with  the  class  of  Reptiles,  and  considered  as  the  highest  among^ 
FisheS;  are  entirely  fluviatile ;  both  Lepidosteus  and  Palypterus 
occur  only  in  fresh  waters;  some  of  the  Lepidostei  only  are 
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known  to  reach  the  months  of  rivers  emptying  into  the  sea.  And 
though  the  families  of  Sharks  and  Skates  are  chiefly  marine,  num- 
bers of  them,  especially  of  those  types  of  Skates  which  have 
Domerous  fossil  representatives  during  the  tertiary  period,  such  a9 
Myliobatis,  are  known  to  ascend  freely  the  rivers  in  tropical  re* 
gioBS.  Among  Cyclostomes,  the  lowest  type  Branehioetoroa  is  ma- 
rine, Petrostoma  proper  being  both  marine  and  fluviatile,  the  higher 
t]rpe  of  AmmoccBtes  (for  we  must  consider  AmmocoBtes  as  higher, 
inasmuch  as  the  division  of  the  lips  indicates  a  tendency  towards 
a  formation  of  a  distinct  upper  and  lower  jaw),  is  exclusively  flu- 
viatile. The  GoniodoDts  which  from  their  affinities  to  Stur- 
geons rank  higher  than  the  Siluridse,  are  exclusively  fluviatile, 
whilst  there  are  some  marine  types  among  the  latten  Among 
Percoids  we  find  in  fresh  water  a  larger  number  of  those  in  which 
the  two  dorsals  are  distinct,  a  character  nciaking  them  eminently 
superior  to  the  forms  with  undivided  fins.  For  the  same  rea- 
son we  should  consider  the  Sparoids  inferior  to  the  Percoids, 
their  dorsals  being  not  only  generally  undivided,  but  even  cov- 
ered with  scale&  Among  tto  Eels,  those  destitute  of  all  fins 
are  exclusively  marine,  those  without  pectorals  also  exclusively 
marine,  and  we  may  fairly  consider  the  fresh  water  Eels  as  the 
higher  type  of  the  family  on  this  ground.  If  there  is  any  natural 
eonnection,  as  I  have  attempted  elsewhere  to  show  that  there 
is,  between  Scombroids  and  Scomberesoces,  and  Esoces  proper, 
it  becomes  plain  at  once  that  the  latter  are  the  higher  from  the 
abdominal  position  of  their  ventrals,  and  they  are  a  fluviatile  fam- 
ily. Even  taking  the  Cycloids  as  a  whole,  we  find  among  them 
the  lower  families  of  Thoracici  and  Jugulares,  as  the  families  of 
Cod  and  Scombrides,  chiefly  marine,  whilst  the  family  of  Salmo- 
nids,  and  OyprinidsB  are  chiefly  fluviatile.  Among  the  Gadoids 
we  have  those  with  many  vertical  fins,  as  the  true  Cod,  marine, 
while  thoee  in  which  the  dorsals  and  anals  are  reduced  such  aa 
the  genns  Lota  are  fluviatile.  Even  among  the  Salmonidss  in  the 
widest  extension  which  this  family  had  formerly,  we  find  the 
Scopelidss  with  the  inferior  strtKture  of  their 'jaws  chiefly  marine, 
wfa^  the  Coraeini  and  true  Salhionidse  are  chiefly  fluviatile. 
Everjrwhere,  in  fact,  in  each  minor  group,  the  fluviatile  represen- 
tatives show  characters  indicating  their  superiority  over  their  ma- 
rine representatives.  Whatever  exceptions  might  be  found  to 
this  law,  which  in  the  outset  appears  so  general,  I  have  no  doubt 
will  lead  at  some  future  time  to  the  discovery  of  some  other  prin- 
ciple as  yet  unknown. 

The  class  of  Reptiles  is  one  of  the  most  interesting  in  the  point 
of  view  under  consideration,  and  each  of  their  types  exemplifies 
in  itself  the  law  of  the  intimate  connection  between  animal  types 
and  the  media  in  which  they  live  in  the  most  striking  manner, 
knsnroeh  as  hers  the  gndation,  which  might  be  inferred  froaa 
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ftnictafal  aod  embiyological  evideoce,  jgwetaMrt  fatty  with  the 
gradatuNi  of  the  eleuients  io  vfaich  tliey  live.  Araoog  Batiachi- 
9m  we  hare  cbieflf  flaviaiile  and  tenestrial  £raulie&  The  lekt- 
thyodes,  or  Batiacbsaiis  with  pennaoeot  braochiie,  are  all  aqoalk, 
and  acknowledged  the  lowest  io  the  daas.  Some  of  their  lowesl 
representatives  occur  even  iu  brackish  swamps,  and,  as  aooo  as 
attention  is  called  to  this  subject,  it  caonoC  fail  to  be  perceived 
that  the  Frogs  with  their  more  or  less  palmate  fingers,  and  their 
more  aquatic  habits,  rank  lower  than  the  Toads  with  their  diirided 
fingers  and  terrestrial  mode  of  life.  Among  Ophidians  we  have 
chiefly  terrestrial  families,  and  only  a  few  marine  and  aquatic 
ones ;  but  who  can  fisdl  to  perceive  that  the  marine  serpents  with 
their  flattened  tail,  are  inferior  to  the  terrestrial  genera,  and  that 
among  these  it  is  a  well  known  fact  there  are  some  with  mdi- 
mentary  posterior  extremities  which  assigns  them  a  sapertor  rank. 
Some  objections  might  be  drawn  from  the  con«deration  of  the 
Saurians,  among  wluch,  the  highest  type,  the  Crocodiles,  are  chief- 
ly fluviatile ;  but  it  has  elsewhere  been  diown  that  Crocodiles  are 
not  truly  Saurians  of  the  same  type  with  our  Lizards,  but  modem 
representatives  of  a  large-  family  which  was  very  ncmierous  in 
former  geological  periods,  ^hen  their  first  representatives  were 
marine  types  provided  with  fins  instead  of  distinct  fingers ;  so 
that,  far  from  being  an  exception,  the  Crocodiles  of  our  days  which 
are  either  fluviatile  or  terrestrial,  must  be  considered  as  the  high- 
est representatives  of  that  almost  extinct  type  of  Reptiles,  the 
earliest  forms  of  which  were  marine,  followed  by  fresh  water. 
Finally,  among  Chelouians  the  gradation  in  connection  with  the 
natural  elements  in  which  they  live  is  most  striking,  for  the  infe- 
riority of  marine  Turtles  is  as  plain  as  it  can  be,  not  only  in  the 
form  of  their  organs  of  locomotion,  but  even  in  the  peculiarity  of 
many  of  their  internal  organs  especially  of  their  ovaries,  which 
contain  eggs  almost  as  numerous  as  those  of  Fishes.  Next  we 
place  the  fresh  water  Turtles  with  palmate  fingers,  and  highest, 
terrestrial  Testudines  with  their  short  undivided  fingers.  So  that 
we  have  in  this  class  with  its  various  marine  and  fresh  water  and 
terrestrial  types,  not  only  a  full  illustration  of  these  laws,  but  so 
intimate  a  connection  between  gradation  of  structure  and  noode  of 
living  in  various  elements,  as  to  lead  to  the  conviction  that  the 
mere  mode  of  living  might  in  many  instances  be  almost  as  safe  a 
guide  to  ascertain  the  natural  gradation  of  types,  as  the  study  of 
their  internal  structure. 

Ever  since  the  class  of  Birds  has  been  the  object  of  regular 
investigation,  their  aquatic  types  have  been  considered  as  inferior 
to  the  terrestrial  ones,  and  among  the  fortner,  those  which  live 
entirely  an  aquatic  life  are  decidedly  the  lowest  They  are  so, 
not  only  on  account  of  the  more  imperfect  development  of  their 
legs,  which  preserve  throughout  their  embryonic  form,  but  also 
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in  the  less  ext^istve  develapment  of  their  wings,  in  the  more 
scale-like  form  of  their  feathers,  and  the  greater  number  of  eggs 
they  lay,  and  the  lees  care  they  take  of  their  yonng,  which  are 
batched  in  a  state  of  development  in  which  they  are  already 
prepared  to  provide  for  their  own  food.  The  same  is  the  case 
widi  the  Gallinaceons  and  the  Wading  Birds,  which,  though  more 
advanced  in  many  respects,  are  still  inferior  to  the  climbing  and 
Passerine  Birds  in  this  respect,  having  a  heavier  flight,  if  they  fly 
at  all,  and  living  a  more  terrestrial,  and  even  aquatic  life ;  the 
Wading  Birds  coming  nearer  in  this  respect,  to  those  with  palmate 
fingers,  and  the  Gallinaceous  Birds,  as  well  as  the  Ostriches  hav- 
ing a  more  terrestrial  mode  of  life,  whilst  the  Passerine  Birds  rank 
higher  in  ail  these  respects,  feed  their  young,  and  take  care  of 
them  for  a  longer  time,  and  live  almost  exclusively  an  aerial  life, 
few  of  them  having  aquatic  habits,  and  those  being  in  their 
respective  families  by  tbeir  form  as  well  as  by  their  mode  of  life, 
decidedly  inferior  to  their  loftier  relations. 

The  classification  of  Birds  as  a  whole  is  still  so  imperfect, 
tbongh  their  minor  groups  are  well  understood,  that  many  impor- 
tant relations  in  these  respects  must  necessarily  be  more  or  less 
concealed  as  long  as  their  primary  divisions  are  not  better  known ; 
so  that  we  may  expect  many  interesting  hints  from  further  inves* 
ligations  in  this  view. 

The  class  of  Mammalia  is  not  only  the  most  diversified  in 
the  forms  of  its  members,  but  also  in  the  diversity  of  their  mode 
of  life ;  nevertheless  this  diversity  is  connected  by  the  most  in- 
timate relations  of  structure.  The  Whales  are  as  much  Mam- 
malian by  their  internal  organization  as  tl^e  most  exclusively  ter- 
restrial quadrupeds.  True  Cetaceans  constitute  a  natural  family, 
all  the  members  of  which  are  exclusively  marine,  and  no  one 
of  them  even  fluviatile — ^for  the  Sirenidse  must  be  considered  as 
entirely  distinct  from  true  Cetaceans ;  and  the.se  Cetaceans,  at  the 
same  time  that  they  are  so  exclusively  marine,  are  also  the  low- 
est type  of  Mammalia,  not  only  from  the  imperfection  of  their 
extremities,  of  which  there  is  only  one  anterior  pair,  and  from  the 
want  of  hind- legs,  but  also  from  the  extraordinary  development 
and  biilk  of  their  muscular  tail,  and  the  development  of  a  caudal 
fin,  and  sometimes  even  a  fin-like  fold  of  the  skin  upon  the  back. 
If  it  can  be  shown  that  the  Sirenidee  are  an  aquatic  type  of  a 
larger  group  embracing  Pachyderms,  the  direct  relation  of  their 
structure  and  mode  of  life  will  be  at  once  obvious,  since  Sirenidse 
are  either  marine  or  fluviatile,  while  true  Pachyderms  are  terres- 
trial ;  and  dioold  we  not  be  justified  in  considering  the  subaquatic 
Hippopotamus  as  inferior  to  its  more  terrestrial  relatives  of  the 
genera  Rhinoceros,  Elephant,  and  Horse  ?  Are  we  not  to  consider 
the  Oroithorb3rnchus,  with  its  palmate  hind-legs  and  spur,  as  infe- 
rior to  Echidna  ?    Are  not  the  palmate  Redentia  inferior  to  the  ter- 
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restrial  and  arboreal  types  ?  Are  not  the  aqtiatie  Shrews  ii^BTtor 
to  the  arboreal  Insectivora?  All  these  secondary  questions  will 
receive,  in  future,  due  attention  and  will  no  doubt  he  satkfaeto- 
rily  settled.  But  there  are  families  in  which  we  can  already  see 
our  way  and  arrive  at  precise  conclusions.  Among  Camivorous 
Mammalia  we  have  three  very  distinct  types,  the  Pinnipoda  or 
Seals ;  the  Plantigrada  or  Beavs,  and  the  Digitigrada,  D(^s  and 
Oats.  Now  even  if  objections  were  raised  against  the  association 
of  the  Walrus  with  the  common  Seals,  there  can  be  no  doubt  of 
the  inferiority  of  the  latter  when  contrasted  with  Plantigrada  and 
Digitigrada.  Their  short  fin-like  legs,  their  clumsy  body  in  con* 
nection  with  their  aquatic  marine  life,  assign  them  a  lower  position, 
and  the  Plantigrada  must  be  considered  as  intermediate  between 
them  and  the  Digitigrada.  Now  among  Digitigrades,  even  if  we 
take  isolated  genera,  we  are  led  to  assign  to  the  species  with 
aquatic  habits,  an  inferior  position  among  their  nearest  relatives. 
The  polar  Bear  comes  decidedly  nearer  the  Seals  in  all  its  habits, 
than  any  other  species  of  that  genus,  and  on  that  ground  dionld 
be  considered  as  inferior  to  the  terrestrial  species.  Again,  the 
others,  with  their  palmate  fingers,  rank  lower  than  their  terrestrial 
relatives :  and  we  may  even  find  that  such  considerations  will 
hold  good  among  the  varieties  of  one  and  the  same  species;  for 
we  have  varieties  among  the  Digitigrade  Dogs  in  which  the  fin* 
gers  are  palmate,  a  character  which  is  derived  from  the  imperfect 
development  of  their  legs,  preserving  throughout  life  their  era- 
bryonic  form ;  and  these  varieties  among  Dogs  are  the  most  pla]f* 
ful  and  at  the  same  time,  most  aquatic  in  their  habits,  preserving 
in  their  adult  state  characters  of  the  young  and  habits  of  the 
lower  types, — this  playful  disposition  being  universal  even  aoMHig 
the  most  ferocious  of  the  Cat  tribe.  I  shall  abstain  purposely 
from  tracing  these  comparisons  higher  up  among  Monkeys,  and 
in  the  human  families,  from  fear  of  alluding  to  ejmiting  topics; 
but  leave  it  to  the  philosophic  observer  to  consider  how  br  the 
idea  of  an  aquatic  Monkey  is  compatible  with  the  high  positioa 
which  these  animals  hold  in  the  class  of  Mammalia ;  and  how 
curious  it  is  that  in  the  human  family  there  are  races  which  diffiar 
so  much  in  their  natural  dispositions,  mode  of  life,  habits  and 
adaptation  to  higher  civilization ;  and  how  closely  these  natunl 
dispositions  are  connected  with  apparently  insigntficant  pecolisap- 
ities  of  structure. 

Upon  reviewing  the  facts  mentioned  above,  and  the  inferences 
derived  from  the  facts,  no  impartial  observer  can  in  future  deny 
the  importance  of  the  study  of  the  natural  relations  between  ani- 
mals and  the  media  in  which  they  live ;  and  the  close  connection 
which  exists  between  th&ak  and  the  gradation  of  their  structun. 
But  this  being  the  case,  it  most  be  a  matter  of  surprise  that  tbs 
views  so  long  entertained  of  the  importance  of  this  coimectkMii 
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which  led  earlier  naturalists,  generally,  to  the  classification  of 
animals  according  to  the  media  in  which  they  live,  should  have 
been  so  completely  abandoned,  and  even  considered  of  no  value 
at  all  in  systematic  classification.  For  my  own  part  I  have  no 
doubt  that  this  negative  result  has  arisen  from  the  circumstance 
that  all  aquatic  animals  were  brought  together,  in  these  earlier 
attempts,  without  reference  to  their  structure  or  organic  develop- 
ment, while  we  have  found  that  structure  is  the  ruling  principle, 
and  that  natural  connection  with  the  element,  is  the  secondary 
motive  by  which  these  connections  are  influenced.  Indeed, 
aquatic  animals,  though  agreeing  in  many  respects,  and  though 
provided  with  analogous  apparatus  to  perform  the  same  functions, 
have,  in  difierent  types  of  the  animal  kingdom,  a  very  different 
plan  of  structure,  and  very  different  organs  to  perform  the  same 
functions.  I  shall  not  enter  into  a  detailed  illustration  of  these 
differences,  as  I  have  alluded  to  these  facts  in  other  papers,  but 
only  recall  here,  the  great  difference  which  exists  in  these  connec- 
tions between  the  different  types. 

Among  Radiata,  which  are  all  aquatic,  we  find  even  that  the 
adaptation  to  the  liquid  element  is  introduced  in  a  plan  of  struc- 
ture which  is  widely  different  from  the  plan  of  structure  pre- 
vailing in  Mollusca,  though  they  also  are  chiefly  aquatic ;  and 
that  even  the  terrestrial  types  of  Mollusca  present,  for  adaptation 
to  an  aerial  mode  of  life,  only  a  modification  of  their  aquatic 
types.  The  same  may  be  said  of  Insects,  in  which  the  structure  is 
mainly  that  of  the  Crustacesl  and  Worms,  which  are  permanently 
aquatic  types,  presenting  simply  a  transformation  of  those  peculi- 
arities of  structure  which  enable  the  lower  classes  to  live  under 
water,  such  as  will  enable  them  to  rise  in  their  adult  state  into  an 
aerial  condition  of  existence.  Among  Yertebrata  the  case  is  very 
different.  The  type  is  constructed  for  a  terrestrial  and  aerial 
mode  of  life ;  even  their  aquatic  representatives  have  rudiments 
of  the  apparatus,  which  acquire  the  highest  development  in  the 
complete  terrestrial  types,  and  most  of  their  aquatic  types  are  truly 
aerial  animals  living  in  water,  just  as  Insects  are  aquatic  types 
adapted  to  the  air.  Let  us  only  contrast  in  this  respect,  Cetacea 
with  common  Articulata.  They  have  a  pulmonary  mode  of  life 
as  much  as  man  ;  they  have  the  same  mode  of  reproduction ;  only 
their  form  enables  them  to  dive  under  water  and  to  dwell  perma- 
nently in  the  Sea ;  but,  for  all  their  structure,  they  are  truly  aerial 
animals.  And  this  is  equally  the  case  with  Birds  and  Reptiles ; 
and  with  the  Pishes  I  am  prepared  to  show  that  there  is  no  differ- 
ence in  this  respect.  For,  though  in  their  perfect  state.  Fishes  are 
exclusively  aquatic,  they  are  completely  built  upon  the  same  plan 
with  those  aerial  classes  of  Yertebrata.  The  difference  here  is 
only  this  that  the  branchial  apparatus,  which  exists  simultane- 
ously in  Reptiles,  Birds,  and  Mammalia,  in  their  imperfect  condi- 
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tion,  is  developed  to  be  a  permanent  organ  of  respiration,  while 
it  is  reduced  and  disappears  in  the  higher  classes  in  proportion  as 
the  lungs  acquire  a  greater  development.  In  Fishes,  on  the  con- 
trary, the  homologue  of  the  lung  remains  functionally  and  oi^an- 
ically  in  a  rudimentary  state,  as  an  air  bladder.  But  all  classes 
have  both  apparatuses  in  an  inverse  state  of  development,  and  thus 
Fishes  are  as  fully  constructed  on  the  plan  of  the  higher  Yerte- 
brata  as  the  aerial  Invertebrata  are  on  the  plan  of  their  aquatic 
types.  But  the  circumstances  that  Fishes  have  the  double  type 
of  respiratory  organs,  and  that  the  pulmonary  one  which  by  no 
means  exists  in  any  Invertebrates  as  1  have  shown  elsewhere,  but 
throughout  the  Yertebrata  including  Fishes,  show  that  the  whole 
type  of  the  Fishes,  have  to  be  viewed  in  the  same  light  as  Rep- 
tiles, Birds  and  Mammalia,  and  must  therefore  be  only  considered 
as  a  lower  condition  of  these  aerial  types,  and  not  the  latter  as  a 
higher  degree  of  the  former.  For  trache®  of  Insects,  and  lungs 
of  Spiders,  are  only  modified  branchiae  of  the  type  of  Articulata, 
just  as  much  as  lungs  of  Pulmonata  are  modified  branchiae  of  the 
type  of  Mollusca,  while  gills  and  lungs  in  Yertebrata  are  paral- 
lel sj^tems  both  coexisting  in  all  of  them  and  only  acquiring  re- 
spectively a  different  degree  of  development  in  each  of  their 
classes.  These  facts  which  I  have  traced  in  other  papers  through 
a  special  comparison  of  all  the  homologies  of  the  different  types 
oi  respiratory  organs  in  Yertebrata,  Articulata,  Mollusca,  and  Radi- 
ata,  show  plainly,  that  the  aquatic,  marine,  or  fluviatile,  and  ter- 
restrial mode  of  life  are  introduced  throughout  the  animal  king- 
dom by  special  adaptations  of  peculiar  different  systems  of  organs 
performing  analogous  functions;  and  that  the  failure  of  intro- 
ducing the  consideration  of  the  adaptation  of  animals  to  the 
media  in  which  they  live,  in  the  plan  of  their  classification,  must 
be  ascribed  to  the  fact  that  these  analogous  structures  were  in 
the  beginning  considered  as  identical  features  in  the  oi^aniza- 
tion.  But  taking  in  future  into  consideration  all  these  peculiari- 
ties, we  shall  rapidly  proceed  towards  the  full  understanding  of 
all  the  relations  between  the  gradation  of  animals,  and  the  media 
in  which  they  live,  as  far  as  they  are  not  yet  fully  understood. 

An  extensive  review  of  the  Yertebrata  might  long  ago  have  led 
to  such  conclusions,  but  before  they  could  be  considered  as  a  gen- 
eral law  ruling  the  whole  animal  kingdom,  it  was  necessary  that 
they  should  be  treated  in  a  special  manner  through  the  innumer- 
able types  of  Invertebrated  animals ;  and  we  have  seen  that  thn 
agreement  is  as  close  and  as  complete  throughout  the  types  of 
Radiata,  Mollusca  and  Articulata,  as  it  is  plain  among  Yertebrata, 
and  the  slight  difficulties  to  which  we  have  alluded,  must  proba- 
bly be  referred  to  the  present  state  of  our  knowledge  respecting 
some  of  them,  rather  than  to  a  departure  from  this  law  in  any  of 
their  types. 
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Abt.  XXXVni. — On  a  new  Analogy  in  the  Periods  of  Rota- 
tion of  the  Primary  Planets^  discovered  by  Daniel  Kirkwood^ 
of  Pottsville,  Pennsylvania. 

(¥^m  the  Proceedings  of  the  American  Association  for  the  Advancement  of  Sci- 
ence,  2nd  meeting,  held  at  Camlnidge,  1849.  j>.  207.) 

Mr.  Sears  C.  Walker  addressed  the  Association  on  the  sub- 
ject of  a  new  analogy  in  the  periods  of  rotation  of  the  primary 
planets,  discovered  by  Daniel  Kirkwood,  Esq.,  of  Pottsville,  Penn- 
sylvania. 

The  subject  of  my  present  communication  is  contained  in  a 
letter  of  Mr.  Daniel  Kirkwood,  of  Pottsville,  Pennsylvania,  dated 
July  4th,  of  this  year. 

The  Secretary  then  read  Mr.  Eirkwood's  letter,  as  follows : — 

Pottsville,  Pa.,  July  4th,  1849. 

Sears  C.  Walker,  Esq., 

Dear  Sir, — ^Knowing  the  great  interest  you  feel  in  astronomi- 
cal inquiries,  I  take  the  liberty  of  submitting  the  following  pa- 
per to  your  consideration,  and  respectfully  soliciting  your  opinion 
as  to  the  problem  which  I  have  been  attempting  to  solve.  Is  it, 
or  is  it  not,  deserving  of  further  investigation  ?  Whatever  may 
be  your  decision,  as  1  have  the  fullest  confidence  in  your  judg- 
ment, I  shall  at  once  aquiesce.  Wishing  to  be  as  brief  as  possi- 
ble, I  will  not  trouble  you  at  present  with  any  statement  of  the 
considerations  which  suggested  my  hypothesis. 

While  we  have,  in  the  law  of  Kepler,  a  bond  of  mutual  rela- 
tionship between  the  planets,  as  regards  their  revolutions  round 
the  sun,  it  is  remarkable  that  no  law  regulating  their  rotations  on 
their  axes  has  ever  been  discovered.  For  several  years,  I  have 
had  little  doubt  of  the  existence  of  such  a  law  in  nature,  and 
have  been  engaged,  as  circumstances  would  permit,  in  attempting 
its  development  I  have  arrived  at  results,  which,  if  they  do 
not  justify  me  in  announcing  the  solution  of  this  important  and 
interesting  problem,  must  at  least  be  regarded  as  astonishing  co- 
incidences. 

Let  P  be  the  point  of  equal  attraction  between  any  planet  and 
the  one  next  interior,  the  two  being  in  conjunction :  P^,  that  be- 
tween the  same  and  the  one  next  exterior. 

Let  also  D=the  sum  of  the  distances  of  the  points  P,  P',  from 
the  orbit  of  the  planet ;  which  1  shall  call  the  diameter  of  the 
sphere  of  the  planet's  attraction ; 

iy=the  diameter  of  any  other  planet's  sphere  of  attraction 
found  in  like  manner ; 

n=the  number  of  sidereal  rotations  performed  by  the  former 
daring  one  sidereal  revolution  round  the  sun ; 
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n'=:the  number  performed  by  the  latter;  then  it  will  be  found 
that  n"  :  n'" :  :D»  :  IV' ;  or  n^n'  (g/)   . 

For  the  sake  of  convenient  reference,  I  subjoin  the  following 
tables.  The  masses  of  Venus,  the  Earth,  Mars,  Jupiter,  and  Sat- 
urn, are  taken  from  your  edition  (1846)  of  Sir  John  Herschel's 
Treatise  on  Astronomy.  Those  of  Mercury  and  Uranus  corres- 
pond with  my  hypothesis,  and  are  nearly  identical  with  the  most 
recent  and  reliable  determinations  of  astronomers.  In  other 
words,  the  mass  of  Mercury  is  very  nearly  a  medium  between 
the  two  estimates  of  Encke,**  while  that  of  Uranus  is  more  than 
l^ths  of  Struve's  mass,  t^ttv  found  by  observations  on  the  sat- 
ellites.! The  mean  distances  not  being  given  in  miles  in  Hers- 
chel's Treatise,  I  have  used  the  table  of  distances  in  the  Astron- 
omy of  Professor  Norton.  For  Mars's  period  of  rotation  (24*»  37" 
20».  6.)  I  have  adopted  the  recent  determination  of  Prof.  O.  BL 
Mitchel,  {Sid.  Mess.y  vol.  i,  p.  52). 

TABLE  I. 


Planet*! 
name. 


Mean  Distance  from 
I  he  Sun  in  miles. 


Mercury, 

Venus, 

Earth, 

Mars, 

Jupiter, 

Saturn, 

Uranus, 


Mass. 


Square  root 
of  Mass. 


Na  rotations 

in  one  Sid. 

Period. 


36,814,000    277,000  626-3   8763 
68,787,000  2,463,836  1669-6  230-9 
96,103,000  2,817,409  1678-5  366-26 
144,908,000    392,735  626-7  669-6 
494,797,000  963,670,222:30879-8,10471- 
907, 162,000284,738,000, 16874- 1 24620- 
1,824,290,000|  35,186,000!  5931-51 


i-t 


1-942653 
2-363424 
2-563777 
2-826815 
4-019988 
4-391288 


The  points  of  equal  attraction  between  the  planets  severallj 
(when  in  conjunction)  are  situated  as  follows : — 


TABLE  11. 

Miles  from  the 

Miles  from  tbe 

Between    Mercury  and  Venus, 

former. 

tauar. 

23,943,400 

8,029,600 

"        Venus  and  Earth, 

12,716,600 

13,699.400 

<<        Earth  and  Mars, 

36,264,600 

13,640,400 

''       Jupiter  and  Saturn, 

266,656,000 

146,710,000 

"        Saturn  and  Uranus, 

678,690,000 

238,638,000| 

It  will  be  seen  from  above,  that  the  diameter  of  the  earth's 
sphere  of  attraction  is  49,864,000  miles.     Hence  the  diameters  of 
.  the  respective  spheres  of  attraction  of  the  other  planets,  accord- 
ing to  my  empiricad  law,  will  be  found  to  be  as  follows : — 

•  See  Prot  Encke's  letter  to  Mr.  Airj,  dated  Dec.  20,  1841. 
X  Edinbtiiigh  PhiL  Journal,  for  Jolj,  1848. 
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Lo(. 

19,238,000 

1-283704 

36,660,000 

1-664218 

74,660,000 

1-872479 

466,200,000 

2-668694 

824,300,000 

2-916127 
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Mercury, 
Veniis, 
Mars,    . 
Jupiter,     . 
Saturn, 

Remarks. — The  yolumes  of  the  sphere  of  attraction  of  Venus, 
Mars,  and  Saturn,  in  this  table,  correspond  with  those  obtained 
from  Table  II;  that  of  Mars  extending  sixty-one  million  miles 
beyond  his  orbit,  or  to  the  distance  of  two  hundred  and  six  mil- 
lion miles  from  the  sun.  This  is  about  two  or  three  million  miles 
less  than  the  mean  distance  of  Flora,  the  nearest  discovered  aste- 
roid. That  of  Mercury  extends  about  eleven  million  miles  with- 
in the  orbit ;  consequently,  if  there  be  an  undiscovered  planet  in- 
terior to  Mercury,  its  distance  from  the  sun,  according  to  my  hy- 
pothesis, must  be  less  than  twenty-six  million  miles.  Jupiter's 
sphere  of  attraction  extends  only  about  two  hundred  million  miles 
within  its  orbit,  leaving  eighty-nine  million  miles  for  the  asteroids. 
It  is  only  in  the  most  distant  portion  of  this  space,  where  small 
bodies  would  be  less  likely  to  be  detected,  that  none  have  yet 
been  discovered.* 

The  foregoing  is  submitted  to  your  inspection  with  much  diffi- 
dence. An  author,  you  know,  can  hardly  be  expected  to  form  a 
proper  estimate  of  his  own  performance.  When  it  is  considered, 
however,  that  my  formula  involves  the  distances,  masses,  annual 
revolutions,  and  axial  rotations,  of  all  the  primary  planets  in  the 
system,  I  must  confess,  I  find  it  difficult  to  resist  the  conclusion 
that  the  law  is  founded  in  nature. 

Very  respectfully,  your  obedient  servant, 

Daniel  Kirkwood. 

[The  reading  of  Mr.  Kirkwood's  letter  was  followed  by  re- 
marks by  Mr.  Walker  who  pronounced  the  analogy  the  most  im- 
portant which  has  been  brought  forward  since  the  time  of  Kep- 
ler. Mr.  Walker  also  read  a  paper  prepared  at  the  instance  of 
Mr.  Kirkwood,  containing  a  mathematical  examination  of  the 
law,  in  its  application  to  the  whole  Solar  System,  using  the  most 
recent  values  for  the  elements  of  the  planets.  Another  paper  on 
the  same  subject  was  read  by  Prof.  B.  A.  Gould.  These  we 
defer  to  our  next  number.] 

We  annex  the  following  Letter,  dated  Pottsville,  January  23, 
1850,  from  Mr.  Kirkwood  containing  a  brief  history  of  his  very 
important  discovery. — Eds. 

*  It  may  be  proper  to  remark  that  one  planet  between  Mars  and  Jupiter,  with  a 
maas  and  mean  distance  of  about  double  tnose  of  the  former,  would  perfectly  satifl- 
tj  the  conditions  of  mj  theory. 
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The  following  is  a  very  brief  history  of  the  astronomical  dis- 
covery communicated  to  the  American  Association  for  the  Ad- 
vancement of  Science,  at  its  session  in  Cambridge,  Mass.,  in  Au- 
gust, 1849,  by  Sears  C.  Walker,  Esq. 

My  first  notions  in  regard  to  the  existence  of  an  unknown  law 
regulating  the  revolutions  of  the  planets  on  their  axes,  date  some 
time  previous  to  the  commencement  of  1839.  No  investigation 
of  the  subject,  however,  was  undertaken  until  the  spring  or  sum- 
mer of  that  year,  when,  in  reading  Young's  Mechanics,  I  was 
struck  by  the  remarks  at  the  204th  page  in  support  of  the  con- 
jecture that  both  the  progressive  and  rotary  motions  of  the  heav- 
enly bodies  were  originally  communicated  by  the  same  impulse. 
While  reflecting  upon  the  subject  it  occurred  to  my  mind  that  an 
examination  of  this  theory,  in  case  it  were  founded  in  truth,  might 
possibly  develop  that  harmony,  of  which  I  had  for  some  time  en- 
tertained a  vague  conception.  Having  determined  to  give  the 
subject  my  earnest  attention,  I  commenced  by  calculating  the 
distance  from  the  centre  of  each  planet  to  the  point  at  which,  ac- 
cording to  the  known  laws  of  dynamics,  the  projectile  force  must 
have  been  impressed.*  These  distances  1  compared  with  each 
other  in  a  great  variety  of  ways.  Failing  thus,  however,  to  de- 
tect any  relationship  between  the  different  members  of  the  sys- 
tem, I  abandoned  this  hypothesis  as  hopeless. 

After  this,  my  leisure  hours  were  spent  for  several  years,  with 
no  better  success,  in  comparing  the  masses,  volumes,  densities,  dis- 
tances, &c.  At  length,  as  the  only  remaining  source  of  hope,  I 
took  up  the  nebular  hypothesis  of  Laplace.  This  was  in  1846. 
Here  I  soon  found  that  a  proper  discussion  of  the  questions  which 
presented  themselves  required  an  analysis  beyond  my  reach,  and 
that  consequently  there  was  little  prospect  of  attaining  my  object 
by  any  direct  process  of  mathematical  reasoning.  Still,  however, 
I  could  not  persuade  m3rself  utterly  to  abandon  my  laborious 
though  hitherto  unavailing  pursuit. 

I  had  not  been  long  engaged  in  my  researches  on  the  nebular 
hypothesis  when  the  diameter  of  the  sphere  of  attraction  present- 
ed itself  to  my  mind  as  a  probable  element  of  the  law  sought. 
Further  consideration  of  the  subject  led  to  the  conjecture  that 
the  ratio  of  the  angular  velocity  of  translation  to  that  of  rotation, 
or,  which  is  the  same  thing,  the  number  of  a  planet's  days  in  its 
year,  might  be  another  element.  Finally,  on  the  I2th  of  August, 
1848,  I  obtained  the  simple  analogy  announced  a  few  months 
since  in  my  letter  to  Mr.  S.  C.  Walker.  My  delight  as  I  applied 
it  to  the  different  planets  in  succession  and  found  its  wonderful 
agreement  with  the  known  elements  of  the  system,  may  well  be 


*  la  these  calculatioiis  I  wum,  of  ooune,  under  the  neoenity  of  makiDg  oert«ia  i 
BumptioDS  m  regard  to  the  yuiation  of  densitj  from  centre  to  surfaoe. 
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Some  time  previous  to  the  date  of  my  discovery,  I  learned  that 
the  nebular  hypothesis  had  been  abandoned  by  some  of  its  most 
distinguished  advocates  in  consequence  of  the  revelations  of  Lord 
Rosse's  telescope.  This  fact,  together  with  several  other  conside- 
rations, prevented  me  from  at  once  making  the  result  of  my  in- 
vestigations public.  Having,  however,  again  and  again  revised 
my  calculations,  and  having  found  that  according  to  the  theory 
of  probabilities  there  are  many  millions  of  chances  to  one  against 
the  accidental  coincidence  of  so  many  independent  variable  quan-* 
tities,  I  ventured  to  submit  the  subject  to  the  inspection  of  as- 
tronomers. The  interest  it  appears  to  have  excited,  and  the  favor 
with  which  it  has  been  received,  have  exceeded  my  most  enthu- 
siastic anticipations.  If  it  be  indeed  the  expression  of  a  physical 
law  and  not  a  mere  harmony,  it  undoubtedly  opens  to  men  of 
science  a  vast  field  for  cultivation. 


Abt.  XXXIX. — On  the  so-caUed  Biogen  Liquid;  by  Chables 
GiRARD,  Member  of  the  Boston  Natural  History  Society. 

The  following  pages  are  devoted  to  an  examination  of  a  letter 
published  in  the  American  Journal  of  Science  and  Arts*  also  of 
a  communication  read  before  the  Boston  Natural  History  So- 
ciety in  December,  1848.t 

The  letter  consisted  of  an  expose  of  three  facts  and  one  the- 
ory, viz.  : 

First  fact.  The  formation  of  the  egg  in  the  ovary,  as  observed 
in  a  soft-shelled  mollusk  (Ascidia)  and  in  a  worm  (SigaUon). 

Second  fact.  The  germinative  vesicle  does  not  always  and 
necessarily  disappear  before  the  division  of  the  yolk. 

Third  fact.  There  exists  in  the  centre  of  the  germinative 
spot,  a  transparent  vesicle. 

Theory.  What  embryologists  have  called  albumen  in  the  egg 
of  invertebrated  animals,  has  nothing  in  common  with  the  albu- 
men of  the  egg  of  Vertebrata.  This  liquid  is  the  mother  liquid 
of  the  yolk,  that  is  to  say,  of  the  elements  from  which  a  new 
individual  originates ;  therefore  it  is  called  Biogen. 

These  facts  which  have  been  added  to  science  were  not  first 
made  known  by  Mr.  Desor.  The  theory  is  really  his  own.  We 
shall  presently  see  on  what  it  rests. 

In  the  communication  read  before  the  Boston  Natural  History 
Society,  besides  a  brief  account  of  the  letter  just  mentioned,  we 
find  introduced  some  comparisons  between  certain  pretended  phe- 
nomena which  are  said  to  take  place  in  the  earlier  age  of  the  egg 
and  the  merely  conjectural  phenomena  of  the  nebular  hypothesis. 


*  Second  Series,  toL  vi,  Ka  21»  (TAaj,  1849,)  p.  895. 
t  See  Journal  of  that  Society,  yoL  m,  p.  85. 
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Without  further  prefatory  remarks,  I  proceed  directly  to  take 
up  one  by  one  the  facts,  the  theory,  and  the  speculations. 

I.  The  primitive  egg  has  been  made  the  subject  of  much  re- 
search by  Prof.  Agassiz,  especially  in  the  department  of  Mollusca. 
Ascending  even  beyond  the  first  existence  of  the  egg,  he  has 
shown  us  the  ovary  itself  in  the  process  of  development.  This  is 
composed  of  sacks  or  pouches  varying  in  form  and  size,  in  which 
the  eggs  are  formed.  The  sacks  are  filled  with  an  homogeneous 
and  transparent  liquid.  Soon  this  liquid  becomes  granular,  that 
is,  consists  of  cells,  and  the  cells  becoming  more  and  more  nu- 
merous, give  birth  to  a  little  opaque  sphere,  which  is  the  vitellus. 
The  germinative  vesicle  and  the  germinative  spot  have  appeared 
during  the  formation  of  the  yolk,  and  sometimes  even  prior  to 
this  period ;  but  at  the  moment  when  the  phase  of  division  com- 
mences, both  the  spot  and  the  vesicle  generally  disappear,  and  in 
the  interior  of  each  of  the  spheres  produced  by  the  division,  is 
seen  a  clear  space. 

A  R^sum6  of  these  observations  has  been  published.*  Since 
then,  Mr.  Desor  has  observed  analogous  phases  in  other  animals. 
He  published  them,  as  he  had  a  right  to  do,  but  he  should  have  at 
least  declared  at  the  outset,  that  he  was  doing  nothing  more  than 
repeating  the  observations  which  another  had  made  before  him^ 

II.  When  an  egg  has  reached  that  point  of  its  history  which 
is  called  its  maturity,  it  is  distinguished  by  the  following  charac- 
ters : — a  spherical  mass,  more  or  less  opaque,  which  is  the  yolk ; 
in  the  center  of  this  is  found  a  much  smaller  sphere,  the  germina- 
tive vesicle,  containing  another  substance,  usually  transparent ; 
then  in  the  interior  of  this  last,  a  sphere  or  spheres  still  smaller, 
the  germinative  spot  or  spots. 

The  epoch  of  the  appearance  of  the  germinative  spot  varies  as 
it  would  seem  within  very  considerable  limits.  This  is  not  the 
place  to  discuss  this  question.  Let  it  be  observed,  however,  that 
they  exist  in  every  egg  when  it  is  mature,  and  that  they  disappear 
from  every  egg  when  it  enters  upon  the  period  of  division. 

But  among  the  Nemertes  a  curious  phenomenon  is  observed. 
Generally  as  we  have  just  said,  the  vesicle  and  spot  disappear  be- 
fore the  division  of  the  yolk,  or,  at  least,  at  the  moment  when  it 
divides  in  halves.  The  secondary  spheres  resulting  from  the  sub- 
divisions of  the  vitelline  mass,  have  then,  each  one  in  its  interior, 
a  clear  space.  The  question  has  been  raised,  what  part  the  ger- 
minative vesicle  plays  in  the  history  of  the  eggs  ?  Is  the  division 
the  consequence  of  its  disappearance  ?  in  other  words,  is  its  con- 
tent necessary  to  efiect  the  division.  The  germinative  vesicle 
has  been  considered  as  containing  the  primitive  elements  of  the 

*  Lectures  on  Ckmiparatiye  Embryology,  bj  Louis  Agaasic  Bostoa  Jaouaiy,  1S49. 
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new  being,  or  an  element  iadispensable  to  its  fimnalion.  I(ow 
here,  among  the  Nemertes  we  meet  with  a  ease  where  the  yolk 
is  already  divided  into  four  parts,  white  the  germinative  vesicle 
still  exists.  The  division  of  the  yolk,  then,  can  take  place  with- 
out the  previous  bursting  of  the  germinative  vesicle. 

This  fact  is  set  forth  and  illustrated  fully  in  the  Lectures  cm 
Oomprehensive  Eknbryology,*  and  what  appears  strange  to  us,  is, 
that  Mr.  D.  now  takes  for  his  own,  an  observation  to  which  be 
strongly  objected  when  it  was  first  communicated  to  him.  Hav- 
ing made  bis  observations  upon  a  species  different  from  that  in 
which  the  fact  was  originally  observed,  there  was,  it  seems  to  me^ 
sufficient  merit  in  pointing  it  out  in  another  species,  without 
claiming  for  himself  the  absolute  priority. 

III.  In  1840,  Mr.  Martin  Barry  and  Prof.  Valentin,  simultaneous* 
ly  observed,  the  one  in  England  in  the  egg  of  the  Rabbit ;  the  other 
upon  the  shores  of  the  Mediterranean,  in  the  egg  of  a  sea  Urchin, 
[Echinus  lividus^)  that  the  germinative  spot  is  not  so  simple  as 
had  been  previously  supposed.  The  observations  of  Mr.  Barry 
were  published  during  the  same  year  ;t  those  of  Prof.  Valentin, 
written  in  1840,  did  not  appear  till  1842,  and  at  this  time  he  was 
still  unacquainted  with  those  of  the  English  micrographer,  for  he 
would  not  have  failed  to  mention  observations  so  curious  and  a 
coincidence  so  remarkable.  Prof.  Valentin  merely  says  that  a 
round  opaque  body  is  often  discerned  in  the  center  of  the  germi- 
native spot.{  In  1841,  Van  Beneden<^  observed  a  granule  in  the 
germinative  spot  of  the  HydrfzcUnia  rosea^  and  in  1844, ||  when 
reconsidering  the  same  species,  he  detected  an  opaque  corpuscle 
within  the  germinative  spot  This  fact  I  have  verified  in  1848, 
in  the  case  of  the  common  sea  Urchin  (or  sea  egg)  of  Massachu- 
setts Bay. 

More  recently  Mr.  D.  says,  that  he  has  observed  in  a  worm 
(SigcUion),  and  a  sea  anemone  (Actinia),  that  the  germinative 
spot  contains  a  clear  transparent  vesicle.  Comparing  then  this 
clear  vesicle  with  the  opaque  nucleus  observed  by  Prof.  Valentin, 
he  calls  it  Vesicula  Valentini, 

We  honor  the  homage  rendered  to  Prof.  Valentin : — but  Mr.  D. 
has  failed  to  explain  how  it  happens  that  a  transparent  vesicle  in 
the  worms  and  sea  anemone,  is  the  same  thing  with  the  opaque 
nucleus  of  the  sea  Urchins ;  and  moreover  he  ought  not  to  have 
overlooked  two  points  of  its  history,  those  which  belong  to  Mr. 

*  Paf^  70, 71.  t  ReseardieB  id  Embryology:  Third  Series, 

t  Anatomie  dii  ffemre  Edinos,  p.  lOS,  PL  viii,  %.  167. 
fi  Bulletin  de  TAcad^mie  de  Bruxellea. 

I  Hedierches  sur  rembryog^nie  des  Tnbulaires. — M6ixl  Acad.  Bnuc,  voL  xvii,  p.  62, 
Rvi,fig.  6. 
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Barry  and  Yan  Beneden.  By  examining  more  closely,  and  study- 
ing more  intimately  the  contents  of  the  germinative  reside  and 
of  the  germinative  spot,  he  might  have  satisfied  himself  that  the 
presence  of  a  clear  vesicle,  or  of  an  opaque  nncleus,  indicates  only 
two  states  of  one  and  the  same  phenomenon,  since  they  are  ob- 
served alternately  in  the  same  species.  This  is  the  case  with  the 
eggs  of  Ascidice,  of  Medusae,  of  Echini,  and  probably  the  eggs  of 
many  others. 

By  merely  reading  the  paper  of  Mr.  Barry,  he  might  have  been 
convinced  that  this  observer  had  seen  much  deeper  than  any  of 
his  predecessors.  Mr.  Barry  has  pointed  out  a  cellular  content  in 
the  germinative  vesicle,  a  thing  then  new  to  science ;  he  believes 
this  substance  to  be  produced  by  changes  which  take  place  in  the 
germinative  spot.  I  do  not  enter  into  more  full  details  upon  the 
researches  of  Mr.  Barry,  for  in  that  case  I  should  be  obliged  to 
make  some  objections  of  secondary  importance,  which  is  not  here 
my  object.  I  had  only  to  point  out  a  fact,  to  correct  an  oversight 
1  now  return  to  my  subject. 

lY.  The  researches  of  Mr.  D.  upon  the  development  of  the  eggs 
of  Ascidiae,  have  led  him  to  imagine  a  theory.  This  theory  rests 
upon  a  false  fact.  According  to  this  theory,  the  primitive  state 
of  the  egg  is  a  little  sphere  containing  a  transparent  homogeneous 
liquid,  in  the  midst  of  which  sphere,  may  be  already  seen  the 
outline  of  the  germinative  vesicle  and  spot  By  degrees  this 
liquid  becomes  turbid^  and  the  germinative  vesicle  appears  sur- 
rounded by  a  slight  chud  which  increases  in  extent  until  it  fills 
the  sphere  of  the  egg.  Then  finally  there  is  a  retreat  of  the  mat- 
ter from  the  cireumference  towards  the  centre  of  the  egg  where 
it  is  condensed  and  forms  the  yolk.  A  free  space  remains  between 
this  last  and  the  external  tnembrane.  This  space  is  filled  by  a 
liquid ;  this  liquid  is  the  Biogen. 

Having  examined  during  many  weeks  and  continuously  each 
day  the  eggs  of  the  same  Ascidia  which  was  the  subject  of  his 
observation,  I  have  never  witnessed  this  phenomenon.  And  yet 
I  examined  them  in  individuals  of  very  difierent  sizes,  and  m 
most  diverse  conditions,  taking  care  always  that  the  egg  should 
remain  in  its  natural  state ;  never,  I  repeat  it,  did  I  see  this  phe- 
nomenon of  gradual  condensation  and  of  the  retreat  of  the  vitel- 
lus.  Having  tried  all  the  good  niethods  of  which  we  can  avail 
ourselves  in  the  use  of  the  microscope,  the  idea  occurred  to  me 
to  compress  strongly  a  fragment  of  ovary.  What  was  my  surprise, 
at  seeing  living  copies  of  the  figures  published  upon  this  subject. 
It  could  even  have  been  easy  to  make  a  more  complete  series 
of  them.  The  eggs  were  no  longer  in  their  natural  state ;  they 
were  pressed  down  or  crushed,  their  natural  state  destroyed, 
and  this  was  the  foundation  upon  which  was  built  the  theory 
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of  Btogen  liqaidy  which  was  to  apply  to  the  whole  animal  kmg^ 
dom.* 

What  then  is  the  liqaid,  and  what  part  does  it  play  in  the  his* 
tory  of  the  egg  ?  This  liquid  is  albumen,  the  albumen  which  is 
formed  in  the  ovary,  and  to  judge  rightly  of  the  part  which  it 
takes  in  the  formation  of  the  egg,  some  general  considerations 
upon  the  primitive  state  of  eggs  are  here  necessary. 

Prof.  Agassizf  has  already  reminded  us  that  the  point  of  depart* 
nre  of  the  egg  is  the  same  as  that  of  the  cells  of  the  organic  tifr* 
sues.  There  is  a  period  when  the  ovule  is  only  a  minute  celU 
More  recent  observations  confirm  these  first  results.  To  know 
the  origin  of  the  egg,  we  must  then  ascend  to  the  origin  of  cells. 

There  are  primordial  cells,  and  derived  cells.  The  experimenis 
of  Dr.  Ascherson^:  have  taught  us  that  primordial  cells  are  formed 
of  two  substances;  of  an  oily  substance  and  of  albumen.  Gella 
perfectly  like  primordial  organic  cells  can  be  made  artificially  by 
bringing  an  oily  liquid  into  contact  wiih  albumen,  although  the 
albomen  and  the  oil  or  oily  matter  show  a  perfect  continuity  of 
substance  when  we  examine  them  separately.  But  bring  them 
in  contact,  and  cells  are  formed  immediately.  Every  physioli^iat 
can  repeat  these  experiments,  and  ought  to  do  it. 

Primordial  cells  once  formed  in  the  manner  above  indicated, 
another  phenomenon  presents  itself.  They  become  nucleated, 
and  these  nuclei  enlarging,  give  birth  to  derived  ceils. 

Thus  derived  cells  are  multiplied  by  the  growth  of  the  nuclei, 
according  to  the  researches  of  Mr.  Martin  Barry,<^  of  Prof.  Aga^ 
siz  and  my  own,  and  whenever  the  third  generation  appears,  the 
parent  cell  bursts  and  allows  its  contents  to  escape ;  it  is  in  this 
way  that  they  increase  in  number. 

Now  the  only  difference  there  is  between  the  cells  of  the  i» 
sues  and  eggs,  is  that  in  these  last  the  parent  cell  never  bur8ts,|( 
the  primordial  cell  preserves  within  itself  all  the  subsequent  geu'- 
erations  of  derived  cells ;  which  by  their  accumulation,  form  the 
substance  out  of  which  the  new  individual  is  produced. 

Applying  now  this  knowledge  in  a  more  special  manner  to  the 
development  of  eggs,  we  can  reply  to  the  question  asked  above^ 
viz.,  what  part  does  the  albumen  play  ? 

♦  If  the  Biogen  \a  so  general,  T  would  ask  why  it  was  not  shown  in  the  Sigalion 
•od  the  SabelU  of  which  Mr.  Desor  also  speaks  H 

1  Lectures  on  CcMnparative  Embryology,  1849,  p.  81. 
Ueber  den  physiologiachen  Kiitzen  der  Fettntoffe  und  iiber  eine  neue  auf  deren 
mitwirkuDg  begriindete  und  durch  mehrere  neue  Thatsachen  unterattitzte  Theorie 
der  ZeIlenbUdmig.~In  Miiller's  Ardiiv.  fur  Anatoraie  Physiokigie,  Ac   1840,  p.  44. 
— Comptes  BendoB  de  I'lnstitut,  vol  yii,  18S8,  p.  837.    (Sur  tumge  pKy9wlogiqut  dtM 

Keseurches  in  Embryology :  Third  Series. 

I  mean,  at  least,  as  long  as  the  ntw  indiyidaal  is  not  ready  to  escape  out  of 
the  egg. 
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At  a  determinate  epoch,  for  each  species,  the  ovariau  sacks  are 
filled  with  primordial  cells.  It  would  be  prematare  to  raise  the 
cpiestioQ  whether  they  are  formed  in  the  ovary  itself,  or  are 
brought  there  already  formed.  Let  as  take  them,  as  they  exist 
in  the  ovary.  There  under  the  influence  of  the  organism,  they 
pass  through  that  coarse  of  development  which  we  have  pointed 
out  as  proper  to  cells  destined  to  become  eggs.  They  contain  at 
first  oil.  By  endosmosis  albumen  passes  through  the  envelop  or 
membrane,  and  coming  in  contact  with  the  oil,  cells  are  formed, 
the  constituent  cells  of  the  vitellus  (the  granules  of  the  yolk). 
When  the  oil  is  exhausted,  no  more  cells  are  formed.  The  mass 
of  the  vitellus  then  increases,  after  the  ordinary  method  of  mul- 
tiplication by  the  growth  of  nuclei.  The  albumen  itself  contin* 
lies  to  penetrate  through  the  membrane  of  the  cell,  which  has 
now  b^me  an  egg.  It  remains  under  the  form  of  albumen,  and 
surrounds  the  vitelline  globe  with  a  concentric  zone  more  or  less 
thick  which  increases  as  the  egg  grows  larger.  The  intermedi- 
ate space  between  the  yolk  and  the  external  envelop  {chorion) 
being  increased,  one  would  be  tempted  to  acknowledge  a  with- 
drawing of  the  vitellus  from  the  circumference  towards  the  cen- 
tre, if  it  were  not  known  that  all  parts  of  the  egg  enlarge  in  the 
same  proportions.  Besides,  a  yolk  which  retreats,  which  is  con- 
densed, ought  to  occupy  a  less  space,  while  the  contrary  is  the 
fact,  even  as  shown  by  the  drawings  made  by  Mr.  Desor  himself. 

The  conclusion  is  doubtless,  already  anticipated,  that  the  pre- 
tended biogen  liquid  is  found  to  be  nothing  more  than  an  accu- 
mulation of  albumen,  the  albumen  formed  in  the  ovary.  .  An  em- 
bryologist  would  have  known  that  the  yolk  of  the  egg  of  all  an- 
imals is  composed  of  albumen  and  of  an  oily  substance,  and  that 
;  no  one  has  ever  supposed  the  first  of  these  two  substances  to  be 
formed  in  the  oviduct.  When  the  albumen  deposited  in  the  ovi- 
duct is  spoken  of,  it  is  the  white  which  surrounds  the  yolk  of  the 
egg  of  certain  animals  that  is  referred  to,  and  it  is  altogether  gra- 
tuitous to  attribute  to  embryologists  doubts  on  this  subject.  I 
think  Mr.  Desor  is  the  only  person  who  has  ever  confounded  the 
albumen  of  the  vitellus,  with  the  albumen  which  ntrrounds  the 
essential  parts  of  the  eggs  common  to  all  animals. 

When  mature  eggs  are  to  be  referred  to  a  uniform  type,  it  is 
necessary  to  distinguish  between  the  essential  parts  (the  vitellus 
or  yolk,  the  germinative  vesicle  and  the  germinative  spot),  and 
.  the  accessory  and  protective  parts  (the  external  albumen  or  white, 
the  shell-membrane  and  the  shell  itself).  The  former  are  identi- 
cal throughout  the  animal  kingdom,  they  are  never  wanting ; 
they  are  therefore  necessary.  The  latter  are  not  absolutely  neces- 
sary, and  as  a  proof  of  this,  they  are  modified  according  to  cir- 
cumstances, and,  in  an  infinite  number  of  cases,  are  entirely 
wanting. 
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Starting  now  from  the  stracture  of  the  egg  and  knowing  it  to 
be  identical  in  its  constituent  elements  throughout  the  whole  ani* 
mal  kingdom,  the  doctrine  of  its  crystallization  from  a  mother* 
Uquid  refutes  itself.  The  idea  that  the  ritellus  is  precipitated,  or 
is  crystallized,  is  indeed  very  strange.  Is  not  this  the  distinction 
which  we  make  between  tl^  inorganic  kingdom  and  the  organic 
kingdom,  that  the  former  is  crystallized,  while  the  latter  is  or* 
ganized. 

And  then  as  to  the  physical  characters  of  this  biogen  liquid, 
and  the  method  of  distinguishing  it  from  albumen,  not  a  word  is 
said.  All  that  has  been  done  is  the  substitution  of  a  name,  the 
thing  newly  named  is  hidden  from  the  eyes  of  physiologists.  To 
expUin  the  formation  of  eggs  in  the  animal  kingdom,  Mr.  D. 
thns  finds  himself  obliged  to  procure  the  intervention  of  a  liquid 
of  which  he  knows  nothing,^*a  liquid  which  wonid  make  the 
function  of  the  ovary  of  secondary  importance, — a  liquid  which 
would  substitute  itself  for  the  vital  action  of  the  organism,  an  ac^ 
tion  which  physiology  explains, — in  fine,  an  occult  liquid,  which 
sound  philosophy  disowns. 

To  oppose  such  a  liquid  to  the  vital  action  of  the  organism  in 
the  procreation  of  the  substance,  from  which  new  individuals 
arise,  is  to  go  out  of  the  domain  of  science.  Mr.  D.  moreover 
has  found  that  his  biogen  liquid  nms  through  various  noodifi- 
cations.  This  liquid  then  has  no  permanent  character,  it  is  under 
the  influence  of  something  beyond  it,  which  produces  it  in  its  turn. 

Anatomy  and  physiology  are  our  guides  in  our  embryological 
researches  ;-^one  confirms  the  other.  Remaining  within  these 
limits,  it  was  not  necessary  to  go  beyond  the  bounds  of  sound  phi-* 
loeophy,  and  to  fancy  a  theory  which  rests  upon  nothing,  which 
teaches  nothing  new,  which  explains  nothing,  and  which  stands 
apart,  isolated  from  physiology. 

Thus  the  theory  of  biogen,  applied  to  the  egg  of  Ascidia,  is  not 
ev^en  probable ;  applied  to  the  animal  kingdom  it  is  absurd. 

Y.  ^  1.  Prepossessed  by  the  false  notion  that  the  vitellus  is 
formed  by  condensation,  Mr.  D.  compares  the  formation  of  eggs  to 
that  of  the  celestial  bodies,  according  to  the  nebular  hypothesis. 

But  in  order  that  a  comparison  of  one  phenomenon  with  some 
other  phenomenon  may  be  established,  it  is  necessary  that  the  one 
with  which  the  comparison  is  made,  should  be  perfectly  demon- 
strated,— it  must  be  a  law  or  a  principle. 

Now  the  author  forgets  that  the  question  of  the  condensation 
of  the  heavenly  bodies  according  to  the  nebular  hypothesis,  is 
one  of  the  most  controverted  questions.  The  fact  is  that  we 
know  nothing  positively  respecting  the  origin  of  the  stars.  Has 
the  matter  of  which  they  are  composed,  been  diffused  through- 
out space  under  the  form  of  what  has  been  called  nebula^  and 
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has  it  been  gradually  condensed  around  a  nucleus  to  acquire  its 
sphericity  imder  the  power  of  universal  attraction,  and  to  assume 
then  a  given  movement  and  a  determined  direction  ? 

There  is  no  astronomer  who  can  answer  this  question  in  the 
affirmative.  From  the  study  of  our  globe  we  arrive  at  the  idea 
that  it  has  had  a  beginning,  and  that  it  was  originally  in  a  jQluid 
state.  Beyond  this,  all  is  conjecture.  Reasoning  from  the  earth 
to  the  stars,  we  acknowledge,  for  all,  a  beginning  of  which  we 
are  ignorant. 

It  is  then  a  false  generalization  to  compare  the  phenomena  of  ova« 
lation  with  the  theory  of  the  condensation  of  the  sidereal  bodies. 

But  let  it  be  for  a  moment  granted  that  the  stars  have  been 
formed  by  the  condensation  of  matter  at  first  diffused.  Where  is 
the  analogy  between  what  ought  then  to  take  place,  and  what 
we  witness  in  the  formation  of  the  egg? 

The  point  of  departure  of  organized  beings  is  a  sphere — the 
sphere  is  the  figure  of  the  celestial  bodies ;  this  is  the  whole  of  the 
an^ogy !  In  that  sphere  which  constitutes  the  egg,  two  liquids 
are  brought  in  contact  and  having  an  affinity  for  each  other, 
they  combine  and  form  the  vitellus  which,  from  the  first,  is  dis- 
tributed equally  throughout  the  whole  sphere,  less  dense,  it  is 
true,  at  the  beginning ;  but  never  showing  the  least  tendency  to 
centripetal  motion,  the  least  disposition  to  be  precipitated  around 
the  germinative  vesicle.  There  is  never  any  retreat  of  the  vitel- 
lus trom  the  periphery  towards  the  centre ;  there  is  no  gravitation  ,- 
there  is  a  molecular  attraction  in  the  interior  of  a  sphere,  there 
ue  two  liquids  which  wte  associated  together,  and  not  one  liquid 
creating  another  out  of  itself. 

Thus  then  should  the  theory  of  the  condensation  of  the  heav- 
enly bodies  be  true,  that  of  the  eggs  arising  from  hiogen  would 
not  even  be  its  analogue.  Where  is  the  biogen  of  the  stars?  No 
astronomer  has  had  the  hardihood  to  imagine  a  mother  liquid,  a 
gas,  or  any  substance  whatever  preexisting  in  space  to  create  mat- 
ter, and  to  disappear  after  having  undergone  various  modifications. 

4  2.  But  Mr.  D.  stops  not  here.  After  having  found  the  great 
law  of  attraction  at  the  bottom  of  the  formation  of  organic  bod- 
ies, he  comes  to  the  question  of  movement.  "  As  soon,"  he  says, 
"  as  the  egg  enters  upon  its  organic  life,  it  begins  to  revolve." 
There  are,  indeed,  a  few  invertebrated  animals  in  which  the  em- 
bryo is  subjected  to  a  rotatory  movement  within  the  envelop  of 
the  egg.  When  one  witnesses  this  for  the  first  time,  his  thoughts 
natumlly  revert  to  the  rotatory  movement  of  the  celestial  bodies. 
But  on  looking  deeper  into  the  subject,  he  soon  perceives  the  dif- 
ference. I  have  described  the  movements  which  take  place  in 
the  embryo  of  a  marine  Planaria.*    I  have  shown  that  there  is 

♦  Proc  of  the  Amer.  Assoc  for  the  Adv.  of  Sciences,  Second  meeting,  held  at 
Ounbrtdg^  Angugt^  1849.    Oamfaiidge,  1860.    8TO,p.400. 
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notbiDg  regular  about  Ibem,  no  subjectioa  to  law.  The  young 
animal  itself  regulates  and  controls  them.  There  are  vibratory 
ciliae,  that  is  to  say,  organs  of  locomotion,  and  where  these  do 
not  exist,  vibratory  cells.  There  is  not  an  external  force  under 
the  dominion  of  which  it  is  caused  to  move. 

The  egg  possesses  oi^nic  life  from  the  moment  when  it  ap- 
pears under  any  form  whatever,  therefore  it  cannot  be  said  to  ac- 
quire It  when  it  begins  to  move.  Besides  eggs,  as  eggs,  move  not ; 
when  they  move  they  are  no  longer  eggs ;  they  are  embryos. 
For  when  movement  occurs  it  does  not  take  place  till  after  thd 
division  of  the  yolk ;  and  after  that  division,  the  embryo  exists. 

So  that  in  this  view  also,  the  comparison  is  false. 


Abt.  XL. — Note  on  Heteronomic  Isomorphism;  by  J.  D.  Dana. 

In  the  table  on  page  241,  of  this  volume,  the  mineral  Petalite 
is  placed  with  the  triclinic  feldspars.  The  cleavages  appear  to 
correspond  more  correctly  to  a  monoclinic  form,  although  as  far 
as  now  understood,  not  wholly  analogous  to  the  (Htlinary  feldspm 
in  direction.  In  the  C  atomic  volume,  as  determined,  it  is  iaen« 
tical  with  the  monoclinic  feldspars.  The  atomic  volumes  of  ibm 
feldspars  will  then  stand  as  follows : 

I.  NOMOOUllia 

A.  B.  C. 

Ortboclase,                .  1S88  S81S  60*4 

Ryacolite, 867  216-t  578 

LoxocUtte,          .        4        .        .  10«8  2lf-$  66-0 

BMilite, 21781  217-81  56-86 

Petalite, 60718  22496  67-8 

n.  TftiouNia 

Albite,       .....  1280-4  218*4  66-67 

Lftbradonte,      ....  795-6  198-9  68^8 

OligodMe,         ....  1088-8  20766  54-647 

Andeabe, 2912-4  208  550 

Anorthite, 1969  195-9  52-94 

Yoegite, 29661S  197  52-84 

Topaz  and  Andahisite  approximately  isomorphous. — The  an- 
gle or  the  vertical  prism  of  Andalusite  is  91°  2(K,  and  in  Topas 
there  is  the  corresponding  angle  93°  7'  (form  oc  P2,  as  usually 
taken).  In  the  former,  P:a,  (a  brachydiagonal  prism,)  =144°  R& 
Teschemacher,  140°  Phillips,  while  topaz  has  the  corresponding 
angle  138°  3^  Ramraelsberg  has  recently  suggested  that  in  topaz 
the  fluorine  replaces  oxygen,  and  that  the  formula  is  essentially 
3i3Si2,  with  one-seventh  of  the  oxygen  replaced  by  fluorine,  or 
as  written  out  in  full, 

6[8Aia  03+28i03]  +  [8A12  P3+2SiF8]. 

As  this,  excluding  the  fluorine,  is  the  formula  of  Andalusite,  the  iso- 
morphism here  pointed  out  may  be  a  case  of  ordinary  isomorphism. 
Manganocaldte* — ^This  species  is  a  trimetric  carbonate  of  man* 
ganese,  illustrating  the  remark  on  page  239. 
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A&T.  XLI. — On  some  MineraU  recenUy  investigated  iy 
M.  Hermann  /*  by  James  D.  Dana« 

1.    GiBBSITE. 

The  analyses  of  Gibbsite  by  Hermann,  according  to  which 
Gibbsite  is  a  phosphate  instead  of  a  hydrate  of  alumina,*  are  al- 
luded to  by  Prof,  gilliman,  Jr.,  in  his' memoir,  in  volume  vii,  of 
this  Journal,  page  411,  where  this  chemist,  by  several  analyses, 
sustains  the  original  view  with  regard  to  this  species,  his  results 
giving  much  less  than  one  per  cent,  of  phosphoric  acid.  Her- 
mann in  a  late  memoirf  publishes  the  following  as  his  recent 
conclusions  upon  the  Richmond  mineral 


1«. 

\h. 

t. 

8. 

Pho9pboric  acid, 

.    87-62 

26-80 

16-80 

11-90 

jLluiuina,  . 

.    26«0 

38-29 

60^ 

1^-93 

W«ter,      . 

.     86-72 

85-41 

84  6Q 

84-18 

'  Nos.  la  and  16  were  two  specimens  somewhat  foliated  on  limo- 
nite ;  G.  ::x2-21.  No.  2  was  a  stalactitic  mass ;  G.«2-44  No.  a 
was  porous  with  an  earthy  fracture ;  G.a:2'20.  The  phosphoric 
acid  is  here  made  a  very  varying  constituent. 

This  species,  from  Richmond,  has  recently  been  analysed  by 
Mr.  Crossley  in  the  Laboratory  of  Dr.  C.  T.  Jackson,  with  direct 
reference  to  the  occurrence  of  phosphoric  acid  (as  in  Prof.  SilK- 
man's  investigations),  and  he  has  found  that  his  specimens  con- 
iained  no  phosphoric  add,  and  were  a  true  hydrate.  The  mineral 
is  therefore  identical  with  Rose's  hydrargillite  and  includes  that 
species,  as  has  been  before  suggested. 

2.    WlLLEHTTE,    OR  AnHTDROUS   SiLICATE   OF    ZiNG. 

The  anhydrous  silicate  of  zinc  was  first  recognized  as  a  species 
by  Vanuxem  and  Keating,  who  published  a  full  and  accurate  de- 
scription both  physical  and  chemical,  in  1824,  in  the  Journal  of 
the  Academy  of  Natural  Sciences  of  Philadelphia,  volume  iv, 
page  8.  They  describe  the  form  of  the  crystals,  as  occurring  at 
Stirling,  New  Jersey,  and  give  the  angle  R :  R,  118^,  which  was 
offered  as  only  an  approximation,  the  faces  being  irregular  and 
rough. 

Subsequently,  Dr.  Thomson  of  Glasgow  received  specimens. 
He  described  the  mineral  physically  nearly  as  done  by  Yanuxem 
and  Keating,!  mentioning  the  bexagonally  prismatic  form  with 
trihedral  summits,  though  giving  the  angle  124^  instead  of  118^, 
observing  however  that  it  was  '*  impossible  to  measure  the  an- 
gles," as  the  planes  were  so  very  uneven.    He  states  that  the 


•  Jour,  fiir  Prakt  Cbem^  xl,  82.  f  Ibid,  xlvii.  1. 

X  Aim.  Ljcevan  Nat  Hist.,  N.  Y^  iSi,  1828,  and  MiDeralogy,  18M,  i,  019. 
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above-mentioned  authors  had  made  it  out  a  riUcate  of  zinc.  His 
investigations  transformed  it  into  a  silicate  of  manganese  with 
the  composition 

Si  80^60      ]Srn  46*215      Fe  15-450     moiature  and  carbonic  acid    7'800=90'615. 

Dr.  Thomson's  reputation  at  that  time  served  to  put  the  blun- 
der on  Vanuxem  and  Keating.  The  mineral  was  named  Troos- 
tite,  and  Thomson's  analysis  assumed  as  the  correct  one.  Re- 
cently the  so-called  Troostite  has  been  examined  by  Hermann,* 
who  has  confirmed  the  original  analyses,  both  results  giving  the 
formula  2n3  gi  «=  Silica  7247,  oxyd  of  zinc  27 63,  or  the  consti- 
tution of  Willemite.  The  analyses  hitherto  made  of  the  Ameri- 
can and  foreign  Willemite  are  as  follows : — 

1,  2,  Yanuxem  and  Keating  (loc.  cit.) ;  3,  Hermann  (loc.  cit.) ; 

4,  Thomson  (Min.  i,  545) ;  6,  Levy  (Ann.  des  Mines,  [4],  iv,  615) ; 
6,  Rosengarten  (Rammelsberg's  3d  Supplement  to  hisHandwor- 
terbuch,  65) ;  7,  8,  Monheim  (Yerh.  Nat.  Yereins.  Rheinl.,  1848, 
and  Rammelsbei^'s  4th  Supplement,  114);  9,  10,  Delesse  (Ann. 
des  Mines,  [4],  x,  211). 

Si       2gi 
l,Stirliag,  25*44   68-06   Pe,  Sin  6*50  =  100*00,  Yamnon  and  Keatii«. 
%       "         25-00    71-88   Fe  0-67,  »n  2-66  =  99-66     « 

8,  «  26-80  60-07  in  922,  Sg  291,  f'e  trace,  loes  by  ignition  1-0=100  Herto. 
4,Moreanet,  26-97  6877   Pe  1-48, 3^  066,  ib.  A  trace  2n,PeO-78,fi  125=99-91,  Thorn. 

5,  "         2705   68-40    Pe  075,  loss  by  ignition  080  =  96*50,  Levy. 

6,  Silesia,    27*84   70*82    j*e  181  =  99*97,  Rosengarten. 
7,Stolberg,26*90   72*91   9e  0*85 « 10016,  Monheim. 

8,  *"        26*68    69-06  4*86,  Ca  0*41,  liig  0*18,  0  0*04  =  100«8,  Monheim. 

9,  «         27*28   72*87    J'e  0*85  =  100,  Delesse. 

10,  Sdrling,  27*40  68*88  0*87,  fin  2*90  =  100,  Deleaee. 

Hermann  gives  the  specific  gravity  of  the  Stirling  ore  4-02 ; 
Vanuxem  and  Keating  3*89-4,-  Thomson  for  the  Willemite 
3-935,  and  Levy  4-16-4-18.  No.  7  (from  Stolberg  near  Aix  la 
Chapelle)  was  crystallized;  G.  =  4-18.  No.  8  massive;  G.  = 
4*02-4-16.  No.  10,  the  Stirling  mineral,  according  to  Delesse, 
has  G.  =  4*154. 

The  crystals  of  Troostite  have  besides  the  primary  rhombohe- 
dron  (115^)  another  truncating  its  terminal  edges,  (-}  R)  with 
R :  R=142o  52'.  The  crystals  of  Willemite  are  quite  small,  be- 
ing but  2  or  3  millimeters  long  and  1  thick.  They  are  hexa- 
gonal prisms,  but  the  prism  is  intermediate  to  that  of  Troostite ; 
and  the  trihedral  summit  has  according  to  Levy  the  angle  of 
128°  30^  nearly,  the  planes  not  admitting  of  very  accurate 
measurement,— corresponding  possibly  to  the  rhombohedron  f  R, 
which  has  this  angle  127°  33'. 


*  Jour,  fiir  prakt.  Ohem.  of  Erdmaiin  and  Harchand,  dvii,  11. 
&KxmD  Sivn,  YoL  IX,  No.  S7.— May,  ISI^O.  62 
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3.  Rhodonite,  or  Manganese  Spar. 

Rhodonite  was  long  since  shown  to  be  a  manganese  augite, 
and  the  Fowlerite  of  Shepard  is  recognized  by  Hermann  as  giv- 
ing the  angle  of  augite ;  M :  M=87°  6'.  Hermann  has  analyzed 
the  Stirling,  N.  J.,  mineral  with  the  following  result, 


Si         te         iHn 
46-48       7-28       81-62 

2n        6a        Hg 
6-86      4-60      8-09    loss  by  ignition,  1-00— 99*67 

Oxygen,  24-18       1-60        7*06 

116       1-28       1-22 

giving  for  the  oxygen 
2413,  or  very  nearly  1 

ratio  for  protoxyds  and  silica  12-31: 
:  2,  as  in  the  received  formula  Ilns  Sia. 

He  obtained  the  specific  gravity  3*63. 

Hermann  has  also  analysed  the  manganese  spar  of  Cumming- 
ton,  Massachusetts,  and  has  concluded  that  the  mineral  instead  of 
being  a  manganese  augite  is  a  manganese  hornblende,  that  is, 
has  the  oxygen  ratio  4 : 9  and  formula  ji^4  Sis. 

His  analysis  gave 

Si        An,  tr(Ke  of  te      6a  iSlg 

48-91  46-74  2-00  2-86=10000 

Oxygen,  2688  1087  0-67  091 

The  result  aflfords  the  oxygen  ratio  for  protoxyds  and  silica 
11-85  :  25-38  or  very  closely  4 :  8 J,  which  is  as  near  augite  as  the 
hornblende  ratio.  He  unites  with  his  mangan-amphibol,  Thom- 
son's sesquisilicate  of  manganese  from  Stirling,  which  according 
to  Thomson  has  the  angle  123^3(y,  which  is  nearly  that  of  horn- 
blende. But  Thomson's  analysis  proves  the  crystallographic 
measurement  of  little  value,  since  it  makes  the  species  a  manr 
gan-augite — it  giving 

Si  42-40  An  6072  J'e  6-76 

or  even  less  silica  than  required  for  an  augite,  instead  of  the  ex- 
cess which  would  make  it  a  hornblende. 

The  mineral  of  Cummington  often  contains  disseminated 
through  it  visible  points  or  grains  of  silica,  and  if  in  visible  grains, 
there  will  be  also  invisible  silica,  and  enough  to  account  probably 
for  the  hornblende  composition.  M.  Adolph  Schlieper,  now  of 
Lowell,  Mass.,  has  examined  and  analyzed  the  Cummington  min- 
eral, from  specimens  placed  in  his  hands  by  the  writer,  and  he  at- 
tributes the  excess  of  silica  to  this  source.  His  analysis  gives  the 
oxygen  proportion  11-36  to  26*6,-or  quite  closely  4 : 9.  He  found 
the  mineral  to  be  partly  soluble  in  acids  and  by  this  means  sep- 
arated it  into  an  insoluble  portion  9U-15  per  cent.,  a  soluble  9*85. 

The  insoluble  part  afforded 

Si  iin  Ca  iStg  :^e 

61-21  42-66  2-98  trace  4-34=101-18 

Oxygen,      26.6  966  084  0*96 

The  soluble  part  consisted  of  carbonates  as  follows, 

iinG  teQ  6a  0  fig  0         £[  andloss. 

60-62  8-60  87-17  2-44  1-27=100 
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The  presence  of  carbonic  acid  in  this  mineral  was  long  since 
announced  by  Hitchcock,  who  found  ten  per  cent,  in  one  speci- 
men. If  the  uncombined  silica  bears  any  proportion  to  the  in- 
visible carbonates,  the  excess  of  this  ingredient  is  sufficiently  ex- 
plained. We  believe  therefore  with  M.  Schlieper,  the  mineral  to 
be  essentially  identical  with  the  mangan-augite. 

4.  Lepolite  and  Lindsatite. 

The  Lepolite  of  Hermann*  is  a  feldspathic  mineral  from  Pin- 
land,  identical  in  chemical  formula  with  anorthite,  but  differing 
in  having  its  crystals  oblique  or  inclined  to  the  leftj  (when  the 
edge  T :  T'  is  in  front)  instead  of  to  the  right.  He  gives  for 
T :  T'  120^30^  P :  M  93^,  which  is  the  angle  between  two 
cleavage  planes,  H=6.  G=2-75-2*77.  Vitreous  and  transpa- 
rent; colorless,  grayish,  greenish,  often  brownish  externally. 
Crystals  often  large,  and  sometimes  two  inches  long.  Composition 
ft  3  51+8*1  Si 

Si  Si  Fe  Oa        ftg       iSTa    loss  by  ignitioiL 

1.  From  Lojo,       4280       8512       1*50       14U       2*27       1*50       l-66=99-69 

2.  From  Omjervi,  42-60      3811       400        400      6-87       169       l-50=99-54 

It  fuses  with  difficulty  on  the  edges  before  the  blowpipe,  and 
is  decomposed  by  concentrated  acids. 

Hermann  has  also  published  a  description  of  a  new  feldspar 
which  he  calls  Lindsayitef  in  the  same  memoir  with  the  Lep- 
olite.    The  following  are  its  characters : 

Monoclinic  or  triclinic,  T :  T'=I20o,  P  on  the  axis  65^.  Crys- 
tals often  of  large  size.  H.  =  4.  G.  =  2-83.  Color,  black  ex- 
ternally, internally  gray,  bluish-gray,  dull  reddish.  Subtranslu- 
cent.  In  a  matrass  yields  water.  Before  the  blowpipe  fuses  with 
difficulty  on  the  edges.  With  the  fluxes,  the  reaction  of  iron  and 
silica.     Analysis  afforded, 

Si        il         Pe     *e      ]{[g       t     STa       fi     ^ 
42-22    27-65     6-98     2*00    8-86     8*00    2-68    7-00    r  trace  =lO(yiS 

Oxygen  ratio   2190    12-84     209    044     8-49    0*60    0-64    «-22 

whence  he  deduces  for  the  oxygen  of  the  water,  protoxyds,  per- 
oxyds  and  silica,  the  ratio  1:1:3:4,  and  the  formula;]: 

ft»5i+8Xl§i+3fl, 

which,  excluding  the  water,  represents  the  composition  of  anor- 
thite and  also  Hermann's  lepolite. 

Breithaupt,  in  volume  xlvii,  p.  236,  of  the  Journal  fur  praktische 
Chemie,  stated  that  the  Lindsayite  was  properly  a  pseudomorph, 
after  lepolite.  To  this  view  Hermann  objects  in  volume  xlviii, 
254,  (Nov.  1849,)  mentioning  that  lepolite  contains  10  to  15  per 
cent,  of  lime  and  lindsayite  none. 

♦  Jour.  f.  prakt.  Chem.,  xlvi,  387.  f  J<^^-  f-  prakt  Chem.,  xlvi,  896. 

X  This  is  only  an  approximation ;  for  the  oxygen  of  the  peroxyds  and  ailica  has 
more  nearly  the  ratio  2:8  than  8 :4. 
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The  cotistitution  of  the  mineral,  so  different  from  all  known 
feldspars — its  8  per  cent,  of  magnesia,  7  per  cent,  of  oxyd  of  iron^ 
and  7  per  cent,  of  water — entirely  favor  the  opinion  that  the  crys- 
tals are  actually  pseudomorphs  of  some  feldspar  mineral  as  Brei*^ 
thaupt  suggested.  Changes  through  pseudomorphism  of  the  ex-^ 
tent  this  would  imply,  and  even  far  greater,  are  abundantly  exem* 
plified. 


Akt.  XLII. — On  the  Interpretation  of  MariotUfs  Law;  by 
Lieut.  E.  B.  Hunt,  U.  S.  Corps  of  Engineers. 

It  is  readily  demonstrated  that  in  any  entirely  homogeneous 
medium,  the  component  parts  of  which  act  on  each  other  by 
forces  varying  as  any  function  of  the  distance,  Mariotte's  law 
must  prevail.  Both  elastic  tension  and  cohesive  force  will  neces- 
sarily vary  as  the  density,  in  a  medium  assumed  as  homogeneous, 
quite  irrespective  of  the  law  of  force,  the  variation  being  expressed 
in  terms  of  distance  between  the  component  parts  of  the  me- 
dium. Whether  the  force  be  attractive  or  repulsive,  varying  in- 
versely with  the  first  or  hundredth  power  of  the  distance,  the 
result  is  the  same ;  that  entire  homogeneousness  makes  Mariettas 
law  necessary. 

To  prove  this :  assume  a  perfectly  homogeneous  medium  whose 
parts  exert  forces  varying  as  any  function  of  the  distance.  As- 
sume in  this  an  origin  of  coordinates,  three  coordinate  axes,  X,  Y 
and  Z,  and  three  constant  elementary  distances,  dx,  dy,  dz.  Con- 
ceive each  axis  graduated  by  laying  off  its  element  successively 
from  the  origin  outward.  Through  each  point  of  graduation  on 
either  axis  pass  a  plane  parallel  to  the  other  axes :  do  this  for  each 
axis.  The  space  around  the  origin  is  thus  divided  into  element- 
ary parallelopipeds,  each  of  which  contains  a  like  portion  of  the 
homogeneous  medium. 

The  force  of  elastic  tension  or  of  cohesion  is  measured  by  the 
resultant  action  on  a  unit  of  surface  of  the  plane  X,  Y,  by  all  the 
forces  acting  in  the  positive  direction  of  the  axis  Z,  between  the 
parts  on  opposite  sides  of  the  plane  X,  Y.  This  resultant  is  bal- 
anced by  an  equal  one  acting  in  the  negative  direction  of  the 
axis  Z.  To  make  up  this  resultant,  a  certain  number  of  the  ele- 
mentary portions  of  the  medium  conspire.  It  may  therefore  be 
equated  with  a  series,  each  term  of  which  expresses  the  positive 
component  along  the  axis  Z,  of  the  force  exerted  between  two 
elementary  portions  of  the  medium  on  opposite  sides  of  the 
plane  X,  Y. 

If  now  the  density  of  the  medium  be  varied,  each  term  of  this 
series  will  vary  in  the  same  ratio,  since  the  quantity  of  matter  in 
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each  elementary  volume  varies  as  the  density.  The  density  thus 
governs  each  term  of  the  series,  by  fixing  the  quantity  of  matter 
in  each  elementary  volume.  If  we  call  the  ratio  of  the  varying 
density  to  a  standard  density  iV,  each  term  of  the  series  contains 
iVas  a  simple  factor :  or  the  whole  series  varies  as  N,  Hence  the 
resultant  or  entire  elastic  tension  or  cohesion  varies  as  iV,  or  as  the 
density.  This  result  is  entirely  independent  of  any  particular  law 
of  relation  between  the  forces  and  distances :  and  will  always  be 
true  so  long  as  the  elementary  volumes  can  be  assumed  as  homo- 
geneous. As  dx^  dy,  dz,  can  always  be  taken  indefinitely  less 
than  the  radius  of  sensible  activity  of  any  assumed  force,  the  dem<- 
onstration  can  only  fail  by  the  parts  failing  to  be  homogeneous. 

It  will  be  seen  by  the  above  that  any  inference  of  the  law  of 
repulsive  force  between  ultimate  atoms  or  molecules,  cannot  be 
correctly  drawn  from  Mariotte's  law,  for  this  leaves  the  primary 
forces  involved,  wholly  indeterminate.  We  are  by  no  means  au- 
thorized to  conclude  that  in  elastic  fluids  where  the  pressure  varies 
as  the  density,  the  molecules  repel  each  other  directly  as  the  dis- 
tance. 

The  demonstration  now  given,  has  a  singular  bearing  on  the 
atomic  theory  of  material  constitution.  We  know  experimen- 
tally that  Mariotte's  law  does  not  prevail  uniformly  in  elastic 
media,  while  in  liquids  and  solids  it  has  no  show  of  application. 
Hence  we  are  bound  to  infer  non-homogeneotuness.  Now  how 
ean  homogeneousness  be  interrupted,  except  through  something 
like  an  atomic  constitution  of  media  ?  A  laminated,  filamental,  or 
molecular  structure  alone  can  produce  heterogeneousness.  The 
two  first  would  confer  special  properties  in  certain  directions, 
which  are  not  found  in  fact.  Hence  a  molecular  constitution  of 
matter  seems  entailed  as  an  inference,  from  the  bare  fact  that  Mari- 
otte's law  is  not  universal.  According  to  the  view  now  presented, 
the  elasticity  of  gases  varies  as  the  density,  because  the  quantity 
of  matter  within  the  sphere  of  sensible  activity  varies  in  that  ratio. 
As  they  approach  the  point  of  liquefaction,  other  considerations 
derived  from  the  special  atomic  constitutions  of  the  media  must 
be  introduced.  The  entire  absence  of  a  limit  to  the  division  of 
ports  would  produce  that  homogeneonsness  from  which  Mariotte's 
law  becomes  an  inevitable  inference.  Such  an  inference,  as  ap- 
plied to  media  in  general,  being  contrary  to  the  fact,  a  limit  to 
actual  division  of  parts  must  be  admitted.  Any  other  theory 
than  one  of  ultimate  molecules,  separated  by  spaces,  seem>s  to  im* 
pose  inferences  conflicting'  with  facts,  throwing  us  back  irresisti^ 
oly  into  the  theory  of  true  molecular  Structure, 

Boston,  April,  1860. 
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SCIENTIFIC     INTELLIGENCE. 

I.  Chemistry  and  Physics. 

1.  On  the  Deportment  of  Crystalline  Bodies  between  the  poles  of  a 
Magnet ;  by  John  Tyndall  and  Hermann  Knoblauch;  (Phil.  Mag., 
xxxvi,  178,  March,  1850.) — The  results  obtaiDed  by  Professor  Plucker  of 
Bonn,  in  his  investigations  upon  crystals,  induced  us  early  in  the  month 
of  November  last  to  commence  a  series  of  researches  in  connection 
with  this  subject.  Our  inquiries,  so  far  as  they  at  present  reach,  form 
the  subject  of  this  paper. 

After  a  long  series  of  trials,  not  necessary  to  be  recapitulated  here, 
we  arrived  at  the  persuasion  that  no  safe  inference  could  be  drawn  from 
experiments  made  with  full  crystals.  It  appeared  necessary  to  examine 
the  forces  attributed  to  crystalline  bodies  in  detail,  one  at  a  time,  re* 
moving  as  far  as  possible  all  influences  likely  to  interfere  with  the  sim- 
ple action  of  this  one. 

To  attain  this  object  we  experimented  with  cubes :  we  had  one  cut 
from  tourmaline,  in  such  a  manner  that  the  optical  axis  of  the  crystal 
ran  parallel  to  four  sides  of  the  cube ;  on  suspending  it  between  the 
poles  and  closing  the  circuit,  the  optical  axis  set  itself  strongly  equaio* 
rial ;  thus  corroborating  the  law  of  Pliicker,  which  affirms  that  the  op* 
tical  axes  of  negative  crystals  are  repelled.  When,  however,  the  same 
cube  was  hung  with  the  optical  axis  vertical,  the  influence  of  that  axis 
being  thus  destroyed,  a  preference  was  shown  to  one  of  the  diagonals 
of  the  horizontal  face  of  the  cube,  not  to  be  explained  by  the  law  men- 
tioned :  this  preference  was  more  strikingly  exhibited  in  the  case  of  the 
following  two  crystals. 

A  cube  of  beryl,  cut  similarly  to  the  tourmaline,  being  hung  with  its 
optical  axis  vertical,  one  diagonal  of  its  horizontal  face  set  itself  axial ; 
only  one  diagonal  could  maintain  this  position,  the  other  was  repelled. 
In  dichroite  this  phenomenon  was  strikingly  exhibited  ;  when  hung  with 
the  middle  line  of  the  optical  axes  vertical,  one  diagonal  assumed  the 
axial  position  ;  if,  however,  the  circuit  was  closed  when  the  other  diag- 
onal chanced  to  lie  from  pole  to  pole,  the  latter  seemed  to  experience 
a  repulsive  shock,  sufficient  to  make  the  cube  spin  several  times  round 
upon  its  axis. 

We  do  not  see  any  possibility  of  referring  this  election  of  a  partic- 
ular diagonal  to  the  influence  exerted  by  the  optical  axis,  at  least  in  the 
case  of  beryl. 

To  ascertain  the  exact  nature  of  this  influence,  we  had  recourse  to 
discs,  cut  so  that  the  optical  axis  of  the  crystal  lay  as  a  diameter  in  the 
plane  of  each.  In  this  way  the  influence  of  mere  form  was  totally  an- 
nulled, and  the  pure  action  of  the  optical  axis,  if  such  existed,  might 
be  observed. 

Our  first  discs,  five  in  number,  were  taken  from  a  semi-transparent 
crystal  of  Iceland  spar,  and  lay  at  various  angles  to  the  sides  thereof. 
In  all  these  cases  the  law  of  Plucker  was  strictly  verified,  the  optical 
axis  being  always  repelled. 
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Four  discs  and  one  square  were  next  taken  from  two  transparent 
crystals  of  the  spar,  and  suspended  successively  between  the  poles. 
We  were  by  no  means  prepared  for  the  reply  given  to  these  experi- 
ments ;  in  each  of  ike  five  eeuea  the  optical  axis  set  itself  distinctly 
axial. 

The  balance  sheet  of  our  inquiries  up  to  the  present  time  is  this ;  out 
of  eleven  crystals  of  Iceland  spar  examined  as  above,  five  have  obeyed 
the  law  of  Pliicker,  while  six  have  contradicted  that  law. 

In  determining  whether  the  optical  axis  will  be  repelled  or  not,  it  is 
not  necessary  to  cut  the  crystals  in  the  manner  described.  A  thin 
rhomb  cloven  from  the  crystal  and  ground  into  the  shape  of  a  disc,  will 
decide  the  question.  If  it  belong  to  the  class  whose  optical  axis  is  re- 
pelled, the  line  bisecting  the  acute  angles  of  the  rhomb  will  set  itself 
axial ;  if  to  the  other  class,  the  same  line  will  set  itself  equatorial. 

Discs  thus  prepared  form  undoubtedly  the  purest  means  of  investiga- 
ting this  question.  The  rhomb  itself,  however,  without  being  ground 
into  a  disc,  affords  us  sufficient  intelligence  as  to  the  class  of  the  crys- 
tal to  which  it  belongs.  Is  its  optical  axis  repelled,  then  the  long  diag- 
onal of  the  rhomb  will  incline  to  the  axial  position ;  is  the  optical  axis 
attracted,  the  long  diagonal  will  stand  nearly  equatorial. 

The  same  adherence  of  the  diagonal  to  the  axial  or  equatorial  posi- 
tion continues  aAer  a  thin  bar  containing  the  diagonal  has  been  severed 
from  the  rhomb.  For  example,  a  bar  containing  the  short  diagonal  of 
that  class  whose  optical  axis  is  attracted,  will  stand  nearly  axial.  This 
fact  is  perhaps  worthy  of  notice :  if  Iceland  spar  be  diamagnetic,  as 
Prof.  PliJcker  asserts,  and  if  the  optical  axis  be  repelled,  what  is  it  that 
overcomes  the  united  action  of  both  in  the  case  of  this  diagonal  ?  The 
projection  of  the  optical  axis  lies  in  the  same  direction  as  the  bar ;  both 
therefore  work  together,  and  both  strive,  in  virtue  of  the  two  properties 
mentioned,  to  attain  the  equatorial  position ;  they  do  not  attain  it,  how- 
ever ;  the  bar  stands  almost  axial. 

The  question,  ^^  Is  the  substance  magnetic  or  diamagnetic  ?''  neces- 
sarily lay  at  the  threshold  of  all  attempts  to  explain  these  phenomena. 
To  answer  this  question  by  experimenting  with  the  full  crystal  was  im- 
possible, as  a  diamagnetic  crystal,  it  is  well  known,  can  set  itself  axially. 
This  being  evidently  owing  to  some  hidden  property  of  the  crystalline 
structure,  we  thought  it  might  be  destroyed  by  reducing  the  mass  to 
powder.  Portions  of  crystals  of  each  class  were  finely  pounded  in  an 
agate  mortar;  by  the  addition  of  a  little  distilled  water  the  powder  was 
made  into  a  paste,  from  which  small  bars  were  constructed  and  careful- 
ly dried.  On  being  hung  between  the  excited  poles,  those  whose  op- 
tical axes  were  repelled  stood  equatorial,  the  others  axial. 

Adopting  the  plan  already  followed  by  Faraday,  we  next  brought  the 
two  classes  of  crystals  to  the  test  of  a  single  pole.  At  first,  little  bits 
of  crystal  were  attached  to  the  cocoon  thread  by  means  of  a  soA  sticky 
kind  of  wax ;  the  presence  of  this,  however,  was  found  to  interfere 
with  the  purity  of  the  experiment,  and  it  was  therefore  abandoned ; 
fine  silver  wire  was  next  tried  and  also  found  ineligible  ;  we  next  hung 
a  straw  horizontally,  into  each  end  of  which  a  bit  of  crystal  was  thrust ; 
but  the  straw  was  diamagnetic,  and  permitted  no  safe  conclusion.  Corn- 
moo  white  taper>wax  was  at  length  found  exactly  suited  to  our  purpose ; 
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it  must,  however,  be  handled  with  clean  fingers,  and  even  thus  very 
little  ;  aAer  two  or  three  suspensions  it  invariably  showed  signs  of  mag- 
netism. We  chose  long  thin  bars  of  crystal  and  hung  them  vertically 
thus  bringing  the  wax  so  far  above  the  poles,  that,  on  examination,  it 
showed  not  the  slightest  trace  of  magnetism  or  diamagnetism.  A  for- 
mer remark  explains  why  this  vertical  hanging  is  to  be  preferred  to 
horizontal ;  in  the  latter  case,  a  rotation  towards  the  pole,  easily  mista- 
ken for  an  attraction,  and  difficult  to  distinguish  from  it,  might  occur 
with  a  diamagnetic  body  ;  hung  vertically,  however,  it  could  be  dis- 
tinctly seen  whether  the  mass  of  the  crystal  was  attracted  or  repelled. 
The  results  here  delivered  were  in  harmony  with  those  already  men- 
tioned :  thoso  whose  optical  axes  were  attracted,  were  attracted  ;  those 
whose  optical  axes  were  repelled,  were  repelled. 

Anxious  to  investigate  this  difference  of  action  to  the  bottom,  we 
chose  two  perfectly  pure  and  transparent  crystals  from  each  class,  and 
submitted  them  to  chemical  analysis.  An  experienced  mineralogist 
was  unable  to  delect  the  slightest  visible  difTerence  between  these  crys- 
tals ;  the  analysis,  however,  showed  that  those  whose  optical  axes  were 
attracted  contained  protoxyd  of  iron  in  considerable  quantity,  while 
those  whose  optical  axes  were  repelled  contained  no  trace  of  this  metal. 

Here,  then,  we  have  two  crystals  perfectly  alike  in  optical  respects, 
but  chemically  different ;  the  change  in  the  position  of  the  optical  axis 
between  the  poles  being  doubtless  due  to  this  difference.  This  seema 
to  reduce  that  position  to  a  mere  function,  so  to  speak,  of  the  chemical 
nature  of  the  substance.  Could  a  salt  of  iron  be  introduced  as  an  iso- 
morphic substitute  for  some  other  constituent  in  the  whole  class  of  dia- 
magnetic crystals,  it  is  exceedingly  probable  that  the  position  of  the 
optical  axis  between  the  poles  would  in  most  of  these  cases  be  reversed, 
and  this  without  in  the  slightest  degree  interfering  with  the  optical  prop- 
erties of  the  crystal.  It  is  even  likely  that  Nature,  as  in  the  case  be- 
fore us,  furnishes  many  examples  of  this  isomorphic  substitution.  If 
this  be  true,  then  the  position  of  the  optical  axis  between  the  poles  is  a 
mere  accident,  and  the  introduction  of  it  can  only  serve  to  render  this 
already  difficult  subject  unnecessarily  complex. 

On  bringing  a  circular  disc  of  gutta  percha,  which,  in  its  manufac- 
ture, appeared  to  have  a  fibrous  structure  imparted  to  it,  between  the 
excited  poles,  the  direction  of  these  fibres  set  itself  strongly  axial. 
This  action  was  so  decided,  that  a  parallelogram,  three-quarters  of  an 
inch  long  and  half  as  wide,  with  the  fibres  crossing  it  transversely,  set 
itself  stiffly  equatorial.  This  can  by  no  means  be  referred  to  the  distance 
of  the  parallelogram  from  the  poles,  or  to  any  other  of  those  circum- 
stances by  which  diamagnetic  action  is  said  to  be  exhibited ;  our  volta- 
ic power  varied  from  one  to  twenty  cells  of  Bunsen^s  battery,  but  the 
result  remained  specifically  constant ;  further,  on  being  hung  edgeways, 
the  parallelogram  stood  strongly  magnetic ;  and  when  one  pole  was  re- 
moved, the  whole  mass  was  attracted  by  the  other. 

Whence,  then,  this  apparent  diamagnetism  of  the  gutta  percha  ?  The 
answer  to  this  question  will  perhaps  throw  a  light  upon  the  complicated 
phenomena  exhibited  by  crystals  generally.  The  equatorial  position  of 
the  gutta  percha  is  manifestly  due  to  the  comparative  facility  with 
which  the  magnetic  force  can  aet  in  the  direction  of  the  fibre.    Let  us 
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th«  psmtMoi^iam  Mspeaded,  aod  tiM  cimtiit  cloied ;  e?er^ 
potot  of  its  tulmaiiee  is  now  affected,  but  not  wkb  equal  force  io  all  di- 
ractiooa ;  io  tbe  direction  of  the  fibre  the  action  is  strongest^  and  mav 
be  repreeeated  1^  the  longer  diameter  of  ao  egg,  in  the  centre  of  which 
tbe  point  may  be  imagined.  All  lines  drawn  Crom  the  centre  to  the 
ehell  will  represent  the  amount  of  the  magnetic  force  in  their  various 
direetioDs.  On  this  assumption  the  equatonal  position  is  readily  explain- 
ed ;  and  the  neoessity  of  the  paxaUelogtam,  when  hung  edgeways,  to 
set  itself  axial,  is  also  manifest. 

As  may  be  expected,  when  the  parallelogram  is  made  very  long  in 
comparison  to  its  width,  the  long  diameter  of  our  hypothetical  egg,  is 
overpowered  by  the  united  action  of  a  number  of  short  ones,  and  the 
oblong  stands  axial. 

We  have  succeeded  in  obtaining  analogous  results  with  ivor^,  whicbi 
though  diamagnetic,  can  be  so  cut  that  it  sumds  almcat  axial.  The 
anomaly  is  explained  by  reference  to  the  structure  of  the  tooth,  which 
modifies,  in  certain  directions,  the  dianaagnetic  power*  ^y  attending 
to  theee  circumstaooes,  we  have  been  able,  with  these  two  substances, 
gutta  percha  and  ivory,  tp  imitate  almost  all  the  experiments  which  we 
have  made  with  both  classes  of  crystals. 

If  we  suppose  tbe  shorter  diameter  of  an  ellipse  to  coincide  with  the 
straight  line  formed  by  the  intersection  of  any  two  surfaces  of  cleavage, 
and  the  ellipse  to  rotate  around  this  diameter,  an  oblate  spheroid  will 
be  the  result.  Conceive  lines  drawn  through  the  centre  of  this  figure 
«od  terminated  by  tbe  surface,  to  represent  the  amount  of  magnetic  or 
diamagnetic  force  in  tbe  direction  of  these  lines,  and  we  have  an  hy- 
pothesis of  magnetic  or  diamagnetic  action  within  the  crystal,  sufficient, 
not  only  to  account  for  every  foot  noticed  in  this  paper,  but  for  numer- 
ous others,  the  discussioo  of  which  we  refer  to  a  future  occasion. 

Extending  this  principle  to  the  intersections  of  the  three  surfaces  of 
cleavage,  we  obtain  a  resultant  which  falls  in  tbe  direction  of  the  prin- 
cipal axis  of  tbe  crystal,  or  of  the  optical  axis.  The  position  of  that 
reeultant  between  tbe  poles  will  depend  solely  upon  the  magnetism  or 
diamagoettsm  of  the  crystal,  and  in  nowise  upon  the  Ihct  of  its  being 
negative  or  positive,  as  asserted  by  Professor  Plficker. 

It  is  highly  improbable  thai  our  representative  spheroid  will  be  of  a 
constant  shape  in  all  crystals :  in  the  case  of  gutta  percha  we  assumed 
it  fornoed  by  tbe  rotation  of  a  serai-ellipse  round  its  longer  axis,  or  what 
is  oommonly  called  prolate ;  in  the  case  of  Iceland  spar  it  is  oblate ;  in 
oommon  iron  it  would  be  a  sphere,  as  here  the  magnetic  force  appears  tQ 
act  equally  in  all  d'tfections.  Every  crystal  will  doubtless  modify  it  in 
a  manner  peculiar  to  its  own  substance  and  structure.  Future  experi- 
ments will  perhaps  enable  us,  in  many  cases,  to  determine  the  numer- 
ical values  of  tbe  long  and  short  diameters  of  these  spheroids. 

From  these  considerations  it  would  follow,  that  M.  Plucker,  in  at- 
tempting to  refer  the  facts  observed  by  Mr.  Faraday*  to  the  optical  axis, 
inverts  the  right  course  of  proceeding ;  the  aUraciion  or  repulsion  of 
this  axis  being  a  secondary  result,  depending  first  of  all  upon  the  mag- 

•  FhiL  Ma^^  Jm.,  1840,  p.  t5. 
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netttm  or  diamagnetwin  of  the  futwlaoee,  and  teooadl j  opoii  the  aMUwer 
Id  which  either  Ibrce  vb  modified  by  the  peculiar  atnictare  of  the  cryataL 

The  conducting  power,  so  to  apeak,  of  Iceland  spar  for  both  magneto 
ism  and  diamagnetiam  appears  to  be  in  directioos  perpendicular  to  the 
lines  of  cleavage.  If  these  views  be  correct,  the  optical  axis  can  no 
longer  be  regarded  as  the  prime  agent  in  the  production  of  the  phe- 
nomena which  we  have  been  considering ;  we  aball  do  longer  seek  the 
explanation  of  new  facts  b  the  hypotheses  of  new  Ibices,  biH  raiber 
in  modifications  of  the  old. 

liarbing,  January,  1860. 

2.  Arsenic  in  the  deposit  fr&m  Mineral  Waters ;  by  M .  J.  L.  Las* 
SAioNB,  (Joum.  de  Chem.  Med.,  Sept,  1849 ;  Phil.  Mag.,  I>ec.,  1649.) 
— ^The  large  quantities  of  arsenic  recently  discovered  in  certain  chalyb^ 
eate  waters,  have  made  it  a  matter  of  much  tnlerest  to  determine  the 
state  in  which  the  arsenic  exists,  and  its  effects  upon  the  aninMl 
economy. 

The  deposit  from  the  waters  of  Wattvillier  (Haut  Rhine)  3rielded  4-48 
per  cent,  of  arsenic  acid,  equivalent  to  2*8  per  cent,  metallic  arsenic. 
Forty  grammes  (about  600  grains)  of  this  deposit  were  administered  to 
a  dog  in  two  doses,  the  animal  showed  not  the  slightest  uneasiness,  ate 
as  usual,  and,  in  short,  was  uninjured  by  a  dose  equivalent  to  26*59 
grains  arsenic  acid  or  16-8  grains  metallic  arsenic. 

From  this  and  another  experiment  of  similar  character,  the  author 
infers,  that  the  poisonous  property  of  the  arsenic  is  destroyed  in  these 
deposits  by  the  combination  with  peroxyd  of  iron— confirming  the  value 
of  peroxyd  of  iron  as  an  antidote  to  arsenious  and  arsenic  acids. 

[It  is  worthy  of  remark,  however,  that  the  recent  deposit  from  cha* 
lybeate  water  is  not  without  serious  effect  upon  the  human  system,  as  is 
shown  by  the  following  case  which  was  brought  to  our  notice.  Two 
gentlemen  while  drinking  the  water  of  a  celebrated  chalybeate  apring 
thought  to  add  to  its  strength  by  mixing  with  it  several  teaspoons  full  or 
the  fresh  deposit  In  a  very  short  time  such  alarming  symptoms  mani- 
fested themselves  as  to  require  medical  aid.  These  symptoms  were 
violent  headache,  throbbing  in  the  temples,  dec.,  and  were  evidently 
due  to  an  over  dose  of  iron.  The  parties  soon  recovered,  but  in  the 
more  plethoric  of  the  two  the  efiects  were  sensible  for  several  days. 

The  same  quantity  of  dry  peroxyd  of  iron— such  as  is  erroneously 
called  carbonate  of  iron,  might  have  been  taken  with  impunity.  No 
more  striking  instance  of  tl^  difference  in  effect  between  the  moiat 
freshly  precipitated  oxyd  and  the  dry  could  be  given.] 

G.  C.  SCHAEFFBS. 

3.  Oh  the  reduction  of  Chlorid  of  SUeer;  by  M.  Wittstein,  (Buck 
Itep.,  vol.  ii,  in  Chem.  Gaz.,  Sept,  1849.) — ^The  a*2thor  prefers  the 
reduction  by  charcoal.  Two  parts  of  chlorid  of  silver  are  well  mixed 
with  one  part  moist  charcoal  powder  and  poured  into  a  black  lead  or 
other  erucible  with  a  smooth  surface.  The  crucible  is  loosely  covered 
and  ignited  until  a  quarter  or  half  hour  after  the  muriatic  acid  has  ceased 
to  appear.  The  outside  of  the  crucible  being  cleaned  it  is  to  be  in- 
verted over  a  sheet  of  paper,  and  if  any  of  the  contents  adhere  they 
may  be  removed  with  a  feather.  The  carbonaceous  mass  is  then  grad- 
ually added  to  3  parts  nitric  acid,  sp.  gr.  1*20,  in  a  conveoieot  flask, 
and  the  aolution  is  complated  by  a  gentle  heat. 
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As  it  k  not  easy  to  oxtraot  the  whole  of  the  sibrer,  the  mats  need 
■ot  be  washed  very  long  and  the  restduum  may  again  be  employed  in 
another  process  to  avoid  loss.  The  impurities  derived  from  the  char- 
coal are  trifl'mg  in  amount ;  lampblack  of  course  answers  still  better. 

The  author  considers  that  the  reduction  is  effected  in  reality  by 
hydrogen,  as  only  muriatic  acid  and  no  chlorine  is  given  off 

G.  C.  S. 

4.  On  ike  Cksmkal  Con^^o$Uim  of  the  Fluid  In  the  Ascidia  of  JVe- 
pemhee;  by  Dr.  A.  VoELCfsa,  (Phil.  Mag.,  Sept.,  1849.)— The  duid 
of  this,  and  similar  secretions  as  in  Sarraceaia,  dsc.,  is  commonly  said 
to  be  pure  waten  Dr.  Turner  found  on  evaporating,  a  minute  quantity 
of  crystab  supposed  to  be  binoxalate  of  potash,  while  the  odor  of  boiled 
appl^  given  out  indicated  the  presence  of  organic  matter.  The  authori 
examined  eight  difiereut  samples  from  various  gardens  and  in  most 
oases  from  unopened  pitcher  plants.  In  all  the  cases  litmus  paper  gave 
an  acid  reaction.  The  same  odor  as  that  mentioned  by  Dr.  Tume? 
was  observed  during  evaporation.  The  quantity  of  solid  matter,  as 
might  be  expected,  varied  considerably — from  '27  to  1  per  cent  No 
volatile  acids  were  present  and  no  oxalic  acid. 

The  dry  residue  from  several  samples  united,  contained  about  38  per 
cent,  of  malic  and  a  little  oitric  acid,  50  p.  c  cblorid  of  potassium ;  the 
remainder  consisted  of  soda,  lime  and  magnesia. 

These  experiments  show  this  to  be,  as  botanists  have  already  demons 
strated,  a  true  secretion,  containing  some  of  the  inorganic  materials  of 
the  plant ;  but  it  is  renuirkable  that  not  a  trace  of  sulphuric  acid  could 
be  detected,  and  yet  it  is  hardly  possible  that  sulphates  are  entirely 
warning  in  the  plant  G.  C.  S. 

5.  Chlorine  and  Oxygen  from  Chlorate  of  Potash ;  by  Dr.  Vogbi*, 
(Buch.  Rep.,  vol.  iii,  in  Cbem.  Gaz.) — The  author  states  that  chlorate 
of  potash  repeatedly  crystallized  furnishes  a  pure  gas,  and  ascribes  the 
impurity  to  the  presence  of  sonoe  perchlorate  (hypercblorite  ?). 

[It  is  generally  understood  that  oxygen  from  the  mixture  of  peroxyd 
of  manganese  and  chlorate  of  pota^  is  always  contaminated  with  more 
or  less  chlorine,  in  which  case  the  above  precaution  would  be  of  no  use* 

The  supposed  easy  preparation  of  pure  chlorate  is  at  the  foundatioo 
of  numerous  determinations  of  chemical  equivalents,  and  in  particular 
that  of  chlorine.}  G.  C.  S. 

6.  AcUon  of  Potash  upon  Ci^eine ;  by  A.  Wubtz,  (Comptes  Ben* 
dus,  Jan.,  1850.)-*A  boiling  concentrated  solution  of  potash  dissolves 
caffeine  and  diseni(ages  a  considerable  quantity  of  methylamine. 

This  confirms  the  supposition  made  in  the  last  No.  of  this  Journal,  p* 
282,  that  the  base  formed  by  Boehleder  in  the  decomposition  of  caffeine 
by  chlorme  was  methylamine.  M.  Wuriz  also  notices  that  the  com- 
position of  the  platinum  salt  is  identical  with  that  of  the  corresponding 
platinum  salt  of  methylamine.  G.  C.  S. 

7.  Separation  of  Butyric^  Valerianic  and  Acetic  Acids ;  by  J. 
Limo,  (Liebig^s  Annalen,  Sept.,  1849;  Chem.  Gaz.,  Jan.,  1850.)*^ 
The  simultaneous  occurrence  of  these  acids  renders  an  easy  and  eco<i 
nomical  process  for  their  separation  exceedingly  desirable.  This  desid- 
eratum is  fully  anawered  by  the  plan  proposed  by  Prof.  Liebig.  A  part 
of  the  onxtore  of  ac^  is  saturated  with  potash  and  soda,  ox  the  re* 
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nmindar  added  to  it  tod  distilled.  If  butyric  and  Taleriaoie  aeidi  only 
are  preaeat,  a  portion  of  one  or  the  other  is  at  once  obtained  pare«  if 
the  alkali  added  is  not  sufficient  to  neutralixe  the  whole  of  the  valeri* 
anio  acid,  the  distillate  is  a  mixture)  and  the  residue  is  a  pure  valeria- 
nate. If  (he  alkali  is  more  than  sufficient  to  neutralize  the  falerianic 
acid,  the  residue  is  a  mixture  of  Talerianio  and  bntyrate,  but  the  distUlate 
IS  pure  butyric  acid 

The  mixtures  remaining  may  be  treated  in  the  same  way,  and  a  new 
portion  obtained  pure. 

Acetic  acid,  although  more  volatile  than  the  other  two,  is  not  expelled 
by  them  from  a  partially  saturated  solution,  owing  to  the  ibrmatioB  of 
an  acid  acetate.  Either  valerianic  or  butyric  acid  may  be  distilled  from 
this  salt  without  intermixture  with  acetic  acid.  Where  all  these  actda 
are  present,  the  partially  saturated  mixture  is  to  be  distilled,  and  if  any 
noetic  acid  is  found  in  the  distillate  the  process  is  to  be  repeated.  Aoe- 
^  acid  is  thus  removed  and  the  other  two  may  be  separated  as  above. 

G.  C.  S. 

8.  On  ike  Production  of  Organic  boieifrom  Vegetable  eubetamcee 
containing  Nitrogen ;  by  Dr.  J.  Stsnhousx,  (Liebig^s  Ann.,  May,  1849 ; 
Chem.  Gaz.,  Oct.  and  Nov.,  1849.) — Reasoning  upon  the  foot  that  fossil 
eoal  has  yielded  four  bases  besides  ammonia — the  author  proposed  to 
examine  the  products  of  the  dry  distillation  of  nitrogenous  vegetable 
matter,  and  as  these  substances  coald  not  easily  be  obtained  pure  in 
large  quantity,  he  operated  directly  upon  seeds,  dsc.,  which  are  known 
Co  contain  most  of  the  nitrogen  of  plants.  A  large  quantity  of  commov 
beans  was  distilled  in  an  iron  retort  The  product  resembled  that  from 
animal  matters,  containing  acetone,  acetic  acid,  die.,  with  tarry  matter 
and  a  large  quantity  of  ammonia  and  oily  bases.  These  latter  were, 
with  some  difficulty,  obtained  in  a  state  of  purity,  but  the  result  was  an 
evident  mixture,  the  boiling  point  rising  from  226^  P.  to  498^.  The 
larger  portion  passing  over  between  80S^  and  311^,  a  tolerable  quantity 
of  an  oil  of  constant  boiling  point  was  obtained. 

Notwithstanding  the  diTOrence  in  the  bases  indicated  above-— ibeir 
properties  are  otherwise  quite  similar.  They  are  colorless  and  transpa- 
rent, of  high  refractive  power,  with  pungent  aromatic  taste  and  odor. 
The  more  volatile  are  also  more  soluble  in  water,  but  all  of  them  dissolve 
readily  in  alcohol  and  ether.  The  alkaline  reaction  upon  test  paper  is 
very  strong,  and  a  rod  moistened  with  hydrochloric  acid  held  over  them 
produces  white  fumes.  The  salts  are  generally  crystalline ;  the  double 
platinum,  gold  and  mercury  chlorids  are  readily  obtained ;  not  a  trace 
of  aniline  could  be  detected. 

The  analysis  of  the  oil  boiling  between  302^  and  811^,  gave  the  for^ 
mnia  Cj^  H^  N,  but  this  must  be  considered  only  as  an  approximation. 
The  formula  is  nearest  to  that  of  nicotine ;  but  the  properties  are  rather 
those  of  picoline,  discovered  by  Dr.  Anderson. 

An  examination  of  oils  boiling  at  very  difibrent  temperatures,  gave 
almost  the  same  percentage  of  carbon  and  hydrogen.  May  not  aoroe 
of  these  be  merely  polymeric  modifications  of  the  less  volatile  bases? 

Oil  oake  required  a  higher  heat  for  its  distillation  than  the  bean, 
aad  a  smaller  quantity  of  bases  was  obtained ;  wheat  furnished  a  still 
sOMller  quantity,  bat  the  product  was  noore  volatile.    Ptet  gave  a  iaffer 
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^pnalkf^  bm  die  prodoett  of  the  diatiUation  of  toiid  wood  /bmiahei 
hardly  aoy. 

To  avoid  the  high  heat  necessary  in  distillation,  by  wbieh  the  bases 
are  decomposed,  and  the  quantity  of  ammonia  increased— experimenia 
were  made  by  boiling  the  substaocee  with  alkaline  solutions ;  the  pro- 
duets  were  nearly  the  same  but  more  free  from  imparity.  Fleah  and 
guano  were  also  tried,  and  the  action  of  sulphuric  acid  upon  heanst 
with  like  results. 

The  author  proposes  putrefaction  as  a  still  more  eligible  process  for 
the  alkaloids,  as' the  action  is  less  energetic.  The  fact  that  beans  and 
bones  do  not  yield  the  same  products  by  distillation,  is  adduced  as  ev- 
idence that  the  vegetable  and  animal  substances  having  the  same  com- 
position are  yet  not  identical.  G.  C.  S. 

9.  Preparation  of  Hydrobromic  and  Hpdriodie  Adda ;  by  E.  H. 
MiNB,  (Comptes  Reodus,  April,  1849 ;  Chcm.  Gaz.,  July,  1849).— The 
process  now  proposed  for  these  two  acids  is  free  from  objection,  being 
neither  costly,  difficult  nor  dangerous,  as  are  the  usual  modes. 

In  this  process,  crystallized  hypophosphite  of  lime,  obtained  in  prepar- 
ing phosphuretted  hydrogen  from  phosphuret  of  calcium,  may  be  used, 
but  from  its  being  more  readily  obtained,  sulphite  of  soda  is  to  be  pre* 
ferred.  The  crystallized  sulphite  is  to  be  first  dipped  in  water  and  the 
iodine  or  bromine  added  to  it  in  a  suitable  vessel.  The  reaction  is  aid- 
ed by  heat,  and  the  gases  are  obtained  pure,  if  a  cotton  or  asbestus 
plug  is  placed  in  the  neck  of  the  vessel  to  intercept  vapors  of  bromine 
or  iodine. 

The  sulphite  aids  the  decomposition  of  water  by  the  iodine  or  bro- 
mine, the  latter  taking  the  hydrogen,  the  former  the  oxygen. 

The  proportions  for  the  above  process  are  1  water,  8  iodine  or  bro- 
mine, 6  crystallized  sulphite  of  soda.  G.  C.  S. 

10.  Passage  of  Hydrogen  Gas  through  solid  bodies ;  by  M.  Loutet, 
(Ann.  de  Chim.  et  de  Phys.,  Sept.,  1849.) — M.  Louyet,  finds  that  a  hor- 
izontal current  of  hydrogen  from  a  capillary  jet  under  a  pressure  of  40 
to  45  inches  of  water,  will  pass  through  a  sheet  of  paper,  continuing  as 
a  current  on  the  other  side,  inflaming  or  igniting  spongy  platinum,  as  if 
no  obstacle  existed. 

Grold,  tin  and  silver  leaf,  even  when  double,  exhibit  the  same  prop- 
erty, as  also  a  thin  film  of  gutta  percha  ;  but  the  thinnest  glass  which 
could  be  blown  was  found  impermeable.  G.  C.  S. 

11.  On  the  presence  of  Silver j  Lead  and  Copper  in  Sea-water^  and  in 
Plants  and  Animals;  by  MM.  Malaouti,  Durochbr  and  Sarsbait, 
(Comptes  Rendus,Dec.,  1849;  Phil.  Mag.,  Feb.,  1850.)— MM.  Malaguti 
and  Durocher  having  proved  the  wide  diffusion  of  silver  in  metallic 
minerals,  particularly  in  the  sulphurets,  which  are  converted  by  salt 
water  into  chlorids,  the  present  research  was  undertaken  with  a  view  to 
ascertain  the  extent  of  the  distribution. 

Sea-water  taken  at  a  distance  of  some  leagues  from  St.  Male,  was 
found  to  contain  '000,000,001  of  silver ;  the  ash  of  Fucus  serratus  and 
ceramotdes  contained  *000,001.  Rook  salt  of  Lorraine  was  found  to 
contain  silver,  indicating  its  presence  in  the  ancient  ocean. 

This  wide  distribution  of  the  metal  induced  a  search  for  it  in  the 
aahes  of  terrestrial  plants  and  in  animals,  the  blood  of  them  being  satu- 
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rated  for  the  experiment  In  both  caiet  sthrer  was  fomid.  Its  pitesence^ 
could  not  be  distinctly  proved  in  the  ashes  of  coal. 

Lead  and  copper  could  not  be  detected  in  sea-water)  but  the  ashes  of 
several  species  of  Fuous  contained  -000,018.  G.  C.  S. 

12.  RiUhmum, — ^The  atomic  volume  of  Ruthenium  has  been  found 
by  Clain  to  be  identical,  or  nearly  so,  with  that  of  Rhodium,  or  051*96, 
see  table,  page  320. 

II.   MiNSRAtOGT  AND  GeOLOGT. 

1.  Description  of  the  Vermiadite  of  MUhurp^  Masi. ;  by  Dr.  C.  T.-- 
Jackson,  with  an  analysis  by  Mr.  Richard  Crosslet,  (communicated 
by  Dr.  Jatkson.) — ^This  mineral  was  first  noticed  in  Mil  bury  by  Dr. 
Thomas  H.  Webb  of  Providence,  R.  I.,  and  was  described  by  him  in 
the  American  Journal  of  Science  in  1824,  vol.  vii,  p.  55.  Dr.  Webb 
gave  it  the  name  it  bears,  which  is  very  descriptive  of  its  remarkable 
action  under  the  influence  of  heat.  It  occurs  in  small  scales  resembling 
green  talc  disseminated  throughout  a  mealy  magnesian  mineral  of  an 
ash  grey  color,  and  resembling  a  decomposed  talcose  rock.  The  ver- 
miculite  occurs  in  small  scales,  rarely  more  than  one-sixth  of  an  inch 
in  diameter,  and  having  no  well  defined  lateral  crystalline  edges;  but 
still  they  are  obviously  imperfect  crystals  and  probably  hexagonal 
prisms.  They  split  readily  into  thin  laminae,  like  taJc,  and  are  flexible, 
hut  not  elastic.  Hardness  1' ;  sp.  gr.  according  to  Mr.  R.  Crossley,  2^56, 
the  mineral  having  been  rendered  dry  previous  to  being  weighed.  Color 
dark  olive  green  by  reflected  light,  with  a  pearly  and  greasy  lustre ;  by 
transmitted  light,  color  apple  green.  Translucent,  and  sub-transparent 
in  thin  scales.  Before  the  blowpipe  a  thin  scale  of  the  mineral  sud- 
denly exfoliates  and  swells  into  a  cylinder  or  prism  nearly  one  hundred 
times  its  original  length  !  This  exfoliation  takes  place  at  a  temperature 
between  500^  and  600**  F.,  and  not  at  a  temperature  of  300""  F.,  hence 
it  is  not  wholly  due  to  interposition  of  water  between  the  laminae  of  the 
erystals. 

In  a  glass  tube  closed  at  one  end,  on  heating  until  exfoliation  takes 
plaoe,  a  certain  portion  of  water  is  given  off,  but  on  raising  the  heat  to 
redness  a  still  larger  quantity  b  obtained.  This  water  restores  the 
blue  color  to  litmus  paper,  that  had  been  reddened  by  acids,  and  is 
therefore  slightly  alkaline.  The  expansion  of  vermiculite  by  heat  is 
so  sudden  and  powerful  as  to  burst  a  glass  tube  filled  with  it,  producing 
an  audible  explosion  and  scattering  the  glass  to  a  distance. 

In  the  platina  forceps  a  scale  of  the  vermiculite  melts  readily  into  a 

fellowish  green  glass.     With  carbonate  of  soda  it  fuses  to  an  opaque 
rown  bead.     With  borax  it  dissolves  readily,  giving  a  yellow  glass 
while  hot,  which  becomes  colorless  when  colo. 

With  salt  of  phosphorus,  it  dissolves  giving  a  transparent  glass,  which 
is  yellow  while  hot,  and  colorless  when  cold,  and  becomes  somewhat 
milky  white.  It  is  decomposed  by  chlorohydric  and  sulphuric  acids. 
Mr.  Crossley  used  a  mixture  of  these  two  acids  in  decomponing  the 
mineral  for  separation  of  its  ingredients;  having  previously  ascertained 
that  its  decomposition  by  acids  was  complete. 


Digiti 


zed  by  Google 


Minerahgff  and  CMogy.  4tt 

CImo  aomtos  of  the  mineral  w«re  Mtocted  wkh  great  ewe  by  Mr. 
Crostley,  who  obtained  the  A>l lowing  results — 

Silica,                .  .    35*74  containing  oxygen  =18*56  ratios  =$* 

Alumina,       .  .         16*42                                      7*66                2* 

Proloxyd  of  iron,  .     10*02                                      2*28  \             . 

Magnesia,      .  27*44                                    10*62  f             *' 

Water,      .        .  .     10*30                                     9-15               8- 

99*92 
Which  gives  approzinoately  the  following  formula,* 

23kia+4]4gaa4.9a 

which  is  the  formula  given  by  von  Kobell  for  Pyroselerite. 

Vermiculite  therefore  does  not  approach  PyrophylKte,  which,  accord* 
iag  to  the  analysis  of  Hermann,  gives  the  formula, 

]fl:g3gi2+9Xia2+9a 

Mr.  Crossley  has  devoted  much  time  and  attention  to  this  analysis,  and 
I  am  satisfied  that  it  has  been  correctly  made.  The  only  subject  for 
farther  research  is  the  cause  of  the  very  remarkable  exfoliation  of  this 
mineral  when  exposed  to  heat.  I  ascertained  the  temperature  at  which 
the  exfoliation  mkes  place  by  heating  the  mineral  on  paper  and  on  lead. 
It  fully  exfoliates  below  the  fusing  point  of  sheet  lead,  but  not  on  a 
paper  card,  until  it  takes  fire. 

2.^  On  the  Blowpipe  characters  of  the  Mineral  from  the  Azores  iden* 
tified  toith  PyrrhUe  by  /.  E,  Teschemaeher ;  by  A.  A.  Hayss,  (com- 
municated.)— I  received  enough  of  the  Pyrrhite  from  Mr.  Teschemaeher 
ibr  the  following  trials.  It  proves  to  be  a  (columbate)  niobate  of  zir* 
cooia,  colored  apparently  by  oxyds  of  iron,  uranium  and  manganese. 
The  following  are  its  characters  in  the  blowpipe  flame.  On  the  first 
impulse  of  heat,  the  assay  becomes  darker  colored,  its  fine  red  color 
returning  as  the  mineral  cools;  and  this  character  may  be  observed, 
even  aAer  it  has  been  highly  heated  for  a  long  time.  At  the  melting 
point  of  cast  iron  in  the  reducing  fiame,  it  becomes  permanently  darker 
and  brown ;  on  platinum  wire,  the  assay  dissolves  in  six  bulks  of  fused 
borax  and  afibrds  a  clear  colorless  glass,  which  barely  retains  its  trans* 
parency  on  cooling ;  becoming  instantly  opaline,  or  opaque  by  flaming. 
The  oxydating  flame  causes  opacity  in  a  hot  clear  globule  removed 
from  the  reducing  flame.  Phosphoric  salt  in  the  reducing  flame  afibrds 
a  clear  glass  with  one  sixth  its  bulk,  and  when  reduced,  the  glass  is 
green.  The  oxydating  flame  colors  the  glass  yellow.  With  one-fourth 
its  bulk  the  fused  salt  dissolves  the  assay  slowly,  and  the  glass  remains 
clear.  In  the  reducing  flame  with  twelve  times  its  bulk  of  soda,  the 
assay  dissolves ;  some  clear  portions  are  seen  while  the  globule  is  hot, 
but  on  cooling,  opacity  precedes  the  crystallization  of  the  globule* 
When  by  continued  reduction,  the  soda  is  partly  evaporated,  a  gray 
brown  sJag  remains,  which  cooled  from  the  oxydating  fiame  gives  the 
green  color,  indicating  oxyd  of  manganese. 

*  Consideriiig  &  and  Si  as  repladng  one  another,  the  analysis  g:iTe8  yeiy  exactly 
the  fonauU  4^%^  (S,  Sl)3+9fi.-J.  D.  D. 
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Dooomposed  by  raooh  aoda  and  the  resuhiog  wmm  trentvi)  wtth  nhiie 
aeid,  a  heavy  white  iosoliible  powder  remains,  fioiiiog  water  caueea 
the  heavy  powder  to  take  a  floccuient  forfn,  which  is  retained.  This 
powder  exhibits  with  tests,  all  the  characters  of  (oolumbic)  oiobicacid. 
The  acid  solution  when  mixed  with  carbonate  of  ammonia  remains 
clear ;  heated,  some  iron  oxyd  falls,  while  a  light  yellow  tint  is  retained 
by  the  fluid ;  oxalic  acid  causes  the  separation  of  a  white  earth,  which, 
heated  with  sulphuric  acid  to  destroy  oxalic  acid,  dissolves,  giving  a 
fluid,  forming  with  potash  before  complete  neutralization,  a  white  double 
salt,  which  has  the  characters  of  that  from  zirconia,  but  may  contain  oxyd 
of  cerium  also.  The  oxalate  as  first  formed  does  not  afford,  when  heat- 
ed, the  cinnamon  brown  color,  characteristic  of  deutoxyd  of  cerium. 

The  extremely  small  portion  of  the  mineral  operated  on  forbids  tlie 
expression  of  certainty  respecting  the  bases,  and  although  ioclining  to 
the  opinion  of  the  existence  of  cerium  from  tlie  red  color  of  the  crys- 
tals, I  am  not  in  possession  of  any  facts  proving  this  point 

3.  On  the  Red  Zinc  Ore  of  New  Jersey ;  l^  A.  A.  Haybs,  (com- 
municated to  one  of  the  Editors.  )**-Some  recent  trials  on  the  red  oxyd 
of  zinc,  confirm  my  earlier  statement  that  the  manganese  is  in  a  pro- 
toxyd  state,  mixed  with  the  oxyd  of  zinc.  The  object  was  however  to 
separate  the  peroxyd  of  iron,  so  as  to  show  that  its  power  of  coloring 
confers  on  the  oxyd  of  zinc  the  blood  red  color  seen  in  fine  specimens. 
In  the  trials,  that  variety  of  scaly  peroxyd  of  iron,  which  is  produced 
when  chlorid  of  iron  is  decomposed  by  veipor  of  water,  was  obtained, 
and  this  oxyd,  being  transparerU  and  blood»red,  gives,  by  being  inter- 
leaved with  the  crusts  of  zinc  sublimate,  the  red  color :  the  evidence 
was  conclusive. 

4.  On  the  existing  Mineral  Localities  of  Lewis^  Jefferstm,  and  St. 
Lawrence  counties^  New  York ;  by  Dr.  F.  B.  Hoitgb. — From  the  great 
number  and  variety  of  mineral  species,  which  were  discovered  during 
the  course  of  the  State  Geological  Survey,  in  the  northern  part  of  New 
York,  in  addition  to  those  that  were  known  before,  and  have  been  dis- 
covered since,  the  mineral  localities  of  that  section  have  attained  a  mer- 
ited notoriety,  among  amateur  collectors,  and  scientific  mineralogists. 

Many  of  the  localities  have  become  exhausted,  and  others  have  beea 
discovered,  while  there  are  yet  others  which  have  been  attributed  to 
these  counties  through  mistake.  A  concise  account  of  existing  locali- 
ties seems  to  be  especially  desirable. 

Lewis  Coitntt. — Magnetic  iron  ore,  associated  with  sulphoret  of 
iron,  occurs  in  Greig ;  bog  iron  ore,  in  Watson,  Diana,  and  New  Bre* 
men  ;  specular  iron  ore  in  Diana,  and  iron  sand  on  the  sandy  margins 
of  most  of  the  streams  and  lakes,  throughout  the  primary  regions  in 
the  county.  Calcareous  tufa,  abounds  in  many  of  the  springs  that  issoe 
from  the  limestone  formation ;  particularly  in  Lowville.  IHremolile  oc- 
curs frequently  in  boulders  but  not  in  situ,  in  the  county.  A  mass 
weighing  about  a  ton  occurs  a  mile  southeast  of  the  village  of  Ck>liio8- 
ville,  in  West  Turin. 

Wad  occurs  in  the  southwestern  part  of  the  town  of  Martinsburg, 
in  nodules  disseminated  throuffh  the' soil  of  a  swamp.  The  masses  are 
from  one  to  three  inches  in  diameter ;  pulverulent  externally^  but  ex- 
hibiting a  glossy  fracture  when  broken.    It  soon  crumbles  on  exposure. 
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In  the  town  of  Diana,  the  following  minerals  occur  abundantly.  Tab* 
ular  spar^  with  green  coecoliUy  nuttallite^  variegcUed  serpentine^  ren$* 
eelaerUe^  black  pyroxene^  feldspar^  in  crystals  variously  nnodified,  and 
a  singular  mixture,  apparently  of  graphite,  chlorite,  and  specular  iron 
ore,  which  has  been  strangely  considered  an  ''  ore  of  silver.'^  Asso* 
ciated  with  the  foregoing,  but  in  less  quantities,  are  sphene^  crystals  of 
tulphuret  of  iron^  and  very  rarely  xireon. 

The  vicinity  also  affords  surfaces  spangled  with  minute  crystals  of 
quartZt  upon  a  coarse  variety  of  agaiCy  and  calcedony :  and  a  crystal' 
line  limestone  of  a  crumbling  texture,  and  a  sky-blue  color. 

Opake  crystals  of  quartz^  of  large  size,  are  frequent  near  the  ser* 
pentine  locality.  Most  of  the  localities  in  Diana,  occur  along  the  line 
of  transition  between  the  primary,  and  the  sedimentary  formations,  and 
within  two  miles  of  the  little  village  of  Natural  Bridge.* 

The  following  localities  attributed  to  Lewis  county  are  exhausted,  or 
the  mining  operations  which  produced  them  have  been  discontinued,  so 
that  specimens  can  be  no  longer  procured.  None  of  these  mines  will 
ever  in  any  probability  be  reopened. 

Galena^  occurred  in  the  lead  mines  three-fourths  of  a  mile  N.W.  of 
Martinsburgh  village.  It  exhibited  various  forms,  intermediate  be- 
tween the  cube  and  octahedron.  It  occurred  also  arborescent,  pseudo* 
morphous,  fibrous  and  massive.  With  it  were  associated  carbonate  of 
leady  blendCy  suJphuret  ofiron^  calcareous  spar^  in  the  forms  represented 
in  the  Mineralogical  Report  of  the  Geological  Survey  of  New  York, 
figures  60,  62,  71,  73,  74,  75,  and  76,  in  which  last  form  the  sides  of 
the  prism  were  nearly  obliterated  by  the  approximation  of  the  terminal 
planes; — also  very  rarely  small  cubes  offluor  spar. 

Near  Lowville  village,  there  formerly  occurred  galena^  in  minute 
crystals,  associated  with  sulphuret  of  iron,  calcareous  spar^  often  beau* 
tifully  crystallized,  and  magnificent  specimens  of  green  fluor  spar^ 
crystallized  in  small  cubes  of  nearly  uniform  size,  which  were  never 
modified  by  replacements  upon  their  edges  or  solid  angles. 

Unfortunately  this  mineral  was  usually  so  penetrated  by  sulphuret  of 
iron,  as  to  be  rapidly  destroyed  by  the  efflorescence  of  the  latter.  It 
may  be  possible  to  procure  more  of  this  mineral,  but  the  expense  would 
be  great,  and  success  very  uncertain. 

With  the  exception  of  an  occasional  boulder,  containing  epidote^  co* 
lophonite^  tourmaline^  garnet^  &c.,  the  foregoing  is  a  complete  list  of  the 
minerals  found  in  Lewis  county.  For  a  more  particular  account  of  the 
geological  relations  of  these  minerals,  reference  may  be  made  to  the 
*^  Am.  Jour,  of  Agriculture  and  Science,"  Nos.  xiii  and  xiv,  pp.  267-dl4k 

Jefferson  County. — Agaric  mineral  abounds  in  the  caverns  of 
Watertown,  and  Pamelia. 

Cacoxenite,    Sterling  iron  mine,  Antwerp. 

Calcareous  spar  appears  in  numerous  and  peculiar  forms  of  crystal- 
lization  in  the  town  of  Antwerp,  particularly  in  the  vicinity  of  Oxbow 
village,  and  on  the  shores  of  Vroman  and  other  lakes. 

♦  Near  the  Natural  Bridge,  a  few  years  ago,  was  opened  a  mine  of  copper  pyrite$^ 
which  occurred  thinly  disseminated  through  gneiss.  It  was  uDpromiaing,  and  after 
some  outlay,  operations  were  suspended.  In  one  of  the  excavations  were  found 
tnM»8  of  coal,  much  reeembliDg  anthracite. — S.  W.  J. 
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Saccharine  limestone  forms  immense  ledges  in  Antwerp,  &e. 

Theresa  affords  several  localities  of  calcareous  spar. 

Calcareous  tufa,  Pamelia,  Adams,  ^.,  along  the  range  of  transi- 
tion limestones. 

Carbonate  of  iron  crystallized  at  the  Sterling  iron  mine,  Antwerp. 

Feldspar,     in  Alexandria,  in  great  abundance.     Antwerp,  6ui, 

Fluor  spar,  Theresa,  in  several  localities.  The  celebrated  locality 
at  Muscolongue  lake,  in  this  town,  is  nearly  or  quite  exhausted.  In 
Adams,  associated  with  sulphate  of  barytes.  It  occurs  here  in  delicate 
shades  of  pink  and  green. 

Hornblende,    Theresa.     Alexandria. 

Idocrase^  in  minute  crystals,  on  the  banks  of  Vroman^s  lake,  in 
Antwerp  near  the  village  of  Oxbow.  It  occurs  in  an  impure  lime* 
stone,  with  sphene,  &c. 

Lron^  {bog  ore,)  Wilna,  Antwerp,  &c.  In  the  latter  town,  it  occurs 
in  a  deposit  in  which  an  immense  variety  of  organic  subsunces  are 
mineralized  by  it.     It  is  near  the  village  of  Oxbow. 

Iron^  (specular  ore,)  Theresa,  Antwerp,  and  Philadelphia.  It  fnr- 
nishes  a  vast  amount  of  iron  annually. 

Micay  in  Antwerp,  near  Vroman's  lake  crystallized  in  hexagonal 
prisms,  often  six  inches  in  length. 

Most  ^*  mineralogists*^  refer  to  Henderson,  in  this  county,  as  a  fine 
locality.  AAer  many  inquiries  I  am  forced  to  believe  that  none  occurs 
in  the  town.  This  town  as  well  as  most  of  the  adjoining  ones,  is  un» 
derlaid  by  transition  limestone^  and  no  primary  rock  can  occur  in  it, 
larger  than  common  bowlders. 

rargasite,    Antwerp,  near  Muscolongue  lake. 

Pyroxene^  of  a  light  color,  near  Vroman's  lake,  in  Antwerp,  asso* 
ciated  with  crystals  of  mica,  and  spheue. 

Quartz,  Antwerp  and  Theresa,  associated  with  specular  iron.  Near 
Vroman,  and  other  lakes,  in  the  northern  part  of  the  county. 

Scapolite.  Rarely  in  slender  crystals  in  Antwerp,  on  the  farm  of 
David  Eggleson. 

Serpentine,  Theresa,  Antwerp,  of  various  shade  of  white  and  black. 
(Rensselaerite?) 

The  brecciated  or  porphyritic  variety,  is  a  constant  associate  of 
specular  iron,  in  Antwerp,  Theresa,  6lc. 

Sphene,     In  Antwerp  near  Vroman's  lake. 

Sulphate  of  barytes.     Pillar   Point,   in  Brownville,   near  Sackett^s 
Haibor,  near  North  Adams,  in  a  vein  which  has  been  traced  nearly  a 
mile.     A  porous  coralloid  variety,  occurs  in  Antwerp  near  the  village  of . 
Oxbow.     It  is  filled  with  vermicular  cavities,  and  stained  with  iron. 

Sulphate  of  slrontia,  Theresa,  or  Alexandria,  in  beautiful  crystal- 
line masses ;  of  a  snow-white  color. 

SuJphuret  of  copper  and  iron.  In  Antwerp,  on  banks  of  Vroman'a 
lake. 

Sulphuret  of  iron,  Antwerp,  associated  with  specular  ores  of  iron. 

SuJphuret  of  nickel.  Sterling  mine,  Antwerp,  in  brilliant  capillary 
crystals. 

Tourmaline,    In  large  crystals.    Alexandria. 

Tourmaliney  (yellow.)     Antwerp,  in  limited  quantites. 
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TereniUy  has  been  attributed  to  this  county,  (Antwerp,)  but  its  lo- 
cality is  lost. 

^TremolUe^  occurs  in  minute  quantities,  occasionally  in  cavities  of 
Black  river  and  Trenton  limestone. 

In  addition  to  the  foregoing  the  usual  variety  of  minerals,  occur  scat^ 
tered  in  detached  bowlders,  over  the  country. 

St.  Lawrence  County. — The  uncommon  splendor  and  variety  of 
minerals  brought  to  light  by  the  mania  for  mining  speculations,  which 
prevailed  throughout  the  county  about  ten  or  twelve  years  since,  has 
rendered  St.  Lawrence  county  proverbial  for  its  mineral  localities. 

Most  of  these  enterprises  having  proved  unprofitable,  and  often  ruin* 
ous,  to  those  engaged  in  them,  have  been  abandoned,  and  the  iron  mines 
are  the  only  ones  that  are  now  wrought  No  probability  exists  of  any 
of  them  being  ever  resumed,  and  consequently  many  minerals  formerly 
found  here  can  be  no  longer  procured  at  their  localities.  This  applies 
especially  to  the  lead  mines  of  Rossie,  which  were  discontinued  about 
ten  years  since. 

A  vein  of  spar  was  often  the  only  inducement  to  engaging  in  a  min- 
ing operation,  and  many  elegant  specimens  were  obtained  in  these  en- 
terprises, which  can  no  longer  be  procured.  The  following  minerals 
occur  at  present  in  the  county,  being  all  of  them  more  or  less  accessi- 
ble, and  abundant,  with  the  exceptions  specified. 

Agaric  mineral^  in  a  calcareous  spring,  Governeur. 

Apatite.  Rossie,  Hammond,  dec.  Good  specimens  readil3^{>rocured 
with  little  labor  and  expense.  A  new  locality  was  accidentally  discov- 
ered in  Rossie,  about  two  miles  from  the  village  of  Oxbow,  in  the  fall 
of  1849. 

AlbUe.  Governeur,  Fowler,  &c.,  in  granite. 

Agate,    A  coarse  variety  in  Fowler. 

Arragonite,   Iron  mines,  near  Somerville. 

Automolile  has  been  attributed  to  Rossie.  Its  existence  there  is  very 
doubtful.    Locality  unknown. 

Babingtonite.  Locality  unknown.  Said  to  occur  in  Governeur. 
After  much  search  in  the  spot  where  it  was  said  to  occur,  I  am  inclined 
to  believe  that  if  it  was  ever  found  there,  it  has  become  exhausted. 

Blende.  Morristown,  DeKalb,  Fowler,  Macomb.  Several  of  its  lo- 
calities are  now  inaccessible. 

Calcareous  spar.  Governeur,  Rossie,  Russel,  6ec.  The  large  lim- 
pid crystals  from  Rossie,  are  no  longer  procurable. 

Calcareous  tufa^  frequently  met  with  in  calcareous  springs. 

Calcedony.    Fowler. 

Carbonate  of  iron.  Iron  mines,  Rossie,  magnificent  specimens  occa- 
sionally found;  those  of  ordinary  quality  frequent. 

Chondrodite.  ^^  Governeur  near  Somerville.'*  This  locality  was  a 
boulder^  and  has  been  carried  ofif.  Frequent  in  Rossie,  near  Yellow 
lake,  in  detached  masses. 

Dolomite.    Hammond. 

Feldspar.    Rossie,  Governeur,  Hammond,  &c. 

Feldspar.     Labradorile  occurs  near  Ogdensburgh. 

Fluor  spar.  Morristown,  Governeur,  associated  with  heavy  spar. 

Cralena.    No  longer  procurable  at  the  localities  without  mining. 
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Graphite,    Rossie,  Governeur,  Dekalb,  &c. 

Hematite.    Iron  mines,  Rossie,  Governeur,  6cc. 

Hornblende,     Dekalb,  Rossie,  Governeur,  Potsdam,  Pierrepont,  &c. 

Hyalite,  Quartz,  with  the  appearance  of  hyalite,  is  associated  with 
apatite  and  zircon,  in  Hammond  and  Rossie. 

Idocrase,     Governeur. 

Irony  {bog  ore,)   Hermon,  Brasher,  Fowler,  Governeur,  Canton,  ^ic. 

Irony  (magnetic)     Edwards,  Russel,  Pierrepont 

Irony  {specular,)  Hermon,  Rossie,  Governeur,  Edwards,  Canton, 
Pierrepont  and  Fowler.  Often  beautifully  crystallized  and  associated 
with  interesting  minerals.    It  is  the  most  important  iron  ore  in  the  county. 

Mica,  Governeur,  near  Somerville,  in  serpentine.  Edwards,  Bia* 
comb,  Potsdam,  Rossie,  &c. 

Pargasite,    Rossie,  Hammond,  Russel,  Hermon,  6cc. 

Pearl  spar.     Banks  of  Oswegatchie  in  Rossie. 

Pyroxene.    Governeur,  Rossie,  Hermon,  DeKalb,  &c. 

Quartz,  Usually  associated  with  specular  iron  ore.  Rossie,  Russel, 
Governeur ;  in  Governeur  the  smoky  variety  occurs.  In  Russel  the  do* 
decahedron  with  triangular  faces.     Spongy  quartz  occurs  in  DeKalb. 

Rutiky  attributed  to  Governeur.  No  locality  known  in  that  town, 
or  in  the  county. 

Scapolite,  Governeur,  in  great  abundance,  in  primary  limestone,  as- 
sociated with  quartz,  pargasite,  and /ormerZ^  with  apatite.  The  latter 
mineral  litis  become  exhausted. 

Satin  spar,  Rossie,  Fowler,  Pitcairn.  In  each  of  its  localities  it  is 
associated  with  serpentine. 

Serpentine,  Governeur,  near  the  tremolite  locality.  Edwards, 
Pitcairn,  Rossie,  DeKalb,  Hermon,  Fowler,  Russel,  Canton,  Fine,  Col- 
ton.  In  most  of  the  above  towns,  serpentine  occurs  in  ledges,  and  is 
associated  with  primitive  limestone. 

Rensselaeritey  occurs  in  nearly  all  the  above  mentioned  towns,  it  is  of 
every  shade  of  white,  black,  green,  &c.,  and  occurs  crystallized,  ra- 
diated, fibrous,  laminated,  and  cleavable.  The  hrecdated  variety,  k  a 
constant  associate  of  the  specular  iron  ore,  and  in  some  localities,  as 
at  Kearney  mine,  near  Somerville,  it  is  beautifully  variegated.  Tho 
texture  of  this  variety  is  so  fragile,  as  to  fall  to  pieces  upon  receiving 
a  slight  blow  from  a  hammer.  Varieties  which  have  received  the  name 
of  soapstonCy  and  have  been  wrought  into  various  ornamental  articles, 
occur  in  Fowler,  Edwards  and  Russel.  It  is  oAen  of  a  snowy  white* 
ness,  and  passes  by  insensible  gradations  into  talc,  and  tremolite. 

Sphene,  Rossie,  in  pale  red  and  brown  crystals,  with  apatite,  pai^- 
site  and  crystallized  feldspar.     Governeur,  in  black  crystals,  in  granite. 

Spinelle,  Associated  with  mica,  in  serpentine,  in  the  town  oif  Gov- 
erneur, near  the  village  of  Somerville.  Crystals  of  a  large  size,  (one 
and  two  inches  on  a  side,)  have  been  found  here,  but  they  are  rare. 
Small  brilliant  crystals  are  common.  The  small  crystals  are  very 
perfect,  but  the  larger  ones  are  much  blended  with  the  matrix.  Color 
pink  and  reddish  brown. 

Sulphate  of  barytes,  Governeur,  in  higrhly  crystalline  and  fibrous 
varieties.     Fowler,  Rossie,  DeKalb. 

Sulphate  of  strontia  formerly  found  in  lead  mines,  Rossie.  Local- 
ity inaccessible. 
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Sulplmret  of  iron.  Rossie  and  Ooveroeur,  ia  iron  mines.  Fowler, 
Canton,  &c. 

Sulphuret  of  copper  and  iron.    Canton,  Fowler,  Macomb,  &c. 
Tourmaline.    Rossie,  Governeur,  Hermon,  &c.     Often  of  a  brown 
and  yellow  color. 

TremoliU.  Governeur,  in  splendid  crystalline  and  fibrous  masses, 
associated  with  primary  limestone,  DeKalb.  In  Fowler,  a  purple  varie- 
ty  occurs.     Rossie,  Hermon,  Edwards,  &c. 

Zircon.  Hammond  and  Rossie.  Coarse  opake  specimens  may  be 
obtained  with  facility.  Beautifully  crystallized  and  very  perfect  speci* 
mens  oAen  procured.  It  occurs  in  primary  limestone,  associated  with 
apatite,  feldspar,  loxoclase(?)  hyalite,  graphite,  ^zc.  The  principal 
locality  is  on  the  farm  of  Mr.  Hardy.  It  has  been  improperly  attribu- 
ted to  the  farm  of  Mr.  Robinson. 

5.  Isomorphism  of  Miargyrite  and  AugUe. — Miargyrite  crystallizes 
in  monoclinic  forms,  and  the  angles  as  given  by  Haidinger  are  M:M  = 
86**  4',  P :  M=101°  6'.  Augite  has  M  :  M=:8r»  6',  P :  M=100^  25'. 
The  augite  group  of  isomorphs  with  this  addition  includes,  augite, 
pyroxene,  glauber  salt,  acmite,  hornblende  and  miargyrite.*  Calcula- 
ting the  atomic  volume  of  miargyrite  we  have 

A  =  8762-8  -r  5*284  (sp.  gr.)  =718-9  C  =  718*9  -r  6  =  119*8 

The  result  119*8  divided  by  2J,  gives  47*92,  which  is  very  near  the 
atomic  volume  of  the  augite  series,  if.  antimony  is  taken  as  a  double 
atom,  it  gives  718'9-r-7=102*7,  which  is  a  little  more  than  double  the 
number  for  the  augite  series.  Moreover,  the  whole  number  718*9  is 
not  much  above  the  number  for  Hudsonite.  We  repeat  the  numbers 
here  for  comparison. 

A  B  C 

Pyrozene,      let   var,  (Oa,  ]&[g)  3  §12  687*  127-4  45-6 

2nd  var,(Ca,]ilg,*e)3Sia      6452        129-  461 

8d    var.,  Hedenbergite,  678*4        1847  48*1 

4th  var^i'eaBia  674-7        185*  482 

5th  yar^]i[Ds9i2  6848         186*9  48-9 

6th  var^  Hudaonite,  706*0        141*2  489 

ICaigyrite,     -  -  -  -  718*9  1198  (or  102*7) 

Acmite,  ....  9185         1887  48-84 

Hornblende,  l8t  var.  -  -  971*6        188-8  48-58 

2nd  var^  aluminouB,      •  155-95        47-25 

8d    var.         «  -  1884  4848 

4th  var.  •  1440  48-24 

Borax,  ....  1891-6        1070  4688 

Qlanberfialt,  ...  12905        10754        496  j.  a  a 

6.  Analysis  of  the  Schorlomite  of  Sfiepard ;  by  C.  Rammelsbero, 
(Poggendorfs  Annalen,  Ixxvil,  123,  1849). — Rammelsberg  finds  this 
mineral  from  Arkansas  to  consist  of 

silica.         Titanic  acid.  Lime.       Protoxjd  of  iron.    Bfa^eaia. 

1.  2609  17-36  8112  22-88  1*55=   98*45 

2.  27*86  15-82  82*01  28*75  1*52  =x  100*45 

The  results  give  the  formula 

2it3gi2-f-8S2fi 

Id  the  2nd  analysis  some  titanic  acid  still  remained  with  the  silica. 
*  See  pages  228,  228,  280,  of  this  Tolume. 
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7.  Large  crystals  of  Sphene. — ^The  accompanying  figures  of  spbene 
are  by  Wm.  S.  Vaux  of  Philadelphia,  from  specimens  in  his  cabinet, 
obtained  at  Diana,  near  Natural  Bridge,  Lewis  Co.,  N.  Y.  The  color 
is  dark  brown.  The  form  is  that  of  the  so-called  Lederite,  which 
comes  from  the  same  locality  ;  the  narrow  plane  is  the  plane  n,  and 
the  large  one  below  to  the  right  y. 


8.  On  the  Ozarkite  of  Shepard;  by  J.  D.  Dana.— The  Ozarkite 
(this  Journal  [2],  ii,  p.  251),  after  an  imperfect  examination  was  prc^ 
nounced  by  Prof.  Shepard,  as  probably  a  silicious  hydrate  of  lime  and 

Jttria,  with  possibly  traces  of  thorina.  It  has  since  been  examined  by 
.  D.  Whitney,  who  obtained  the  blowpipe  reactions  of  scolecite.  Sev- 
eral specimens  from  Arkansas  have  been  examined  by  Mr.  G.  J.  Brush 
in  the  Yale  Laboratory,  New  Haven,  and  found  to  consist  largely  of 
phosphate  of  lime.    Tliey  have  often  the  radiated  appearance  of  a  zeolite 
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with  acicular  crystalHzations ;  but  aAer  Mr.  Brushes  discovery  of  phos- 
pbortc  acid,  the  writer  found  by  means  of  a  glass  that  the  acicular  prisms 
were  in  fact  hexagonal  prisms  of  apatite.  Other  large  prisms  were  also 
found  in  some  specimens.  The  acicular  mesotype-like  mineral  is  asso* 
ciated  with  another  of  a  mealy  character  and  in  part  sub-lamellar,  which 
'  may  be  a  zeolite  as  observed  by  Whitney. 

9.  The  Lagoons  of  Tutcanp^  (Bull.  Soc.  Geo!,  de  France,  Dec.,  1848, 
147.) — ^The  Tuscan  Lagoons  are,  properly  speaking,  natural  depres- 
sions of  the  soil  ordinarily  filled  with  water  from  which  hot  vapors  are 
ejected.  They  are  situated  within  a  space  of  ten  or  twelve  miles,  lying 
between  28**  27'  and  28°  40'  of  longitude,  and  between  43°  IC  and 
43**  15'  of  latitude.  The  principal  lagoons  are  those  of  Monte  Cerboli, 
of  Castel  Nuovo  in  the  valley  of  Cecioa,  those  of  Sasso,  of  Monte  Ro-. 
tondo,  of  the  Lago  del  £di6zio,  of  Lustignano  and  of  Serrazzano  in 
the  valley  of  Cornia.  The  ancients  were  acquainted  with  the  Tuscan 
lagoons,  and  the  name  of  Mount  Cerberus  accords  well  with  the  poetical 
and  mythological  ideas  of  the  early  people  of  Italy. 

Even  as  late  as  the  18th  century  the  lagoons  were  regarded  only  as 
a  supernatural  wonder  which  excited  astonishment  rather  than  courted 
investigation.  Under  the  Grand  Duke  Leopold  1st,  the  chemist  Hoefer 
discovered  by  analysis,  that  they  contained  boracic  acid.  This  dis-  . 
covery,  followed  by  farther  explorations,  has  bestowed  upon  the  la* 
goons  an  unrivalled  industrial  importance,  and  has  brought  into  the 
countries  possessing  them  an  activity  contrasting  strikingly  with  the  mis- 
erable state  in  which  they  before  languished.  It  is  a  curious  fact  in  their 
history  that  before  the  discovery  of  this  acid,  the  fetid  odor  developed 
by  the  sulphuretted  hydrogen  gas, — the  certain  death  which  met  the  roan 
who  fell  into  the  scalding  baths, — the  disruptions  of  the  ground  occasion- 
ed by  the  appearance  of  new  SqffUmi^ — and  above  all  the  superstitious 
terror  with  regard  to  them,  had  made  the  people  consider  the  lagoons 
as  a  scourge  from  which  they  sought  deliverance  by  public  prayers ; 
but  DOW  if  by  any  cause  the  Pwnacchi^  the  source  of  common  prosper- 
ity, should  become  extinguished,  they  would  not  fail  to  seek  from  heav- 
en a  restoration  of  this  scourge,  which  in  the  skillful  hands  of  M.  Lar- 
derel,  has  become,  to  quote  M.  Bowring,  a  source  perhaps  of  greater 
riches  than  the  mines  of  Peru,  or  of  Mexico,  and  certainly  more  relia- 
ble. AAer  the  discovery  of  Hoefer,  Paul  Mascagni,  a  noted  chemist, 
bad  the  first  idea  of  procuring  from  the  lagoons  boracic  acid  like  that 
of  China,  and  of  thus  restoring  to  Europe  the  tribute  that  she  had  paid 
to  Asia.  But  the  attempt  was  not  at  first  profitable,  as  the  waters  con- 
tain in  solution  at  the  moment  of  their  escape  from  the  earth,  only  an 
insignificant  quantity  of  boracic  acid.  Another  chemist  having  observ- 
ed that  a  part  of  the  acid  was  thrown  beyond  the  lagoon,  by  the  vio- 
lence of  the  vapors,  and  that  it  was  scattered  on  the  margins  of  the 
craters,  and  moreover  being  confident  that  the  waters  were  capable  of 
dissolving  a  greater  quantity  of  acid,  endeavored  to  find  means  of  sat- 
urating them  by  constructing  upon  the  declivities  of  the  country  arti- 
ficial lakes  fed  by  the  streams  from  the  mountain.  The  vapors  which 
issue  from  these  lakes  keep  their  waters  constantly  at  a  boiling  tempe- 
rature. After  impregnation  for  twenty  or  thirty  hours  by  the  vapors 
of  the  highest  lake,  they  draw  ofif  the  waters  into  the  second  lake  to 
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aobmit  them  to  a  new  impregnation.  From  thence  they  are  drawn 
into  a  third,  and  so  on  till  they  reach  the  receptacle  at  the  lowest  point 
In  their  passage  across  six  or  eight  lakes,  they  are  charged  with  half 
per  cent,  of  boracic  acid.  They  are  then  led  into  the  reservoir  from 
which  they  are  conducted  into  lead  reservoirs  for  evaporation,  to  pro- 
duce concentration ;  and  to  hasten  that  operation,  the  happy  idea  was 
proposed  of  substituting  for  the  combustibles  sometimes  used,  and 
which  were  enormously  expensive,  the  direct  application  of  the  heat  of 
the  Soffioni.  This  improvement  decided  the  success  of  the  enterprise. 
It  is  surprising  that  it  was  introduced  at  so  late  a  day,  since  this  method 
was  not  new  and  had  been  long  practiced  at  the  solfatara  of  Pozzuoli 
^  in  extracting  alum  from  the  earth  that  contains  it.  In  the  lagoons,  the 
hot  vapors  for  carrying  on  the  evaporation  are  taken  at  their  origin  and 
carried  across  by  lead  pipes  or  by  subterranean  conduits  below  the 
'  boilers.  Thus  the  fabrication  is  exceedingly  simple,  the  locality  itself 
furnishing  the  means  of  carrying  it  on.  A  single  discharge  of  the  va- 
pors is  sufficient  to  throw  into  ebullition,  almost  immediately,  20  or  30 
cauldrons  of  a  capacity  of  20  barrels,  which  may  be  estimated  at  84,000 
pounds  of  liquid  impregnated  with  boracic  acid.  Before  allowing  the 
vapors  to  escape,  they  direct  them  under  the  ovens  in  order  to  free  the 
acid  from  its  hygrometric  moisture.  Of  late  the  somewhat  complex 
system  of  boilers  and  coolers  has  been  simplified  by  substituting  rect- 
angular tables  of  lead  of  20  or  30  metres,  divided  at  small  intervals  by 
*  transverse  parallel  divisions,  but  whose  height  is  never  raised  above  that 
V  of  the  edges.  These  tables  have  an  inclination  of  two  to  three  degrees. 
The  water  of  the  last  lagoon  is  introduced  upon  the  upper  side,  in  small 
quantities.  The  hot  vapors  for  evaporating  are  conducted  in  such  a 
manner  that  they  act  upon  the  lower  surface.  The  liquid  aAer  having 
filled  the  first  compartment  is  diffused  very  gradually  into  the  second, 
then  into  the  third,  and  so  successively  to  the  last,  where  it  reaches  such 
a  state  of  concentration  that  it  deposits  the  crystallized  acid  ;  the  work- 
men remove  it  immediately  by  means  of  wooden  scrapers.  This  mode 
of  gradual  concentration  is  very  ingenious,  and  requires  so  few  hands 
that  it  may  almost  be  said  that  the  acid  is  obtained  without  expense. 
From  1818  to  1845  the  quantity  of  acid  manufactured  was  33,349,097 
Tuscan  pounds.  From  1839  to  1845  the  mean  quantity  has  been  two 
millions  and  a  half  of  pounds. 

Thus  in  estimating  the  product  at  7,500  pounds  per  day ;  the  quan- 
tity of  saturated  water  upon  which  they  operate  daily  is  1,500,000  lbs. 
daily,  and  annually  547,500,000  lbs. 

This  labor  brings  to  Tuscany  12  millions  of  pounds  (10  millions  of 
francs),  and  it  is  surprising  that  it  should  have  remained  unproductive 
during  so  many  ages,  and  that  it  should  have  been  reserved  for  the  skill 
of  M.  Larderel,  now  Count  of  Monte  Cerboli,  and  before  1818  a  simple 
wandering  merchant,  entirely  unacquainted  with  scientific  researches,  to 
discover  the  fugitive  vapors  and  render  them  a  source  of  inexhaustible 
wealth. 

The  violence  with  which  the  burning  vapors  escape  gives  rise  to 
muddy  explosions,  when  a  lake  has  been  drained  by  turning  its  waters 
into  another  lake.  The  mud  is  then  thrown  out,  as  solid  matters  are 
ejected  from  volcanos,  and  there  forms  in  the  bottom  of  the  lake  a  crowd 
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of  thooe  little  cones  of  eruption  whose  activity  and  play  recall  exactly 
under  another  form  the  homilos  of  Ma) pays.  Their  temperature  va- 
ries from  12(F  to  145^*  centigrade,  and  the  clouds  which  they  form 
above  the  lagoons  constitute  true  natural  barometers,  whose  greater  or 
less  density  rarely  disappoints  the  predictions  that  they  announce. 

While  in  an  industrial  point  of  view,  the  lagoons  occupy  the  first  rank 
among  the  natural  products  of  Tuscany,  they  place  new  resources  at  the 
disposition  of  science,  permitting  the  investigation  of  various  geological 
phenomena,  even  under  the  direction  of  the  will  of  the  experimenter. 
The  metamorphic  gypsum  which  we  have  seen  produced  at  Pereta  un- 
der the  influence  of  sulphuretted  hydrogen  vapors,  is  formed  at  the 
lagoons  which,  like  those  of  MafUe  Cerboli  and  of  Castel  Nuovo^  are 
made  to  cross  argillaceous  limestone  beds ;  and  with  such  abundance 
that  their  formation  may  be  fully  tested.  Action  also  takes  place 
at  the  same  time  upon  the  walls  of  fractures  and  the  fissures  of  the 
soil  which  open  a  passage  to  the  subterranean  vapors.  Thence  it 
extends  gradually  into  the  interior  of  the  masses,  and  it  ends  by  gyp- 
sifying  whole  circles  whose  radius  is  generally  that  of  the  lagoons 
themselves.  Pure  limestones  are  converted  into  a  lamellar  sulphate  of 
lime,  but  of  a  loose  texture  and  free  of  cellules.  This  structure  is 
probably  due  to  the  expansion  they  undergo  from  the  addition  of  dew* 
materials,  and  perhaps  also  by  the  passage  of  the  gas  at  the  moment  of 
the  crystallization  of  the  salt.  The  calcareous  formations  below  the  ar- 
gillaceous, preserve  after  their  transformation  their  primitive  position, 
and  they  present  an  alternation  of  gypseous  beds,  and  of  argillaceous 
beds  which  the  acid  has  freed  from  the  soluble  bases.  When  this  in- 
fluence is  exerted  in  the  direction  of  the  thickness  of  the  strata,  it  is 
very  common  to  see  towards  the  limits  where  the  metamorphic  influ- 
ence ceases,  a  mass  of  rock  strikingly  calcareous  at  one  of  its  extrem- 
ities, terminating  at  the  other  extremity  in  a  gypsum  which  the  inhabi- 
tants use  for  buildings.  The  resemblance  to  the  gypsum  beds,  occur- 
ring in  the  midst  of  the  secondary  formations,  is  exhibited  even  in  the 
reddish  tint  with  which  oxydation  marks  the  associate  clays  of  the  al- 
berdse.  But  a  peculiarity  which  has  given  me  the  solution  of  a  prob- 
lem which  had  embarrassed  me  thus  far,  deserves  mention  ;  for  we  have 
reproduced  here  certain  phenomena  of  which  the  enormous  deposits  of 
the  Proven9a1  Alps  present  many  examples.  I  had  noticed  at  Roque- 
vaire  and  at  Digne,  irregular  argillaceous  incrustations  in  which  are 
found  entangled  without  order,  angular  fragments  of  sulphate  of  lime  of 
various  sizes.  In  admitting  the  transformation  of  the  Jurassic  limestone 
of  these  countries  posterior  to  its  consolidation  under  the  influence  of 
the  acid  vapors,  it  was  difiicult  to  explain  the  mode  of  formation  of 
these  breccias  and  the  manner  in  which  these  fragments  were  introduced. 
In  all  these  cases,  they  seemed  to  indicate  an  overflow  of  waters,  but 
the  theory  opposes  the  intervention  of  waters  for  the  accomplishment 
of  the  facts  relative  to  the  conversion  of  the  limestone,  or  it  leaves  in 
doubt  the  part  which  they  must  have  acted.  But,  observe  what  is  ap- 
parent at  the  lagoons  of  Monte  Cerboli  and  of  Castel  Nuovo.  At  the 
same  time  that  the  limestone  is  changed  into  gypsum,  by  the  con- 
tact of  sulphurous  agents,  the  fragments  of  alberese  which  waters  had 
brought  down  from  heights  above  to  the  midst  of  the  miry  and  boiling 

Bsooiro  Snns,  Yd.  IX,  No.  27.— May,  1850.  66 

Digitized  by  VaOOQ  IC 


434  Scientific  Intelligence. 

lakes,  are  thus  changed  into  sulphate  of  lime  and  constitute,  with  th« 
clays  in  which  they  sink,  brecciated  a  rgi  I  lo- gypseous  .beds  without  strat- 
ification. That  this  fact  should  be  equally  apparent  in  the  ancient  beds 
under  analogous  circumstances,  is  at  least  what  might  be  inferred  from 
the  examination  of  that  which  passes  in  the  lagoons.  We  should  also 
observe  the  analogous  positions  of  the  boracite  of  Luneburg,  which  is 
found  in  crystals  disseminated  in  gypsum  intercalated  in  the  midst  of  a 
cretaceous  bed,  and  the  boracicacid  and  boratesof  the  Tuscan  lagoons. 

These  different  facts  well  confirmed,  establish  in  my  view  an  intimate 
resemblance  between  the  gypsum  of  the  lagoons  and  the  abnormal 
gypsum  beds  of  secondary  regions. 

If  the  silicification  of  the  Macigno  which  we  have  noticed  in  the 
neighborhood  of  the  solfatara  of  Pereta  should  appear  an  exaggerated 
application  of  the  theory  brought  forward,  the  verification  of  it  may  be 
traced  in  the  lagoons  of  Sasso  where  the  solution  of  the  silex  of  the 
freestone  and  its  redeposition  are  manifest  in  all  places  where  circura- 
stances  allow  of  this  double  transformation.  The  Fumacchi  of  Sasso* 
rise,  to  the  south  of  the  establishments,  from  beneath  a  vast  mantle  of 
fine  grained  freestone,  over  which  passes  the  mountain  road  connect- 
ing  the  valley  of  the  Cornia  with  the  Province  of  Sienna.  At  intervals 
the  road  is  interrupted  by  isolated  boiling  pools  or  shallow  cavities, 
which  exert  a  metamorphic  action  upon  the  region  which  they  trav- 
erse. The  first  evidence  of  alteration  is  apparent  in  the  color  of  the 
rock  which  from  blackish  gray  becomes  white.  It  is  cracked  in  all  di- 
rections. The  vapors  follow  quickly  these  lines  of  separation,  attack 
the  silica  of  the  macigno,  dissolving  it  out,  and  immediately  depositing 
it  under  a  gelatinous  form.  The  gelatinous  mass  becomes  opaque  in 
the  air  and  assumes  the  resin*1ike  appearance  peculiar  to  hydrated  silica. 
In  connection  with  this  we  observe  imbedded  in  a  silicious  cement,  nu- 
clei of  a  white  micaceous  sandstone  unaltered  at  centre,  causing  a 
breccia  appearance.  This  kind  of  breccia  is  finally,  by  the  complete 
solution  of  the  nuclei,  converted  into  a  grayish  rock  entirely  silicious, 
which  resounds  under  the  hammer  like  clink-stone,  and  resembles  ex- 
actly by  its  aspect  and  its  roughness  of  touch,  porcelain  biscuit.  Some- 
times the  solution  is  more  rapid,  and  then  the  rock  is  formed  of  an  ag- 
glutination of  little  grains  analogous  to  those  of  an  ancient  quartz  rock 
and  possessing  its  tenacity  and  hardness.  Examined  with  a  glass,  each 
grain  is  composed  of  an  independent  particle  or  driblet  of  hydrated  silica, 
and  they  seem  to  have  collected  as  viscous  tears,  such  as  would  have  ad- 
hered together  in  hardening.  Breislak  observed  at  the  solfatara  of  Poz- 
zuoli  fragments  of  decomposed  lava  bound  together  by  a  silicious  sub- 
stance almost  vitreous;  but  in  the  lagoon  of  Sasso  the  solution  and  per- 
manent regeneration  of  silica  efiected  at  the  expense  of  the  macigno, 
are  carried  on  upon  a  vast  scale  and  over  a  space  of  great  extent. 

10.  On  the  Great  Diamond  in  the  possession  of  the  Nizam ;  by  Henrt 
PiDDiNGTON,  Curator,  Museum  Economic  Geology. — At  the  November 
meeting  of  the  Asiatic  Society,  Captain  Fitzgerald,  B.A.,  presented  for 
the  inspection  of  the  Society  a  model  in  lead  of  this  remarkable  stone, 
and  gave  a  brief  note  of  its  history,  which  will  be  found  in  my  report 
for  that  month.  He  has  since  favored  me  with  a  more  detailed  one, 
which  if  as  follows; — 
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Note  hy  Captain  Fitzgerald^  Bengal  Artillery^  attached  to  the 
Nizam*t  Service^  on  the  Nizam* $  Diamond — 1*^  December^  1847. — 
*' About  twelve  or  fourteen  years  ago  a  large  diamond  was  found  in  the 
Nizam's  country  under  circumstances  of  rather  a  curious  nature.  The 
model  now  shown  is  the  model  of  a  part  only,  a  piece  having  been 
chipped  off,  which,  aAer  passing  through  many  hands,  was  purchased 
by  a  native  banker  for  70,000  rupees. 

The  larger  piece,  as  represented  by  the  model,  is  in  the  possession 
of  his  highness  the  Nizam,  and  at  the  time  of  discovery  was  exhibited  to 
many  European  gentlemen. 

The  manner  in  which  this  diamond  was  originally  found,  may  be 
considered  interesting.  It  was  first  seen  in  the  hands  of  a  native  child, 
who  wus  playing  with  it,  of  course  ignorant  of  its  value.  On  eight  annas 
being  offered  for  what  the  poor  people  considered  as  a  mere  stone,  their 
suspicion  was  excited,  which  led  ultimately  to  the  discovery  of  the  bright 
stone  being  a  real  diamond. 

Its  form  and  size  is  shown  below.  This  stone,  hitherto  unknown, 
may  now  be  classed  among  the  larger  description  of  diamonds  which 
we  read  of,  but  seldom  see. 


Bom.  Bide  Tiew. 

The  size  of  the  stone  exactly  taken  by  callipers,  from  the  leaden 

model,  is  as  follows : — 

Inchai. 

Length, 2-48 

Greatest  breadth, 1-35 

Average  thickness, 0-92 

I  have  had  now  exact  models  cast  in  glass  from  the  leaden  one  ex* 

hibited  at  the  meeting,  and  I  find  that 

Grains. 
Their  absolute  weight  is,      ....      1164*50 
Their  specific  gravity, 8-70 
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Now  according  to  various  authorities  we  have  for  the  specific  gravity 
of  the  diamond, 

Ure, 8-53 

Brewster,  colorless, 3*52 

orange, 3*55 

Jameson,  twelve  authorities,  mean,  •        •  3*52 

Mean, 3*52 

And  hence  assuming  our  model  to  he  exact,  (and  it  is  very  nearly 
so,)  we  have  hy  a  simple  proportion  not  quite  1108  grains  for  the  ac- 
tual weight  of  the  Nizam^s  diamond. 

This  is  equal  to  277  carats  of  weight  of  the  rough  diamond,  and  as 
the  rough  stones  are  usually  taken  to  give  but  one  half  of  thnir  weight 
when  cut  and  polished,  it  would  allow  138^  carats,  or  a  weight  be- 
tween  the  Pitt  (or  Regent)  diamond  (136f  carats),  and  that  of  the 
Grand  Duke  of  Tuscany  (139  carats),  for  it  in  its  present  condition; 
and  if  we  take  it  that  one-eighth  of  what  it  would  be  when  polished 
was  taken  off  with  the  splinter  sold  to  the  native,  as  related  by  Captain 
Fitzgerald,  we  shall  then  have  155}  carats  for  the  possible  weight  of 
it,  if  it  had  been  cut  and  polished  entire ;  which  would  then  place  it  as 
to  weight  between  the  Tuscan  and  the  great  Russian  diamond  of  195 
carats,  which  last  is  well  known  to  be  an  Indian  stone. 

We  are  not  informed  if  this  stone  is  considered  likely  to  be  one 
of  pure  water,  which  can  only  be  ascertained  by  polishing  it,  though 
we  know  that  the  natives  of  India,  and  particularly  of  the  Deccao,  are 
too  good  judges  of  diamonds  to  mistake  a  topaz  for  one,  and  it  is  stated 
that  70,000  rupees  have  been  paid  for  the  fragment.  It  therefore  cer- 
tainly adds  one  extraordinary  fact  more  to  the  history  of  this  most  won- 
derful of  the  gems." 

1 1.  ilit  account  of  Uie  Strata  and  Organic  Remains  exposed  in  the 
Cuttings  of  the  Railway  from  the  Great  Western  line  near  Corsham^ 
through  Trowbridge  to  Westhury  in  Wiltshire ;  by  Reginald  Neville 
Mantell,  Esq.,  Civil  Engineer,  (Proceedings  of  the  Greological  Society 
of  London,  Feb.  27,  Sir  C.  Lyell,  President,  in  the  Chair.) — ^This  line 
in  the  distance  of  fifteen  miles  passes  through  the  usual  series  of  the 
subdivisions  of  the  oolite  formation  of  that  part  of  England.  Numerous 
displacements  of  the  strata  occur,  and  in  some  parts  thick  t>ed8  of  allu- 
vial drift  are  superimposed  on  the  regular  deposits,  and  contain  water- 
worn  fragments  of  rocks  and  fossils  from  various  formations.  Near 
Westbury  an  extensive  accumulation  of  bones  of  elephants  and  other 
large  herbivorous  mammalia  was  cut  through;  the  quantity  of  these 
remains  being  so  great,  that  they  were  employed  to  form  an  embank- 
ment. The  immense  number  of  fossil  shells  exposed  in  some  of  the 
areas,  laid  bare  by  the  works,  was  surprising;  the  whole  surface  being 
thickly  spread  with  Ammonites  and  other  Cephalopoda,  and  osseleta 
of  Belemnoteulhis  and  Belemnites,  mixed  with  shells  of  Rostellaria, 
Murex,  Terebratula,  Turritella,  d^.,  deep  sea  and  littoral  mollusca  be- 
ing promiscuously  intermingled.  Some  of  the  finest  examples  of 
Belemnites  and  Belemnoteuthis  hitherto  known,  were  found  in  these  de- 
posits, and  have  been  described  by  Dr.  G.  A.  Mantell  [the  author^s 
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father]  io  the  Philosopbical  Transactions.  With  these  remains^  were 
found  teeth  and  bones  of  fishes  and  of  four  or  five  genera  of  reptiles.  In 
the  strata  of  Oxford  clay  lignite  occurs  abundantly,  and  in  some  places 
very  large  trunks  and  branches  of  coniferous  trees,  the  wood  retaining 
its  structure  and  tenacity.  The  whole  deposit  resembled  a  mud*  bank  of 
a  deep  sea  to  which  trees  and  other  terrestrial  plants,  and  littoral  shells, 
had  been  drifted  and  mixed  up  with  the  relics  of  the  mollusca  of  the 
profound  depths  of  the  ocean ;  constituting  an  interesting  example  of 
what  M.  Constant  Prevost  has  aptly  termed  a  fiuvio-oceanic  formation. 
The  paper  was  illustrated  by  drawings  and  sections,  and  a  splendid 
series  of  the  fossils  collected  and  arranged  by  the  author:  a  table  of 
all  the  genera  and  species  by  John  Morris,  Esq.,  was  appended. 

12.  Notice  of  the  Remains  of  the  Dinornis  and  other  BirdSy  and  of 
Fossil  and  Rock  specimens  recently  collected  by  Walter  Mantell^  Esq,^ 
from  the  Middle  Island  of  New  Zealand  ;  by  G.  A.  Mantell,  Esq., 
LL.D.,  F.R.S.,  6ec.,  (Ibid.) — This  memoir  consisted,  Ist,  of  a  descrip- 
tive  account  of  the  country  explored  by  Mr.  Walter  Mantell  as  Govern* 
ment  Commissioner  for  the  settlement  of  native  claims  on  the  east  coast 
of  the  Middle  Island,  extending  from  northwest  of  Bank^s  Peninsula 
to  Otago,  a  distance  of  about  two  hundred  and  sixty  miles.  2dly,  a 
general  notice  of  the  rocks,  minerals  and  fossils ;  and  Sdly,  a  summary 
of  the  facts  brought  to  light  in  the  course  of  the  survey :  forming  the 
most  interesting  sketch  hitherto  made  of  the  geology  of  that  part  of 
the  colony.  The  rock  specimens  consisted  of  between  200  and  300 
examples;  principally  of  plutonic,  metamorphic,  and  igneous  sub- 
stances. The  foundation  rocks  of  the  country  appear  to  be  metamor- 
phic schists,  these  are  traversed  by  dykes  of  basalt,  amygdaloids,  &e. 
Obsidian,  vesicular  lava,  and  volcanic  grits,  in  many  places  fiank  the 
sides  of  the  great  mountain  chains  which  reach  above  the  line  of  per- ' 
petual  snow ;  and  along  the  base  of  the  range  and  over  the  adjacent 
plains  are  thick  deposits  of  conglomerates  and  rich  alluvial  loam. 
Along  the  coast  towards  the  south  unaltered  sedimentary  strata  appear. 
These  belong  to  three  distinct  groups.  The  most  ancient  is  the  Olotara 
limestone  which  abounds  in  Terebratula,  Echini,  shark^s  teeth,  (See.,  like 
certain  European  cretaceous  beds ;  and  the  chief  mass  is  composed 
of  microscopic  foraminiferous  shells  precisely  similar  to  the  white 
chalk  of  England ;  even  the  soft  parts  of  the  bodies  of  these  minute 
animals  are  in  many  instances  preserved.  The  deposit  next  in  age  is 
a  blue  upper  tertiary  clay  full  of  marine  shells  of  species  still  existing 
in  the  South  Pacific  Ocean. 

Lastly,  a  ferruginous  sandy  grit  with  shells  of  recent  marine  species 
superimposed  on  the  blue  clay.  Over  the  whole  are  spread,  uncon- 
formably,  layers  of  gravel  and  loam.  Low  hills  of  marly  sand  occur 
along  the  shores  of  the  North  Island,  apparently  a  modern  drift ;  this 
sand  is  wholly  made  up  of  the  frustrules  of  Diatomacea.  Of  the  fossil 
remains  of  birds  the  present  collection  contains  above  five  hundred 
specimens  referable  to  various  species  of  Dinornis  and  allied  genera  ; 
and  to  species  of  albatross.,  penguin^  water-hen^  nestor^  apteryx ;  with 
portions  of  egg-shells  of  three  diflferent  types.  With  the  above  were 
associated  bones  of  a  species  of  dog,  and  of  two  species  of  seal.  The 
bones  from  the  North  Island,  like  those  previously  collected  by  Mr. 
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W.  Mantel),  and  now  in  the  British  Museum,  were  from  the  titaniferous 
iron-sand  near  the  mouth  of  the  river  Waingongoro.  Those  from 
Waikouaili  in  the  Middle  Island,  were  imbedded  in  a  morass  of  small 
extent,  and  which  is  exposed  only  at  low  water.  This  swamp  is  com- 
posed of  vegetable  fibres,  sand  and  animal  matter ;  it  seems  to  have 
been  originally  a  morass  in  which  the  Fhormium  tenaxy  or  New  Zea- 
land flax,  grew  luxuriantly.  The  bones  are  literally  tanned ;  and  so 
well  preserved  as  to  appear  as  fresh  as  if  recent.  Among  the  speci- 
mens are  crania  and  mandibles,  and  bones  of  the  most  colossal  size. 
The  most  extraordinary  relics  are  the  entire  series  of  bones  (twenty- 
six  in  number)  of  the  feet  and  shanks  of  the  same  individual  Dinomis 
robustus,  found  standing  erect,  the  one  about  a  yard  in  advance  of  the 
other,  as  if  the  bird  had  been  mired,  and  unable  to  extricate  itself  had 
perished  on  the  spot.  They  were  dug  up  and  carefully  numbered 
seriatim,  and  are  now  articulated  like  a  recent  skeleton.  This  is  the 
only  known  instance  of  the  bones  of  the  foot  and  tarsus  in  natural  con- 
nection, and  consequently  the  first  certain  example  of  the  structure  of 
the  feet  of  the  colossal  birds  of  New  Zealand.  There  are  no  clear  in- 
dications of  this  bird  having  had  a  hinder  toe,  as  in  the  smaller  species 
of  Palapteryx  in  which  the  articulation  for  a  posterior  toe  is  strongly 
marked.  The  foot  when  recent  must  have  been  sixteen  inches  long 
and  eighteen  inches  wide ;  the  height  of  the  bird  to  which  they  be- 
longed, was  about  ten  feet.  The  author  in  a  highly  interesting  sum- 
mary, suggests  that  these  bone  deposits,  though  geologically  modem, 
are  of  high  antiquity  in  relation  to  the  human  inhabitants  of  New  Zea- 
land ;  and  considers  it  probable  that  these  stupendous  birds  formerly 
ranged  over  a  vast  continent,  now  submerged,  and  of  which  the  islands 
of  the  Pacific  are  the  culminating  points.  Although  there  seems  little 
'  doubt  that  like  the  Dodo  and  Solitaire  of  the  Mauritius,  and  the  gigantic 
elk  of  Ireland,  the  last  of  the  Moas  was  exterminated  by  human  agency, 
yet  it  is  probable  that  a  change  in  physical  conditions,  had  prepared  for 
their  final  annihilation.  Of  the  organic  law  which  determines  the 
extinction  of  a  race  of  highly  organized  beings,  and  whose  efifects 
through  innumerable  ages  palaeontology  has  in  part  disclosed,  we  are 
as  utteHy  ignorant  as  of  that  which  governs  the  first  appearance  of  the 
minutest  living  organisms  the  powers  of  the  microscope  enable  us  to 
descry :  both  are  veiled  in  inscrutable  mystery ;  the  results  only  are 
within  the  scope  of  our  finite  comprehension. 

III.  Zoology. 

1.  Supplementary  Observations  on  the  Structure  of  the  Belemniteand 
Belemnoteuthis ;  by  Gideon  Algernon  Mantell,  Esq.,  LL.D.,  F.R.S., 
Vice  President  of  the  Geological  Society,  &c. — (Proc.  Royal  Society, 
February  14,  1850.) — In  this  communication  the  author  describes  his 
recent  investigations  on  the  structure  of  the  two  genera  of  fossil  Ceph- 
alopoda, whose  remains  occur  so  abundantly  in  the  Oxford  clay  of  Wilt- 
shire, namely,  the  Belemnite  and  Belemnoteuthis,  as  supplementary  to 
his  memoir  on  the  same  subject,  published  in  the  Phil.  Trans.,  1848. 
In  that  paper  evidence  was  adduced  to  show  the  correctness  of  the 
opinion  of  the  late  Mr.  Channing  Pierce,  as  to  the  generic  distinction  of 
these  two  extinct  forms  of  Cephalopoda. 
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As  however  several  eminent  naturalists  have  expressed  douhts  as  to 
some  of  the  opinions  advanced  by  the  author  in  his  former  memoir,  fig- 
ures and  descriptions  are  given  in  the  present  notice,  of  beautiful  and 
instructive  specimens  lately  discovered  in  Wiltshire,  and  which  he  con- 
ceives establish  his  previous  conclusions.  Dr.  Mantel  1  states  ns  the  re- 
sult of  his  examination  of  several  hundred  examples,  that  our  actual 
knowledge  of  the  organization  of  the  animal  of  the  Belemnite  is  at 
present  limited  to  the  following  parts,  viz. — 

(1.)  An  external  Capsule  or  perioslricum  which  invested  the  osselet 
or  sepiostaire,  and  extending  upwards,  constituted  the  external  sheath 
of  the  receptacle. 

(2.)  The  Osselet^  characterized  by  its  fibrous  radiated  structure,  ter- 

'  minating  distally  in  a  solid  rostrum  or  guard,  having  an  alveolus,  or 

conical  hollow,  to  receive  the  apical  portion  of  the  chambered  phrag- 

mocone ;  and  expanding  proximally,  into  a  thin  cup,  which  became 

confluent  with  the  capsule,  and  formed  the  receptacle  for  the  viscera. 

(3.)  The  PhragmoconCy  or  chambered,  siphunculated,  internal  shell ; 
the  apex  of  which  occupied  the  alveolus  of  the  guard,  and  the  upper 
part  constituted  a  capacious  chamber,  from  the  basilar  margin  of  which 
proceeded  two  long,  flat,  testaceous  processes.  These  structures  com- 
prise all  that  are  at  present  known  of  the  animal  to  which  the  fossil 
commonly  called  "  The  Belemnile^^  belonged. 

Of  the  Belemnoteulhis  (the  fossil  cephalopod  which  Prof.  Owen  re- 
gards as  identical  with  the  Belemnite)  many  examples  of  the  body  with 
eight  uncinated  arms,  and  a  pair  of  long  tentacula,  having  an  ink-bag 
and  pallial  flns,  have  been  discovered.  The  osselet  of  this  animal,  like 
that  of  the  Belemnite,  has  afihro-radiated  struchtre^  investing  a  coni- 
cal chambered  shell ;  this  organ,  for  reasons  fully  detailed  in  the  me- 
moir, the  author  affirms  could  never  have  been  contained  within  the  al- 
veolus of  a  Belemnite ;  the  sod  parts  of  the  animal  of  the  Belemnite  are 
therefore  wholly  unknown. 

Many  beautiful  specimens  of  Belemnites  and  Belemnoteulhis  were 
exhibited  by  Dr.  Mantell  to  the  Society,  in  proof  of  the  statements  con- 
tained in  the  memoir. 

2.  On  the  Pelorosaurus ;  an  undescribed  gigantic  terrestrial  reptile^ 
whose  remains  are  associated  with  those  of  the  Iguanodon  and  other 
SaurianSy  in  the  Strata  of  Tilgate  Forest;  by  Gideon  Algernon 
Mantell,  Esq.,  LL.D.,  F.R.S.,  Vice  President  of  the  Geological  So- 
ciety, 6^.  (lb.) — The  author  had  for  a  long  while  entertained  the  idea, 
that  among  the  remains  of  colossal  reptiles  obtained  from  the  Wealdeo 
strata,  there  were  indications  of  several  genera  of  terrestrial  saurians,  be- 
sides those  established  by  himself  and  other  geologists.  The  recent  dis- 
covery of  an  enormous  arm-bone,  or  humerus,  of  an  undescribed  reptile 
of  the  crocodilian  type,  in  a  quarry  of  Tilgate  Forest  in  Sussex,  where 
Dr.  Mantell  had  many  years  since  collected  numerous  teeth  and  bones 
of  the  Iguanodon^  Hylaeosaurus,  &c.,  and  some  remarkable  vertebrse 
not  referable  to  known  genera,  induced  him  to  embody  in  the  present 
communication  the  facts  which  his  late  researches  have  brought  to  light. 

The  humerus  above  mentioned  was  found  imbedded  in  sandstone, 
by  Mr.  Peter  Fuller  of  Lewes,  at  about  twenty  feet  below  the  surface ; 
it  present!  the  usual  mineralized  condition  of  the  fossil  bones  from  the 
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arenaceous  strata  of  the  Wealden.  It  is  four  and  a  half  feet  in 
length,  and  the  circumference  of  its  distal  extremity  is  thirty-two  inches  I 
It  has  a  medullary  cavity  three  inches  in  diameter,  which  at  once  sepa- 
rates it  from  the  Cetiosaurus  and  other  supposed  marine  saurians,  while 
its  form  and  proportions  distinguish  it  from  the  humerus  of  the  Igua* 
nodon,  Hylseosaurus,  Megalosaurus.  It  approaches  most  nearly  to  the 
Crocodilians,  hut  possesses  characters  distinct  from  any  known  fossil 
genus.  Its  internal  structure  is  beautifully  preserved,  the  Haversian 
canals  and  hone-cells  being  as  distinct  as  in  recent  bones.  Its  size  is 
stupendous,  far  exceeding  that  of  the  corresponding  bone  even  of  the 
gigantic  Iguanodon;  the  name  of  Pelorosaurus  (from  jreZwp,  mon- 
ster) is  therefore  proposed  for  the  genus,  with  the  specific  term  Cony* 
heari^  in  honor  of  the  palseontological  labors  of  the  present  Dean  of 
Llandaff,  the  Rev.  W.  D.  Conybeare. 

No  bones  have  been  found  in  such  contiguity  with  this  humerus,  as 
to  render  it  certain  that  they  belonged  to  the  same  gigantic  reptile ;  but 
several  very  large  caudal  verterbrse  of  peculiar  characters,  collected 
from  the  same  quarry,  are  probably  referable  to  the  Pelorosaurus ;  these, 
together  with  some  distal  caudals  of  the  same  type,  are  figured  and 
described  by  the  author. 

Certain  femora  and  other  bones  from  the  oolite  of  Oxfordshire,  in 
the  collection  of  the  Dean  of  Westminster  at  Oxford,  are  mentioned  as 
possessing  characters  more  allied  to  those  of  the  Pelorosaurus,  or  to 
some  unknown  terrestrial  saurian,  than  to  the  Cetiosaurus,  with  which 
they  have  been  confounded. 

As  to  the  magnitude  of  the  animal  to  which  the  humerus  belonged, 
Dr.  Mantell,  while  disclaiming  the  idea  of  arriving  at  any  certain  con- 
clusions from  a  single  bone,  stated  that  in  a  Gavial  eighteen  feet  long, 
the  humerus  is  one  foot  in  length ;  t.  e.  one-eighteenth  part  of  the 
length  of  the  animal,  from  the  end  of  the  muzzle  to  the  tip  of  the  tail. 
According  to  these  admeasurements  the  Pelorosaurus  would  be  eighty- 
one  feet  long,  and  its  body  twenty  feet  in  circumference.  Even  if  we 
assumed  the  length  and  probable  number  of  the  vertebrsB  as  the  scale, 
although  we  should  have  a  reptile  of  relatively  abbreviated  proportions, 
yet  in  this  case,  the  original  creature  would  surpass  in  magnitude  the 
most  collossal  of  reptilian  forms. 

In  conclusion.  Dr.  Mantell  comments  on  the  probable  physical  condi- 
tions of  the  countries  inhabited  by  the  terrestrial  reptiles  of  the  secon- 
dary ages  of  geology.  The  highly  organized  land  saurians  appear  to 
have  occupied  the  same  position  in  those  ancient  faunas,  as  the  large 
mammalia  in  those  of  modern  times.  The  trees  and  plants  whose  re- 
mains are  associated  with  the  fossil  bones,  manifest,  by  their  close  affin- 
ity to  living  types,  that  the  islands  or  continents  on  which  they  grew, 
possessed  as  pure  an  atmosphere,  as  high  a  temperature,  and  as  un- 
clouded skies,  as  those  of  our  tropical  climes.  There  are  therefore  no 
legitimate  grounds  for  the  hypothesis  in  which  some  physiologists  have 
indulged,  that  during  the  *'  Age  of  Reptiles'*'*  the  earth  was  in  the  state 
of  a  half«finished  planet,  and  its  atmosphere  too  heavy,  from  an  excess 
of  carbon,  for  the  respiration  of  warm-blooded  animals.  Such  an  opin- 
ion can  only  have  originated  from  a  partial  view  of  all  the  phenomena 
which  these  problems  embrace ;  for  there  is  as  great  a  discrepancy  be- 
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twees  the  existing  fftiuHur  of  dtfierettt  Teadmgit  m  id  the  eXtoet  groupi 
of  animals  and  piaots  which  geological  researches  have  revealed.  The 
memoir  was  illustrated  hj  numeroos  drawings,  and  the  gigantic  hume- 
rus of  the  Pelorosaurus  and  other  bones  were  placed  before  the  Society. 

3.  On  Entophyiu ;  by  Dr.  Lbid7,  (Proc.  Acad.  Nat.  Sci.,  Philad., 
Feb.)  1850,  v,  p.  8.)— Dr  Leidy  presented  to  the  examination  of  the 
Society  a  colored  and  several  other  drawings  of  what  he  termed  an  en- 
tophytic  forest,  taken  from  a  portion  of  the  mucous  membrane  of  th% 
ventriculus  of  Passalus  cornutus.  He  remarked  that  at  least  six  spe« 
cies  of  entophyta  were  found  growing  upon  the  mucous  membrane  of 
the  ventriculus  of  P.  cornutus,  which  were  oAen  present  in  great  quaD<* 
tity,  frequently  some  thousands,  and  which  from  their  number,  poly* 
morpbous  appearance  of  several  species,  and  attachment  to  various  ap« 
pendages  of  the  mucous  membrane,  resembled  very  strikingly  a  mini* 
ature  Brazilian  forest,  which  was  heightened  in  some  degree  by  the  ex« 
istenee  of  a  oematoid  worm,  which  recalled  to  mind  the  idea  of  one  of 
the  serpents  of  such  a  forest. 

A  somewhat  similar  drawing  he  exhibited,  taken  from  the  small  in* 
testine  of  Julus  marginatus. 

Other  drawings  were  also  presented.  Dr.  L.  stated  that  among  his 
collection  of  Julides,  he  had  a  number  of  times  observed  individuals 
to  become  dull  in  color,  and  almost  motionless,  which  phenomena 
were  followed  by  the  death  of  the  animal.  It  occurred  to  him  that,  in 
such  a  state,  there  might  be  exhibited  some  change  in  the  character  of  * 
its  entophyta,  as  usually  found  in  the  active  condition  of  the  animal. 
Upon  removing  the  intestine  of  an  individual  which  had  just  died,  he 
noticed  that  the  entozoa  which  usually  occupied  the  small  intestine,  had 
passed  into  the  rectum,  and  upon  the  surface  of  the  mucous  membrane 
of  the  former,  was  developed  a  new  plant.  This  is  an  oblate  sphe- 
roidal body,  white  in  color,  translucent,  embossed  upon  the  surface,  and 
presenting,  when  viewed  by  transmitted  light,  some  resemblance  to  a 
minute  bleached  shell  of  an  Echinus ;  by  reflected  light,  it  resembled 
a  minute,  white  Lycoperdon.  This  plant  was  strewed  all  over  the  mu* 
cous  membrane,  but  grew  in  greatest  quantity  along  the  course  of  file* 
ments  of  Enterobrus,  which  appeared  attached  to  the  mucous  mem- 
brane throughout  their  length  by  it.  When  compressed  it  opened,  and 
spread  into  several  leaf-like  segments,  and  exuded  a  clear  fluid  with 
faint  granules.  He  thought  that  probably  this  plant  might  be  another 
stage  in  the  existence  of  Enterobrus,  for  in  the  large  number  of  indi- 
viduals of  Julus  which  he  had  examined,  upward  of  130,  although  he 
bad  observed  the  development  of  Enterobrus  from  spore-like  bodies, 
even  to  the  formation  of  what  he  supposed  to  be  the  sporansia,  yet  he 
had  never  been  able  to  detect  the  formation  of  spores,  and  when  he 
saw  this  new  plant  enveloping  the  Enterobrus  fllaments,  he  suspected 
that  there  might  be  a  phenomenon  here  presented  analogous  to  the  al- 
ternation of  generation  In  certain  animals,  but  had  not  yet  satifled  him- 
self  that  such  was  the  case. 

He  also  stated  that  he  had  discovered  a  fourth  species  of  Enterobrus 
in  Polydesmus  virginiensis,  and  another  entophyte  analogous  to  Entero- 
brus growing  in  Polydesmus  granulatus.  The  latter  diflers  from  Ente- 
robrus in  having  numerous  globular  cells  at  the  free  extremity  of  the 
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principal  eell.  H^  adrertod  to  the  sererel  tbeorias  of  cell  formatioB, 
«od  said  that  io  the  last  mentiotied  plant,  in  tho  development  of  the 
globular  terminal  cells,  the  division  of  the  permanent  cell  wall  followed 
Uie  division  of  the  ceil  contents.  In  conclusion,  he  observed,  that  these 
matters  would  be  more  fully  treated  of  bereaAer,  in  a  memoir  which 
be  was  preparing  on  the  subject 

4.  On  Infusoria  an  the  Teeth  ;  by  Dr.  H.  I.  Bowditch,  (Proc.  Atner« 
Acad,  of  Arts  and  Sciences,  Boston,  Dec.,  1849,  p.  1^.) — Dr.  H.  L 
Bowditch  gave  the  result  of  the  microscopic  examination  of  the  accu« 
mulations  on  the  teeth  of  healthy  persons,  near  the  gums,  in  forty-nine 
individuals,  most  of  whom  were  very  particular  io  their  care  of  the 
teeth.  Animalcules  and  vegetable  products  were  found  in  every  in« 
stance  except  two.  In  those  cases  the  brush  was  used  three  times  a 
day,  and  a  thread  was  passed  between  the  teeth  daily.  Windsor  soap 
was  also  used  by  one  of  these  two  persons,  with  the  brush.  Dr.  Bow- 
ditch had  tried  the  effects  of  various  substances  in  destroying  the  aoi* 
malcules,  and  especially  of  tobacco,  by  which  they  seemed  to  be  in  no 
wise  incommoded.  Soap-suds  and  the  chlorine  tooth-wash  invariably 
destroy  them. 

IV.  Astronomy. 

1.  New  Comet. — (Jour,  of  Com.) — Rev.  Mr.  Jenkins,  of  Georgetown 
College,  writes  that  on  his  way  to  Rio  Janeiro,  Nov.  28,  1849,  he  saw 
distincfly  a  comet  to  westward,  nearly  iu  the  track  of  the  sun,  and 
about  14  decrees  above  the  horizon  (hour  not  mentioned) ;  the  nucleus 
being  very  distinct,  and  about  as  large  in  appearance  as  Mars,  the  tail 
curved  and  pointing  southward,  quite  bright  and  nearly  a  degree  in 
length,  as  seen  by  the  naked  eye. 

2.  Expected  return  of  the  great  Comet  of  1556. — This  comet  is  gen- 
erally supposed  to  be  identical  with  that  of  1264,  and  if  so,  its  period 
must  be  about  292  years.  Leaving  out  of  view  any  consideration  of 
the  effect  of  planetary  action,  the  return  of  this  comet  might  have  been 
expected  at  any  time  since  February,  1848.  Although  watch  has  been 
constantly  kept  since  that  period,  the  comet  has  not  been  detected.  But 
its  return  is  not  yet  to  be  despaired  of.  Mr.  J.  R.  Hind,  of  London,  stales 
in  a  letter  to  the  Editor  of  the  London  Times^  dated  March  7,  1850, 
that  Mr.  J.  T.  Barber  of  Etwell,  has  computed  the  effect  of  the  pertur- 
bations due  chiefly  to  Jupiter^s  attraction  during  the  last  revolution. 
Mr.  B.  finds  that  ^^  between  the  years  1556  and  1592,  the  united  attrac- 
tion of  Jupiter  and  Saturn  would  diminish  the  period  263  days,  but  that 
between  1592  and  1806,  it  would  be  increased  by  the  action  of  Jupiter 
alone  no  less  than  751  days,  so  that  a  retardation  of  488  days  must  take 
place.  How  much  longer  Saturn,  Uranus  and  Neptune  may  detain  it 
beyond  this  time,  we  do  not  at  present  know.'*  Mr.  Hind  considers  it 
important  that  search  for  the  comet  should  be  continued  until  the  close 
of  1851,  and  that  on  the  supposition  that  it  is  within  four  or  five  months 
of  its  return  to  perihelion,  the  region  of  the  heavens  about  the  constel- 
lation Hydra  should  at  this  time  be  particularly  examined. 
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V.   MiSCSLLANBOirS  iNTELUeENGB. 

I.  On  tie  Gradual  Produciion  of  Luminous  Impremons  on  the  Eyty 
wuL  other  phenomena  of  Vision ;  by  William  Swan,  P.R.S.E.  (Proo, 
Roy.  Soc.  Bdinb.,  1849,  ii,  230.) — ^The  object  of  ihis  communtcatioa 
was  lo  ascertain  the  relation  between  the  apparent  brightness  of  a  light, 
and  the  time  during  which  it  acts  on  the  eye.  In  order  to  examine  the 
intensity  of  luminous  impressions  of  short  duration,  the  author  made  use 
of  discs,  having  sectors  of  known  angles  cut  out  of  their  circumferences, 
which  were  made  to  fevolve  at  known  velocities  between  the  eye  and 
a  luminous  object  In  this  manner,  the  object  is  seen  at  each  revolu>- 
tion  of  the  disc  for  a  short  interval  of  time,  of  which  the  duration  is  ea- 
sily ascertained.  An  instrument  termed  a  Selaometer  (from  oBla^^ 
brightness)^  to  indicate  its  use  as  a  measure  of  the  intensity  of  lumin- 
ous impressions,  was  devised  for  the  purpose  of  comparing  the  bright* 
ness  of  the  flashes  caused  by  the  revolution  of  the  disc,  with  a  light  of 
known  intensity.  This  instrument  consists  of  two  screens,  placed  so  as 
to  face  each  other,  having  each  a  circular  aperture  of  the  same  diama* 
ter,  to  which  is  fitted  a  piece  of  obscured  glass.  A  disc,  having  a  see* 
tor  of  a  known  angle,  revolves  in  fornt  of  one  of  these  scree&s,  so  that 
the  aperture  in  it  is  visible  at  each  revolution  of  the  disc  throughout  the 
sector.  The  apertures  are  illuminated  by  gas  flames  behind  them, 
which  admit  uf  having  their  distances  from  the  screens  varied,  so  as  to 
increase  or^diminish  the  illumination  of  the  apertures.  A  rectangular 
prism  of  glass  is  placed  half  way  between  the  apertures,  with  its  faces 
inclined  at  angles  of  45^  to  the  line  joining  their  centres;  so  that  ihey 
are  seen  in  apparent  contact  by  reflection  from  the  faces  of  the  prism, 
and  their  relative  brightness  can  thus  be  compared  with  great  nicety. 
The  light  behind  the  revolving  disc  is  kept  at  a  constant  distance  from 
the  screen  during  an  experiment;  and,  before  causing  the  disc  to  re« 
▼olve,  the  apertureaare  made  equally  bright  by  varying  the  distance  of 
the  other  light  from  its  screen.  When  the  disc  is  put  in  motion,  tlie 
apparent  brightness  of  the  aperture  behind  it  is  instantly  diminished ; 
and  the  equality  of  the  apparent  brightness  of  the  apertures  in  the 
screens  is  restored,  by  increasing  the  distance  of  the  light  from  the 
atber  screen.  The  ratio  of  the  brightness  of  the  impression  produced 
by  the  light  during  the  revolution  of  the  disc,  to  the  brightness  of  its  « 
impression,  when  seen  by  uninterrupted  vision,  is  that  of  the  squares  of 
the  distances  of  the  other  light  from  the  aperture  in  its  screen. 

The  following  are  the  principal  results  obtained  by  means  of  this 
apparatus : — 

(1.)  When  the  eye  receives,  from  a  light  of  common  intensity,  a 
succession  of  flashes  of  equal  duration,  which  succeed  each  other  so 
rapidly  as  to  produce  a  uniform  impression,  this  impression  will  also 
have  a  constant  intensity,  provided  the  number  of  flashes  in  a  gives 
time  varies  inversely  with  the  duration  of  each  flash. 

(2.)  The  brightness  of  the  impression  produced  by  flashes  of  light  of 
a  given  intensity,  which  succeed  each  other  so  rapidly  as  to  produce  a 
uniform  impression  on  the  eye,  is  proportional  to  the  number  of  flasbea 
in  a  given  time. 
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(3.)  Whea  light  of  a  given  intensity  acts  on  the  eye  for  a  short  space 
of  time,  the  brightness  of  the  luminous  impression  on  the  retina  is  ex* 
actly  proportional  to  the  time  during  which  the  light  continues  to  act. 
This  law  has  been  proved  to  be  true  for  impressions  lasting  from  ^lij^ 
to  T^  of  a  second.  The  intensity  of  the  impression  produced  by  light 
which  acts  on  the  eye  for  y^  of  a  second,  is  almost  exactly  ^  of  the 
brightness  of  the  light  when  seen  by  uninterrupted  vision ;  and  it  is 
also  ascertained  that  light  requires  about  the  tenth  part  of  a  second  to 
produce  its  full  effect  on  the  eye. 

(4.)  It  is  found  that  lights  of  different  intensity  act  on  the  eye  with 
equal  rapidity,  so  that  even  the  light  of  the  sun  produces  an  impression 
with  no  greater  rapidity  than  that  of  a  common  gas  fiame. 

(5.)  Rays  of  different  refrangibility  act  on  the  eye  with  equal  rapidity. 

(6.)  dince  Professor  Wheatstone^s  experiments  have  proved  that  the 
light  of  the  electric  spark  of  high  tension  continues  for  less  than  the 
millionth  part  of  a  second,  and  it  has  been  shewn  that  the  brightness  of 
the  impression,  produced  by  light  on  the  eye,  increases  in  the  arithmet- 
ical proportion  of  the  time  during  which  it  continues  to  act  on  the  reti- 
na, it  follows  that  the  apparent  brightness  of  the^ectric  spark  ie  only 
iDo\>DiF  o^  what  it  would  become  if  the  duration  of  the  spark  could  be 
prolonged  to  -^ih  of  a  second.  From  the  great  apparent  brilliancy  of 
the  nearly  instantaneous  electric  spark  of  high  tension,  when  compared 
with  the  sensibly  continuous  light  of  Voltaic  electricity,  it  is  inferred 
that  the  brightness  of  electrical  light  increases  with  the  tension  of  the 
electricity. 

2.  Poster^  Geological  CAor^— The  following  announcen>ent  has 
been  received  for  publication  in  this  Jonrnal.  It  affords  us  pleasure  to 
know  that  the  Chart  alluded  to  has  not  the  sanction  of  Prof.  Matfaer^s 
name* 

jAOKBOif  C.  EL,  Ohio,  March  28th,  1850. 
Jh  the  EdUort  of  ike  American  Jimmal  of  Bcience, 
GaifTLCMBN,— I  received  a  few  days  since  the  March  No.  of  the 
Am.  Jour,  of  Science,  in  which  is  a  notice  of  Posterns  Geological  Chart, 
(vide  p.  809,  vol  ix,  new  series,)  saying  '^  A  revised  copy,  as  now  ready 
for  publication,  having  the  signatures  of  Professors  E.  Emmons  and 
W.  W.  Mather,  has  been  shown  us  by  the  author.*' 

My  name  on  that  Chart  is  a  forgery.    I  have  never  seen  the  Chart, 
have  never  authorised  my  name  to  be  put  on  it,  and  pronounce  the  at- 
tempt to  palm  off  that  production  under  my  signature  or  recommenda- 
tion, a  base  imposition  on  the  public,  and  a  still  baser  imposition  on  me. 
[Signed!  W.  W.  Mathbe. 

3.  Ltfroy  on  the  Application  of  Photography  to  the  Self'regiBlraliam 
of  Magnetical  and  Meteorological  Instruments^  (see  page  319.) — Mr. 
Lefroy  has  sent  us  the  following  account  of  his  method  of  treating  his 
mirrors  when  tarnished. — The  mirror  will  probably  be  found  in  course 
of  time,  to  get  tarnished  and  to  require  cleaning,  this  may  be  done  with 
soA  leather,  from  which  all  the  dust  has  been  beaten  out,  and  which  has 
been  well  washed  in  soap  and  water,  and  dried  before  use.  If  a  turning 
lathe  is  at  hand,  a  convex  buff,  fitting  the  mirror,  and  well  covei^  with 
two  or  three  thicknesses  of  leather,  may  be  centered  on  it,  and  the  mirror 
held  against  it  in  a  support  of  some  kind,  while  it  is  made  to  rev<dve,  but 
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the  ieatt  applioation  of  polnbing  powders,  however  fine,  will  eoctaiiger 
an  alteration  in  the  form  of  the  mirror,  and  destroy  the  sharpness  of 
the  focus  capable  of  being  produced  by  it  The  greatest  care  roust  be 
taken  to  keep  the  leather  clean  and  dry. 

4.  On  the  CauMtofihe  Diurnal  Variations  of  the  Magnetic  Needle  ; 
by  W.  H.  Bablow,  Esq.,  M.I.C.E.— (Phil.  Mag.,  [3],  xxxiv,  344,  from 
a  letter  addressed  by  Mr.  Barlow  to  the  Editors  of  the  Phil.  Mag.) — In 
the  number  of  your  Journal  for  April,  an  extract  from  a  letter  from  M. 
de  la  Rive  to  M.  Arago  is  published,  in  which  the  author  attributes  the 
diurnal  variations  of  the  magnetic  needle  and  the  aurors  boreales  to 
the  effect  of  electric  currenu  at  the  surface  of  the  earth  and  in  the  at- 
mosphere. 

In  the  confirmation  of  this  theory  mention  is  made  of  a  remarkable 
efiect  observed  by  M.  Matteucci  in  the  apparatus  of  the  electric  tele- 
graph between  Ravenna  and  Pisa  during  the  magnificent  aurora  on  the 
17th  of  last  November ;  and  the  author  concludes  by  observing  that 
^  it  would  be  highly  interesting  and  important  to  profit  by  those  tele- 
graph wires,  which  are  found  to  have  a  direction  more  or  less  approach- 
iag  to  that  of  the  declination  needle,  in  order  to  make  with  them,  whea 
they  are  not  in  use  for  ordinary  purposes,  some  observations  which 
would  enable  tis  to  demonstrate  and  to  n^asure  the  electric  currents 
which  probably  traverse  them.^' 

My  object  in  addressing  you  is  to  state,  that  in  the  early  part  of  1847, 
I  was  led  to  undertake  extensive  observations  on  this  subject,  in  conse- 
quence of  the  peculiar  disturbances  occasionally  visible  on  the  tele- 
graph instruments  of  the  Midland  Railway  (on  which  line  the  telegraph 
was  erected  under  my  superintendence  as  the  company^s  engineer). 

These  disturbances  were  at  first  attributed  to  atmospheric  electricity 
pas»ng  to  the  earth  by  means  of  the  wires ;  but  from  certain  effects 
observed,  1  was  led  to  infer  that  they  were  due  to  other  causes  ;  and  in 
order  to  explain  these  effects,  it  is  necessary  to  state  that  the  Midland 
system  of  telegraphs  consists  of  four  principal  lines  centering  in  Derby, 
as  follows : — 

1st  Prom  Derby  northwards  to  Leeds. 

2nd.  Prom  Derby  northeast  to  Lincoln. 

3rd.  Prom  Derby  southwards  to  Rugby. 

4th.  Prom  Derby  southwest  to  Birmingham. 

The  disturbances  on  these  four  telegraphs  were  observed  to  occur 
simultaneously,  with  rare  exceptions  ;  and  the  direction  of  the  current 
m  the  two  telegraphs  proceeding  northerly  and  northeasterly  was  al- 
ways contrary  to  those  proceeding  southerly  and  southwesterly ;  that 
is  to  say,  when  the  deflectbn  was  such  as  to  indicate  that  the  current 
was  towards  Derby  on  the  first  two,  it  was  from  Derby  on  the  last  two  ; 
and  when  it  changed  in  one,  it  changed  in  all.  It  was  also  observed 
that  on  the  19th  of  March  1847,  there  was  an  untisual  degree  of  dis- 
turbance during  the  presence  of  aurorse  boreales. 

As  these  effects  could  not  be  attributed  to  the  transit  of  ordinary  at- 
mospheric electricity  along  the  wires  to  the  earth,  I  determined  to  make 
a  set  of  experiments  on  the  subject 

Having  obtained  delicate  galvanometers,  I  first  ascertained  that  cur- 
fents  are  at  all  times  perceptible  in  the  telegraph  wires  to  a  greater  or 
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less  extent  when  the  galvanometer  is  applied  oo  a  sufficient  length  of 
wire,  and  between  two  earth  connections;  but  that  wires  having  no 
earth  connection,  or  only  one,  exhibited  no  currents. 

I  also  found  by  simultaneous  observations  on  two  galvanometers,  ap* 
plied  one  at  each  extremity  of  a  wire  forty*one  miles  long,  that  the 
changes  of  force  and  direction  of  the  currems  were  simultaneous  at  both 
ends ;  the  current  passing  direct  from  one  earth  connection  to  the  otiier. 

But  the  most  interesting  fact  which  appeared  during  these  observations,^ 
and  that  which  bears  immediately  on  the  remarks  contained  in  the  let- 
ter of  M.  de  la  Rive,  is  that  there  is  a  daily  movement  of  the  galvanom- 
eter needle,  similar  to  that  of  the  horizontal  magnetic  needle,  produced 
by  the  electric  currents  travelling  in  one  direction  from  about  8  a.  m.  io 
8  ?.  M.,  and  returning  in  the  opposite  direction  during  the  remainder  of 
the  twenty-four  hours.  Tlie  times  of  zero  are  not  regularly  maintained 
and  vary  from  7  to  10  o'clock  both  in  the  morning  and  evening ;  but 
the  greatest  regularity  is  observable  in  the  morning,  and  the  mean  re- 
sult of  numerous  observations  is  as  above  stated. 

This  regular  diurnal  movement  of  the  galvanometer  needle  is  sub- 
ject to  disturbances  of  greater  or  less  force  and  duration,  which  are 
found  to  be  of  greatest  energy  during  magnetic  storms,  and  when  an  au- 
rora is  visible  ;  and  in  these  cases  the  currents  are  so  strong  as  to  affect 
the  ordinary  telegraph  instruments,  and  sometimes  prevent  altogether 
the  transmission  of  messages. 

The  next  experiments  were  made  with  a  view  to  ascertain  the  direc- 
tion in  which  these  currents  alternate ;  and  the  result,  as  determined 
from  numerous  observations,  denotes  it  to  be  from  northeast  to  south- 
west. The  nearer  this  line  is  approached,  the  more  decided  is  the  ef- 
fect on  the  galvanometer ;  but  between  east  and  south,  and  between 
north  and  west,  the  effect  is  smaller;  and  in  approaching  northwest  and 
southeast,  it  becomes  indefinite  and  irregular,  but  never  ceases  entirely. 

It  also  appeared  that  the  effect  depended,  not  on  the  direction  of  the 
wire  itself,  but  on  the  relative  directions  of  the  two  earth  connections ; 
that  is,  the  points  where  the  wire  was  connected  with  the  earth.  I  next 
made  simultaneous  observations  with  the  galvanometers  and  a  declinom- 
eter needle ;  from  which  it  appeared,  taking  the  mean  of  numerous 
observations,  that  that  part  of  the  day  in  which  the  currents  flow  south- 
wards (that  is,  from  8  or  9  a.  m.  until  the  evening),  the  variation  of  the 
declinometer  needle  is  westerly  ;  and  that  during  the  night  and  early 
part  of  the  morning  (at  which  time  the  currents  travel  northwards)  the 
variation  is  easterly  ;  also,  that  the  large  disturbances  called  magnetic 
etorms  are  simultaneous  on  both  instruments. 

But  although  there  is  this  resemblance  in  the  general  features  of  the 
movements  of  both  needles,  the  paths  described  are  not  similar.  The 
movements  of  the  galvanometer  needle  are  more  frequent  and  rapid 
than  the  declinometer,  and  the  deflection  frequently  changes  over  from 
right  to  left  without  a  corresponding  movement  of  the  declinometer. 

The  observations  thus  briefly  recorded  formed  the  subject  of  a  paper 
which  was  read  at  the  Royal  Society  on  the  17th  of  June,  1847  ;  and  I 
have  thought  it  desirable  to  make  this  communication  to  your  Journal 
on  reading  M.  de  la  Rive's  letter,  because  it  rather  curiously  happens, 
<hat  the  unusual  delay  which  has  arisen  in  the  publicatioD  of  my  paper 
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by  the  Royal  Society  m  attributable  to  tbe  fact,  that  I  arrived  froBi  these 
experimeDts  at  tbe  same  conclusion  as  M.  de  la  Rive,  as  to  the  electric 
origin  of  the  diurnal  variation  of  the  magnetic  needle,  which  I  consid- 
ered to  be  the  effect  of  the  alternating  electric  currents  exhibited  by 
the  telegraph  wires. 

The  Royal  Society  were  unwilling  to  give  their  sanction  to  thia  view 
of  the  case,  and  only  consented  to  the  publication  of  the  observations 
above  described  on  my  omitting  that  portion  of  the  paper. 

The  paper  is,  however,  now  in  tl^  hands  of  the  printers,  and  will  I 
hope,  be  shortly  before  the  public. 

I  ought  to  state  in  conclusion,  that  my  idea  of  the  origin  of  the  cur- 
rents differs  in  one  respect  from  the  theory  of  M.  de  la  Rive  ;  inasmuch 
as  he  considers  them  to  rise  in  the  atmosphere,  whereas  I  have  attribu- 
ted them  to  thermo-electric  action  in  the  crust  of  the  earth.  I  speak  of 
course  with  great  deference  on  a  subject  of  this  kind  ;  but  there  is  an 
important  fact  tending  to  this  conclusion  which  is  now  well  ascertained, 
namely,  that  in  the  telegraphs  which  are  laid  entirely  under  ground, 
deflections  occur  similar  to  those  before  described ;  while  wires  sus- 
pended in  the  air  exhibit  no  deflections,  unless  they  are  connected  with 
tbe  earth  in  two  places,  and  then  the  direction  in  which  the  current 
travels  depends  on  the  relative  positions  of  the  earth  connections,  how- 
ever circuitous  may  be  the  route  of  the  wire  itself. 

Derby,  April  12, 1849. 

5.  The  Ruitm  of  Ninevehy  (London  Lit.  Gaz.,  March  9,  1850,  from 
The  Times). — A  correspondent  has  favored  us  with  the  subjoined  ex- 
tracts from  the  letter  of  Mr.  Stewart  Erskine  Rolland,  late  of  the  69th 
Regiment,  who  is  now  at  Nimroud  with  Captain  Layard,  assisting  him 
in  his  endeavors  to  bring  to  light  the  hidden  antiquarian  treasures  of 
Nineveh.  The  difEculties  which  the  gallant  and  enterprising  discoverer 
has  to  contend  with,  owing  to  the  limited  pecuniary  resources  at  his  dis- 
posal, are  dwelt  on  by  our  correspondent,  who  fears  that  the  French 
antiquarian  agent  recently  despatched  will,  with  his  much  larger  funds 
(80,000/.  it  is  stated),  materially  encroach  on  the  harvest  of  antiquities 
which  would  fall  to  the  lot  of  the  English  nation,  were  Capt.  Layard's 
exertions  backed  by  more  ample  means : — 

*'*'  The  first  two  or  three  days  at  Mossul  I  spent  in  examining  the  ex- 
cavations of  Koyunjik,  where  fresh  slabs  are  being  every  day  brought 
to  light.  Xwo  new  colossal  bulls  and  two  colossal  figures  were  discov- 
ered while  I  was  there,  at  the  entrance  of  the  city  gates  ;  and  the  pave- 
ment at  the  gateway,  marked  with  ruts  by  the  chariot  wheels,  was  also 
uncovered.  I  Ief\  my  wife  under  Mrs.  Rassam^s  care,  and  accompa- 
nied Layard  a  day^s  journey  to  the  villages  of  Baarshekah  and  Bam- 
yaneh,  and  to  the  mound  of  Khorsabad.  We  took  greyhounds  with  us 
and  had  a  day's  hunting,  catching  seven  antelopes.  After  our  return, 
Mr.  Layard,  Charlotte,  and  I,  and  our  servants,  embarked  on  a  raf^, 
and  floated  down  the  Tigris  in  seven  hours  to  this  little  village  of  Nim-^ 
roud,  close  to  a  large  mound,  which  was  the  first  excavated,  sending 
our  baggage  and  horses  by  land.  We  have  since  been  residing  in  his 
bouse  here ;  it  is,  in  fact,  little  more  than  a  mud  hut ;  but  he  has  put  in 
glass  windows,  a  table,  and  some  sofas,  and  made  it  as  comfortable  as 
circumstances  will  admit  Layard  has  placed  a  party  of  tbe  workmen 
imder  my  control)  and  aUowed  me  to  dig  where  I  please.    I  am  sinking 
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weHs  in  all  directions,  and  am  not  without  hopes  of  diacoirering  sobter* 
ranean  chambers,  which  I  am  convinced  must  exist  In  one  place  con* 
siderably  below  the  level  of  any  of  the  hitherto  discovered  monuments, 
a  brick  arch  between  two  walls  of  brick  has  been  uncovered :  it  is  a 
puzzle  to  us  all.  Another  great  discovery  is  an  immense  stonewall  of 
most  solid  masonry  inside  ihe  brick  pyramid.  The  workmen  are  la* 
boring  to  force  an  entrance  into  it ;  but  their  progress  is  necessarily  very 
slow,  not  exceeding  a  A)ot  or  two  in  a  day.  But  the  greatest  discovery 
vet  mude  since  the  earth  was  first  turned  remains  to  be  told.  I  will  give 
It  you  in  due  order. 

"  January  3,  1850.— On  the  28ih  of  December,  Layard  and  I,  with 
our  attendants  and  two  or  three  Arab  Sheikhs,  started  off  to  pay  a  visit 
to  the  *  Tai,'  on  the  other  side  of  the  ^  Zab.*  We  were  the  first  Euro- 
peans who  had  ever  visited  that  country.  Three  hours^  galloping  from 
Nimroud  brought  us  to  the  banks  of  the  stream,  which  is  as  rapid  and 
broad  as  the  Tigris,  and  nearly  as  deep,  but  here,  being  divided  into 
four  branches,  is  fordable.  With  some  difficulty  we  swam  our  horses 
across  it,  getting  of  course  very  wet  in  the  operation.  Our  visit  here 
has  a  threefold  object — first,  to  explore  the  mound  of  Abou  Sheeta, 
which  appears  to  contain  a  buried  city ;  secondly,  to  make  friends  be- 
tween two  rival  chiefs  of  the  Tai ;  and,  thirdly,  to  promote  a  reconcili* 
ation  between  them  and  their  implacable  enemies,  the  Jibours,  which 
will  much  facilitate  Layard's  future  operations.  Our  first  visit  was  to 
the  camp  of  the  Hawar,  who  is  considered  by  all  the  Arabs,  even  by 
those  of  the  great  African  desert,  to  be  the  highest  born  and  noblest 
among  them.  He  is  probably  the  man  of  most  ancient  descent  in  the 
world,  reckoning  his  genealogy  far  above  the  time  of  Abraham.  He  is 
supported  in  his  pretensions  to  the  chieftainship  by  the  noblest  of  the 
tribe,  while  his  rival,  Feras,  is  supported  by  the  Turks  and  the  greater 
number  of  the  Tai.  His  brother,  the  handsomest  man  I  have  ever 
seen,  came  out  to  meet  us  with  100  horsemen,  most  of  whom  had  come 
to  our  village  to  plunder  the  other  day.  They  galloped  madly  about 
the  plain,  brandishing  their  long  spears,  shouting  their  war  cry,  and  es- 
corted us  in  great  state  to  the  camp  of  the  Sheikh,  where  he  stood  to 
receive  us.  I  never  saw  so  noble  or  dignified  a  figure ;  he  is  eminently 
handsome,  though  advanced  in  years  and  suffering  from  ill-health.  In 
stature  he  is  gigantic — six  feet  four  or  five  at  least,  and  erect  as  a  pine 
tree.  His  tent  was  a  spacious  one,  a  load  for  three  camels,  wiih  the 
women's  tents  on  one  side  and  that  of  ttie  horses  on  the  other,  all  under 
the  same  covering.  Mats  and  cushions  were  spread  on  the  floor  of  the 
lentt  on  which  the  Hawar,  Layard  and  I  sat,  as  did  his  brother,  his 
uncle,  and  others  of  the  magnates  of  the  tribe,  while  the  rest  stood  in 
a  semicircle  at  the  door.  A  noble  hunting  hawk  stood  on  his  perch  in 
the  centre.  We  partook  of  spiced  coffee,  discussed  the  business  on 
which  we  came,  and  dined  in  the  tent  on  a  capital  stew  of  mutton, 
pumpkins,  rice,  and  sour  milk.  AAer  we  had  partaken,  the  rest  of  the 
tribe  made  their  repast,  a  certain  number  sitting  down  together,  each 
man  rising  when  he  was  satisfied,  and  a  sort  of  master  of  the  ceremo- 
nies calling  out  the  name  of  the  man  who  was  to  succeed  him.  There 
was  no  bustle  or  indecorum.  After  dinner  they  all  said  their  prayers* 
We  had  set  on  our  tents,  which,  by  the  way,  got  very  wet  in  crossing 
the  river»  and  we  .pitched  them  close  to  that  of  the  SbeiklL    The  next 
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day  the  encampment  changed  its  quarters.  I  have  seldom  seen  a  more 
picturesque  sight  The  Sheikhas  tent  was  struck  first,  and  the  long 
procession  of  laden  camels,  horsemen,  donkeys,  and  cattle,  stretched 
as  far  as  the  eye  could  reach.  I  calculated  that  there  were  about  2,000 
persons  with  their  camels,  horses,  and  cattle.  We  paid  our  visit  to 
Peras,.  the  rival  Sheikh,  taking  with  us  the  brother  of  Hawar.  We 
were  well  received,  though  not  with  the  same  dignified  courtesy.  While 
we  were  away  the  workmen  had  opened  a  trench,  by  Layard^s  direc- 
tion, to  show  my  wife  a  certain  slab  which  he  had  buried ;  in  doing  so 
they  uncovered  three  copper  cauldrons  of  immense  size,  and  some 
huge  dishes  of  metal.  liiyard  carefully  removed  the  earth  from  one 
cauldron,  which  was  partially  filled  with  it,  and  discovered  an  immense 
variety  of  ivory  ornaments,  an  iron  axe>head,  and  innumerable  other 
articles,  which  for  the  present  I  must  forbear  to  mention,  having  prom- 
ised secrecy.  Layard  removed  as  many  as  he  could,  and  covered  the 
rest  with  earth.  It  is  by  far  the  most  important  discovery  that  has  yet 
been  made.  He  has  placed  them  under  my  charge,  and  given  me  the 
direction  of  the  workmen,  as  he  is  obliged  to  go  to  Mossul  to  make 
preparations  for  the  removal  of  the  two  finest  colossal  lions  that  have 
yet  been  discovered,  which  will,  I  trust,  be  on  their  way  to  England  in 
a  month  or  two.  AAer  that  we  shall  cross  the  Zab  with  our  tents,  en- 
camp there,  and  pass  our  time  alternately  in  hunting  and  digging  in  the 
mound.  You  can  have  no  idea  of  the  difficulties  Layard  has  had  to 
contend  with,  or  the  energy,  talent,  perseverance,  and  shrewdness  with 
which  he  surmounts  them,  or  the  exquisite  tact  and  good  humor  with 
which  he  manages  the  different  people  he  has  to  deal  with.  In  the 
first  place  he  has  nothing  but  conjecture  to  guide  him  in  his  researches ; 
it  is  literally  ^t^ping  in  the  dark,  and  all  sorts  of  buried  treasures  may 
lie  within  his  reach,  while  from  the  very  small  amount  of  funds  pla- 
ced at  his  disposal,  he  is  unable  to  make  anything  like  a  proper  search, 
and  contents  himself  with  sinking  trenches  almost  at  hazard  as  it  were. 

"  Jan,  6. — Yesterday  we  removed  more  than  thirty  metal  vases,  bowls 
and  saucers,  most  beautifully  embossed  and  engraved,  some  shields 
and  swords,  of  which  the  handles  alone  remain,  the  iron  blades  being 
decomposed,  and  a  small  marble  vase.  The  cups  and  bowls  and  other 
ornaments  are  of  some  unknown  alloy  of  metals,  but  they  are  all  so 
encrusted  with  decomposed  and  crystallized  copper,  and  so  fragile, 
that  they  cannot  be  handled  without  great  danger,  and  *Mr.  Layard  is 
sending  them  home  in  the  state  in  which  he  found  thc^m,  without  at- 
tempting to  remove  the  rust.  I  spent  eight  hours  yesterday  in  scratch- 
ing them  out  of  the  clay  with  my  hands,  as  the  operation  was  too  deli- 
cate to  allow  even  a  knife  to  tie  used.  My  wife  was  employed  the 
whole  night  in  packing  them.  We  may  now  congratulate  the  British 
nation  in  being  possessed  of  an  entirely  unique  collection,  the  value  of 
which  is  inestimable.  The  ornaments  and  sculptures  on  the  vases  de- 
note a  very  advanced  stage  of  civilization.  Not  the  least  curious  of 
the  discoveries  are  several  hundred  mother-o^* pearl  studs,  in  form  ex- 
actly resembling  our  shirt  buttons. 

6.  Oak  Orchard  Acid  Spring  Water,  Alabama^  Genesee  Co,,  N.  Y, ; 
by  H.  Eeki,  Assistant  Chemist  of  the  Yale  Laboratory ;  and  by  Wx. 
J.  Craw,  of  the  same  Laboratory. — ^This  water  is  clear  and  trantpa- 
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rent  and  without  smell.    It  contained  always  a  small  sediment  of  o^ 


and  tasted  strongly  acid,  afl^ting  the  teeth ;  spec  grav. 
Mr.  Erai,  1*00482  at  Ib^  C.      1000  pu.  of  the  water 


ganic  matter, 
as  found  by 
yielded — 

9 

te 
3^ 

I* 

fra 

Na 
01 

Si 

ChloriDe  and  organic  matters,  trace$ 

4*6750  4-6848 

Representing  the  bases  as  combined  with  SOs,  we  have  for  the  com* 
position  of  1000  pts.  of  water — 


ErnL 

Cmw. 

8-5706 

8-582 

0-2065 

•2258 

0-1111 

•0966 

0-4557 

•4596 

0-1562 

•1805 

0-0571 

-0444 

0-0522 

•0412 

•0148 

-0220 

0K)656 

-0684 

trace$ 

.... 

ErnL 

Cr»w. 

3 

2-0122        .            .            .        2i)070 

#6  3 

0-4856 

-4266 

SlS* 

0-8702 

•8282 

CaS 

1-1065 

1-1161 

H' 

0-4592 

•5805 

0-1061 

•0822 

Sa3 

0-1196 

•0945 

NaCl 

•0868 

Si 

0-0656 

•0684 

Ofalorine,  organic  matter, 

trace 

.... 

4-6750 


4-6848 


Tale  Laboratory,  April  18, 1860. 


7.  On  the  Cause  of  Aurora  Boreales ;  by  Auouste  hE  la  Rnra, 
being  an  extract  from  a  letter  to  M.  Regnault,  (Comptes  Bendos,  Oct.  15, 
1849 ;  Phil.  Mag.,  xxxv,  Dec,  1849.) — I  have  just  read,  in  a  memoir  by 
M.  Morlet  on  the  Aurors  Boreales,  inserted  in  the  Annales  de  Ckiwne 
et  de  Physique^  Sd  series,  vol  xxvii,  the  following  passage : — 

^'  With  regard  to  the  origin  of  this  luminous  matter  (that  of  the 
aurora  borealis),  it  seems  natural  to  attribute  it  to  the  electric  fluid  con- 
tained in  the  atmosphere,  and  which  at  great  heights  where  the  air  is 
rarefied,  must  become  luminous  as  under  the  receiver  of  the  air-pump 
and  in  the  barometric  vacuum  :  this  hypothesis  would  acquire  a  great 
probability  if  we  succeeded  in  proving  by  direct  experiments,  that  nuig- 
netism  exerts  an  influence  on  electric  light.*' 

This  last  expression  induces  me  to  request  you  to  have  the  goodness 
to  communicate  to  the  Academy  of  Sciences  an  experiment  which  I 
mentioned  to  you  on  my  passage  through  Paris  last  June,  and  which 
you  may  perhaps  remember ;  its  object  was  to  show,  in  support  of  the 
theory  which  I  had  advanced  of  the  aurora  borealis,  the  influence  ez« 
erted  by  magnetism  upon  the  light  which  is  produced  in  ordinary  elec« 
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trie  disehtrgM.  Hitberto  this  influence  has  only  been  shown  in  the 
case  of  the  luminons  arc  which  escapes  between  two  conducting  points, 
each  communicating  with  one  of  the  poles  of  a  voltaic  battery ;  which 
is  very  different,  both  as  concerns  the  phenomenon  itself,  and  in  what 
concerns  its  application  to  the  theory  of  the  aurora  borealis.  The  fd* 
lowing  is  my  experiment. 

1  introduce  into  a  glass  globe  about  thirty  centimetres  in  diameter, 
by  one  of  the  two  tubu lures  with  which  it  was  furnished,  a  cylindrical 
iron  bar,  of  such  length  that  one  of  its  extremities  reaches  nearly  to 
the  centre  of  the  gk>be,  whilst  the  other  extends  from  three  to  four 
centimetres  out  of  the  tubulure.  The  bar  is  hermetically  sealed  in 
the  tubulure,  and  covered  throughout  its  length,  except  at  its  two 
ends,  with  an  isolating  and  thick  layer  of  wax.  A  copper  ring  sur« 
rounds  the  bar  above  the  isolating  layer  in  its  internal  part  the  nearest 
to  the  side  of  the  globe ;  from  this  ring  proceeds  a  conducting  rod, 
which,  carefully  isolated,  traverses  the  same  tubulure  as  the  iron  bar, 
but  without  communicating  with  it,  and  terminates  externally  in  a  knob 
or  hook.  When  by  means  of  a  stop^cock  adjusted  to  the  second  tubu* 
lure  of  the  globe,  the  air  in  it  is  rarefied  up  to  three  to  ^ve  millimetres, 
the  hook  is  made  to  communicate  with  one  of  the  conductors  of  an 
electric  machine,  and  the  external  extremity  of  the  iron  bar  with  the 
other,  so  that  the  two  electricities  unite  in  the  interior  of  the  globe, 
forming  between  the  internal  extremity  of  the  iron  bar  and  the  copper 
ring  which  is  at  its  base,  a  more  or  less  regular  fascicle  of  light.  But  if 
the  external  extremity  of  the  iron  bar  is  placed  in  contact  with  one  of 
the  poles  of  a  strong  electro-magnet,  taking  good  care  to  preserve  the 
isolation,  the  electric  light  takes  a  very  different  aspect.  Instead  of  issu« 
ing,  as  before,  from  the  different  points  of  the  surface  of  the  terminal 
part  of  the  iron  bar,  it  is  emitted  only  from  the  points  which  form  the 
contour  of  this  part,  so  as  to  constitute  a  continuous  luminous  ring. 
This  is  not  all :  this  ring,  and  the  luminous  jets  which  emanate  from  it,  i 
have  a  continuous  movement  of  rotation  around  the  magnetized  bar ; 
one  whi^e  in  one  direction,  at  other  times  in  another,  according  to  the 
electric  discbarges  and  the  direction  of  the  magnetization.  Lisstly, 
more  brilliant  jets  appear  to  issue  from  this  luminous  circumference 
without  being  confounded  with  those  which  terminate  on  the  ring,  and 
form  the  fascicle.  As  soon  as  the  magnetization  ceases,  the  luminous 
phenomenon  becomes  again  what  it  was  pre? iously,  and  what  it  is  gen«> 
erally  in  the  experiment  known  by  the  name  of  the  electrical  egg. 
Not  having  any  powerful  machine  at  my  disposal,  I  used  for  my  exper- 
iment an  Armstrong's  hydro-electric  machine,  the  boiler  of  which  I 
nuide  to  communicate  with  the  copper  ring,  and  the  isolated  conductor 
which  receives  the  vapor  with  the  iron  bar,  or  vice  versa  when  I  wished 
to  change  the  direction  of  the  discharges.  The  experiment  succeeded 
very  well  in  this  manner. 

The  experiment  which  I  have  just  described  appears  to  me  to  aocoutH 
very  satisfactorily  for  what  passes  m  the  phenomenon  of  the  aurora 
borealis;  in  fact,  the  light  which  results  from  the  union  of  the  twoelec* 
tricities  in  the  part  of  the  atmosphere  which  covers  the  polar  regions, 
instead  of  remaining  vaguely  distributed,  is  carried  by  the  action  of  the 
terrestrial  magnetism  round  the  magnetic  pole  of  the  globe,  whence 
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it  aeenM  to  rise  in  a  revolring  column,  of  which  it  is  the  base.  We 
thus  understaod  why  the  magnetic  pole  is  always  the  apparent  centre 
whence  issues  the  light  constituting  the  aurora  borealis,  or  toward  which 
it  appears  to  converge.  I  shall  not  recur  to  the  other  cifcumstances 
which  accompany  this  meteorological  phenomenon,  the  agreement  of 
which  I  have  shown  with  the  explanation  I  have  given  in  a  letter  ad- 
dressed to  M.  Arago,  which  was  communicated  to  the  Academy,  and 
inserted  in  the  Philosophical  Magazine  for  April,  1849,  p.  286. 

But,  having  referred  to  this  letter,  in  which  the  question  was  also 
raised  respecting  the  explanation  of  the  diurnal  variations  of  the  mag- 
netic needle,  permit  me  to  add,  that  Lhave  had  occasion  to  prove,  m 
England,  both  by  my  own  observations,  and  still  better  by  the  more 
extensive  ones  of  several  physicists,*  the  existence  of  electric  currents 
having  a  direction  from  the  northwest  to  the  southeast  on  the  surface  of 
the  earth.  The  presence  of  these  currents  can  be  easily  proved  by 
means  of  the  metallic  wires  which  serve  as  telegraphic  communications : 
wires  which  are  placed  underground  and  at  the  same  time  well  isolated, 
except  at  their  two  extremities  which  dip  into  the  ground,  are  best  suit- 
ed for  this  kind  of  observations.  It  is  very  curious  to  follow  the  agree* 
ment  which  exists  between  the  variations  of  intensity  of  these  currents 
and  the  variations  of  magnitude  of  the  deviation  of  the  magnetic  needle 
of  declination ;  a  new  proof  to  add  to  that  drawn  from  their  direction, 
that  they  are  the  cause  of  the  diurnal  variations. 

Colonel  Sabine  has  stated,  in  opposition  to  my  explanation  of  the 
diurnal  variations,  an  objection  drawn  from  the  observation  on  these 
variations  at  the  Island  of  St.  Helena  and  at  the  Cape  of  Good  Hope.t 
I  do  not  think  it  well  founded,  and,  without  entering  into  the  details 
which  will  better  find  a  place  elsewhere,  I  shall  limit  rojrself  to  one 
single  remark.  I  attribute  the  origin  of  the  currents  which  give  rise 
to  the  aurora  borealis  and  to  the  diurnal  variations,  to  the  rupture  of 
the  electric  equilibrium  occasioned,  in  each  atmospheric  column,  by 
the  difference  of  temperature  which  exists  between  its  base  which  re* 
poses  on  the  surface  of  the  globe  and  hs  upper  part  which  is  at  the  limit 
of  the  atmosphere.  Each  column  thus  forms  a  kind  of  pile  charged 
at  its  two  extremities  with  contrary  electricities,  which  unite  in  part  by 
the  pile  itself,  in  part  by  a  circuit  formed  of  the  upper  regions  of  the 
atmosphere,  of  the  atmospheric  polar  regions,  and  of  the  surface  of 
the  earth.  Meteorological  circumstances  determine  the  greater  or  less 
proportion  of  the  two  electricities  which  unite  by  one  or  the  other  of 
these  ways. 

Now,  the  temperature  of  the  base  of  the  column  must  vary  not  only 
with  the  season,  with  the  time  of  the  day,  and  with  the  latitude  of  the 
place  wliere  it  is  observed,  but  also  with  the  nature  of  the  surface  of 
the  globe  on  which  it  reposes.  When,  therefore,  this  surface  is  the 
sea,  the  hours  of  maxima  and  minima  of  temperature  are  not  the  same 
as  when  it  is  terra  Jirma^  all  other  circumstances  being  the  same ;  it 
results  necessarily  that  the  hours  of  maxima  and  minima  of  intensity 
of  the  electric  currents,  and  consequently  of  the  diurnal  variations  to 

*  Sea  the  obsenratioiis  of  W.  H.  Bark>w  on  tUs  subject.  PldL  Mag^  vol  zzxhr, 
p.  tU.  t  I'hiL  Mag.,  voL  zzzrv,  p.  4M. 
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which  they  gire  rise,  must  be  equally  different.  Now,  St.  Helena  and  • 
the  Cape  of  Good  Hope  may  be  considered  as  places  enveloped  in  at- 
mospheric columns,  which  have  almost  their  entire  base  resting  on  the 
sea  and  not  on  the  land ;  thence  the  anomalies  pointed  out  by  Ck>lonel 
Sabine  are  very  easily  explained,  and,  in  particular,  it  is  easily  under- 
stood  how  there  is  no  agreement,  in  direction,  which  must  in  every  case 
be  different,  between  the  diurnal  variations  observed  at  the  Cape  of 
Good  Hope  and  those  observed  at  Algiers,  which  is  equally  distant  from 
the  equator,  but  to  the  north.  An  excellent  paper  by  M.  Aime  on  ter- 
restrial magnetism,  inserted  in  the  Annales  de  Chimie  et  de  Physique^ 
8d  series,  vol.  xvii,  in  which  he  discusses  comparatively  the  observa- 
tions made  at  St.  Helena,  the  Cape,  and  Algiers,  has  singularly  facilitated 
the  explanation  of  the  anomalies  presented  as  objections  by  Mr.  Sabine. 

I,  however,  do  not  pretend  that  there  does  not  exist  any  anomaly ; 
my  explanation  is  not  more  free  than  others  from  those  which  result 
from  certain  local  and  exceptional  causes.  I  am  not  further  from  ad- 
mitting that  the  currents  of  induction  determined  on  the  surface  itself 
of  the  globe,  by  its  rotation  under  the  influence  of  its  magnetic  poles, 
cannot  have  any  part  in  the  phenomenon  of  the  diurnal  variations  and 
aurora  borealis,  and  account  for  the  connection  which  these  variations 
appear  to  have  with  the  absolute  direction  both  in  declination,  and  in 
inclination  of  the  magnetic  needle,  and  with  the  absolute  intensity  of 
the  terrestrial  magnetism.  But  this  subject  would  require,  for  elucida- 
tion, to  be  treated  more  at  length  than  can  be  done  in  a  letter ;  I  shall 
therefore  stop,  and  beg  to  refer  those  persons  who  may  be  interested  in 
this  question  to  a  memoir  which  I  am  on  the  point  of  completing,  and 
which  will  be  published  forthwith. 

8.  Charleston  Meeting  of  the  American  Association  for  the  Advance^ 
mtnl  of  Science. — ^The  semi-annual  session  of  the  American  Association 
was  held  by  appointment  in  Charleston,  South  Carolina,  in  the  early 

Crt  of  March,  and  was  attended  quite  as  numerously  as  could  have 
en  expected.  The  season  of  the  year,  and  the  distance  of  a  major- 
ity of  members,  made  it  impossible  for  a  large  concourse  to  be  gath- 
ered. We  have  failed  to  procure  a  full  list  of  the  papers  read  at  this 
meeting,  no  complete  list  having  at  a  late  date  been  received  from  the 
Secretaries.  That  the  papers  were  numerous  and  of  importance,  we 
know  from  the  testimony  of  those  who  were  at  the  meeting.  Dr.  A. 
D.  Bache  presided  at  this  meeting,  and  the  greatest  hospitality,  public 
and  private,  was  enjoyed  both  from  the  city  and  inhabitants.  With  a 
most  commendable  liberality,  the  City  Council  assumed  all  the  expenses 
of  the  Association  in  publishing  the  volume  of  Reports  of  proceedin|;s 
and  papers  at  this  meeting.  This  example  so  worthy  of  imitation,  will 
we  trust,  be  a  precedent  for  the  future  reception  of  the  Association. 
Such  contributions  are  honorable  to  those  who  proffer  them,  just  to  the 
cause  of  science,  and  truly  encouraging  to  the  working  men  who  sac- 
rifice the  hopes  of  accumulation  to  the  sacred  cause  of  truth  for  the 
general  good. 

The  next  annual  meeting  of  the  Association  will  be  held  at  New 
Haven  on  the  19th  of  August  next.  The  Local  Committee  will  soon 
issue  their  circulars  of  invitation. 
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VI.    BiBLIOGlUPBT. 

1.  Proceedings  of  the  American  Association  for  the  Advancement  of 
Science^  second  meeting,  field  at  Cambridge,  August,  1849.  Boston, 
1850.  H.  Flanders  &  Co.  8vo,  pp.  450. — This  Tolume  is  composed 
mainly  from  the  reports  made  at  the  time  and  printed  in  the  Boston 
Traveler,  which  have  since  been  corrected  by  the  several  authors  and 
are  now  issued  under  the  sanction  of  the  publishing  committee.  It  is 
a  volume  of  abstracts  rather  than  one  of  full  papers,  although  many  of 
the  shorter  papers  are  given  in  full  detail.  The  volume  covers  a  wide 
range  of  subjects  in  all  departments  of  science  and  evinces  a  high  de- 
gree of  activity  in  physical  investigation,  much  greater  probably  than 
has  existed  at  any  former  period  of  American  history.  Many  of  the 
most  important  articles  it  contains  have  already  appeared  in  this  Jour- 
nal, and  others  will  find  their  way  into  it. 

2.  The  Annual  of  Scientific  Discovery,  or  Year  Book  of  Facts  in  Set* 
ence  and  Arts,  ^c. ;  edited  by  David  A.  Wells  (of  the  Lawrence  Sci- 
entific School,  Cambridge,)  and  George  Bliss,  Jr.  Boston :  Gould, 
Kendall  and  Lincoln.  1850.  12mo,  pp.  392,  with  a  portrait  of  Prof. 
Agassiz. — This  annual  is  projected  upon  a  comprehensive  plan  includ- 
ing the  most  important  discoveries  and  improvements  ^*  in  mechanics, 
useful  arts,  natural  philosophy,  chemistry,  astronomy,  meteorology, 
zoology,  botany,  mineralogy,  geologyi  geography,  antiquities,  together 
with  a  list  of  recent  scientific  publications,  a  classified  list  of  patents, 
obituaries  of  eminent  scientific  men,  and  an  index  of  important  papers  in 
scientific  journals  and  reports.*'  This  volume  is  properly  a  book  of 
selections  from  the  various  scientific  discoveries  of  the  year  past  rather 
than  a  complete  registry  of  them,  and  as  such  it  is  a  work  of  great 
merit,  and  highly  useful  to  the  scientific  as  well  as  general  reader.  In 
a  cursory  examination  of  the  volume  we  observe,  however,  errors  and 
omissions  in  some  departments  which  more  care  will  in  future  avoid ; 
and  we  would  especially  suggest  more  attention  to  American  facts  and 
researches,  and  the  propriety  of  giving  a  fuller  index  of  the  articles  hi 
scientific  journals  and  reports.  There  are  numerous  original  and  im- 
portant memoirs  published  in  the  past  year,  in  American  publications, 
to  which  no  allusion  is  made  either  in  the  index  of  articles  or  in  the 
body  of  the  work,  a  deficiency  to  which  we  should  not  allude  were  not 
the  title  so  comprehensive  as  to  be  calculated  to  mislead  scientific  men 
abroad.  We  notice  also  several  incorrect  statements  copied  from  the 
daily  newspapers,  e.  g.,  those  regarding  the  copper  mines  at  Briatol 
and  in  Litchfield,  in  Connecticut.  It  is  our  wish  to  encourage  a  work 
in  the  main  so  excellent,  by  suggesting  imperfections  that  may  hereaf\er 
be  avoided.  We  are  glad  to  learn  that  a  large  edition  of  the  book  has 
already  been  exhausted. 

8.  The  Physical  Atlas  of  Natural  Phenomena ;  for  the  use  of  Col- 
leges, Academies  and  Families;  by  Alexandee  Keith  Johnston, 
F.R.G.S.,  F.G.S.,  American  edition.  Lea  &  Blanchard,  Philadelphia, 
containing  26  maps  in  4lo,  with  interleaved  text. — ^This  atlas  is  an  en- 
cyclopaedia of  knowledge  relating  to  the  physical  character  and  phe- 
nomena of  our  globe,  presented  in  a  series  of  maps,  with  full  deacrip- 
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tioM  and  a  rast  amount  of  added  detail  in  tbe  accompanying  pages  of 
letter  press.  The  maps  have  been  prepared  with  the  skill  and  knowl* 
edge  which  none  but  the  most  extensive  learning  couJd  command,  and 
are  so  displayed  by  the  use  of  colors  and  various  designs  as  to  speak  de« 
eiatrely  and  intelligibly  to  the  eye.  The  subject  of  geology  is  first  pre* 
sented,  and  the  distribution  over  the  earth  of  rock  formations,  including 
volcanoes,  is  seen  in  a  general  manner  on  PI.  1.  An  elegant  geologiced 
map  of  the  British  Isles  is  added.  Another  map  or  plate  shows  the  dis- 
tribution of  mountain  ranges,  their  exact  courses  and  relations.  The  ac- 
companying text  treats  of  the  mean  heights  and  features  of  continents, 
highest  peaks  and  general  characters  of  chains.  Another  map  is  devo- 
ted to  the  Andes  and  Rocky  Mountains  with  the  ranges  of  America* 
Plate  4,  illustrates  in  a  very  perfect  manner  the  glacier  system  of  the 
Alpe;  plate  5,  very  minutely  and  elegantly  the  distribution  of  volca- 
■oes  of  the  globe,  and  volcanoes  and  earthquakes  are  the  subject  of 
much  important  information  iu  the  text.  In  the  same  manner,  there 
are  several  maps  representing  the  distribution  of  the  waters  of  the 
globe,  their  currents,  temperature,  tides,  usual  tracks  of  vessels,  con- 
tinental waters,  river  basins ;  others  exhibiting  the  regions  of  rarns^ 
of  deserts,  the  courses  of  winds  and  prevalent  hurricanes ;  others,  the 
vegetation,  forest  regions,  distribution  of  plants  and  animals,  and  of 
races  of  men. 

4.  Lake  Superior^  itt  Phyncal  Character^  Vegetation  and  AnimaU^ 
compared  with  those  of  other  and  similar  Regions ;  by  Louis  Aoissiz, 
with  a  narrative  of  the  Toar,  by  J.  Elliot  Cabot,  and  contributions 
by  other  scientific  gentlemen,  with  appropriate  illustrations ;  pp.  428, 
8vo.  Boston :  Gould,  Kendall  de  Lincoln.    1850. 

The  narrative  occupies  133  pages,  and  is  drawn  up  with  perspicuity, 
ooadensation  and  elegance ;  interspersed  among  the  pages  of  the  text 
are  scientific  remarks  by  Prof.  Agassiz,  on  the  various  objects  which 
presented  themselves  in  the  progress  of  the  tour  which  was  incltided 
between  the  15th  of  June,  and  the  25th  of  August,  1846.  Raitroada 
and  steamboats  brought  them  speedily  to  and  from  the  scene  of  action, 
and  the  seventy-one  days  were  most  industriously  and  successfully  em* 
ployed  by  the  naturalists  and  pupils  and  amateurs  in  a  party  of  sixteen, 
acting  intelligently  and  vigorously  under  their  distinguished  and  accom* 
pKshed  leader. 

The  most  important  scientific  observations  are  given  separately  in  ao 
appendix  to  the  narrative,  and  are  included  under  the  following  heads. 

Lake  Superior — Physical  character,  VegeUition  and  Animals,  com- 
pared with  those  of  other  and  similar  regions. 

I.  The  northern  vegetation  compared  with  that  of  the  Jura  and  the  Alpe* 

IL  Observations  on  the  vegetation  of  the  northern  shores  of  Lake 
Superior. 

III.  Classifications  of  animals  from  Embryonic  and  Palseozoic  data. 

IV.  General  remarks  upon  the  Coleoptera  of  Lake  Superior,  by  Dr. 
John  L.  LeConte. 

V.  Catalogue  of  Shells,  with  descriptions  of  new  species,  by  Dr.  A* 
A.  Gould. 

VI.  Pishes  of  Lake  Superior  compared  with  those  of  the  other  great 
Canadian  Lakes*. 
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VII.  Description  of  i ome  new  species  of  Reptiles  from  the  region  of 
Liske  Superior. 

VIH.  Report  on  tbe  Birds  collected  and  observed  at  Lake  Superior, 
by  J.  E.  Cabot 

IX.  Description  of  some  species  of  Lepidoptera  from  the  northern 
shores  of  Lake  Superior,  by  Dr.  Tbaddeus  William  Harris. 

X.  The  Erratic  Phenomena  about  Lake  Superior. 
XL  The  outlines  of  Lake  Superior. 

.    XII.  Geological  relations  of  the  various  Copper  deposits  of  Lake  So- 
perior. 

6.  A  natural  Scale  of  Heights  hy  the  application  of  which  the  Meat^ 
.  ures  of  different  counlries  are  reduced  to  a  common  measure  known  to 
all  Geographers^  constructed  by  Miss  Colthitest. — Presented  to  the 
Royal  Geographical  Society,  by  G.  B.  Greenouoh,  V.  P.,  [and  by  him 
forwarded  to  us.] — The  standard  is  an  equatorial,  geographical  mile,  a  - 
fixed  quantity  universally  known  and  derived  from  the  figure  of  the 
earth  =6086*78  English  feet  Five  of  these  miles  being  divided  each 
into  100  parts  or  degrees,  give  a  scale  of  600  degrees  each  of  which 
is  equal  to  60|^  English  feet. 

The  measures  of  different  countries  are  arranged  separately  in  par> 
allel  vertical  columns,  each  with  its  own  caption ;  and  adjoining  each 
on  the  left,  is  the  scale  derived  from  the  centesimal  division  of  the  geo- 
graphical miles,  and  the  corresponding  numbers  or  lines  denote  the 
values  of  the  different  measures. 

6.  The  East ;  Sketches  of  Travel  in  Egypt  and  the  Holy  Land ;  bj 
the  Rev.  J.  A.  Spencer,  M.A.  With  illustrations  from  original  draw^ 
ings.  G.  P.  Putnam,  New  York.  pp.  503,  8vo,  in  cloth,  gilt  1850. — 
As  the  physical  features  of  these  countries  form  a  prominent  topic  in 
this  agreeable  and  instructive  volume  of  travels,  it  may  be  properly 
mentioned  in  this  Journal.  It  follows  with  advantage  after  the  more 
elaborate  works  from  which  it  quotes  and  sometimes  dissents.  Its 
moral  tendency  is  excellent,  although  its  amiable  author  in  his  winding 
up  has  oAen  viewed  objects  through  a  colored  medium,  and  his  du« 
merous  apologies  seem  to  us  uncalled  for.  We  have  derived  both 
pleasure  and  useful  information  from  the  perusal,  and  can  cordially 
commend  it 

7.  Man  Primeval^  or  the  Constitution  and  Primitive  condition  of  the 
human  beings  Sfc, ;  by  John  Harbis,  D.D.,  President  of  Cheshunt  Col- 
lege, England.  Reprint  by  Gould,  Kendall  and  Lincoln,  Boston,  pp. 
4^),  cloth.  1850. — Although  this  new  work  of  Dr.  Harris  is  a  cootribu* 
tion  to  theological  science,  it  has  like  its  predecessor,  **  The  Pre-«d- 
amite  Earth,'*  by  the  same  author,  such  intimate  relations  to  geology, 
and  like  that  work,  it  presents  such  enlarged  and  just  views  of  science, 
that  it  is  entitled  to  respectful  mention  in  this  Journal. 

8.  A  Systematic  Treatise^  Historical^  Etiological  and  Practical^  on 
the  Principal  diseases  of  the  Interior  valley  of  North  America ;  as  they 
appear  in  the  Caucasian^  African^  Indian  and  Esquimaux  varieties  of 
its  Population ;  by  Daniel  Drake,  M.D.  878  pp.  8vo :  Cincinnati, 
Ohio,  1850.  Winthrop  B.  Smith  6c  Co.,  Publishers,  Philadelphia. — ^Thia 
very  elaborate  work  treats  first,  of  General  Etiology,  pp.  701 ;  and 
secondly,  of  the  Febrile  diseases  of  the  region,  pp.  703-863.    In  Book  I, 
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there  are  chapters  od  the  topography^  hydrography,  and  geological  out- 
line of  the  great  western  valley ;  on  the  hydrographical  basin  of  the  Gulf 
of  Mexico,  its  currents,  tides,  temperature,  £c. ;  on  the  special  medi- 
cal topography  of  places  along  the  coasts  of  the  Gulf  of  Mexico;  the 
delta  of  the  Mississippi,  and  river  above,  with  the  regions  east  and  west 
of  the  river,  and  the  basin  of  the  Ohio,  Alleghany  and  other  tributary 
streams,  tho  basins  of  the  St.  Lawrence  and  Great  Lakes,  and  the  Hud- 
son and  Arctic  hydrographical  basins.  Next  the  author  treats  at  length 
of  the  temperature  of  the  different  basins,  barometrical  character,  winds, 
rain,  electrical  phenomena,  and  whatever  can  have  a  bearing  upoo 
health.  He  then  passes  to  the  subject  of  population,  its  distribution  and 
character,  modes  of  life,  diet,  use  of  alcohol  and  tobacco,  clothing,  oc- 
cupations or  pursuits.  Book  second  contains  full  descriptions  of  the 
various  diseases,  as  to  their  many  forms  and  symptoms  and  modes  of 
.  treatment. 

Dr.  Drake  is  undoubtedly  the  most  able  man  in  America  for  so 
difficult  a  task.  It  is  well  known,  he  has  for  many  years  investigated 
the  subject  with  characteristic  ardor,  and  in  the  research  has  personally 
visited  all  parts  of  the  West  and  South,  making  at  many  places  anxious 
and  laborious  observations — medical,  statistical  and  physical. 

9.  Transactions  of  the  Society  of  ArU  for  1846-7  and  1847-8. 
1847, 1849. — The  Society  of  Arts  commenced  in  1847,  a  new  series 
of  their  publications,  and  have  issued  Parts  1  and  2  of  the  first  volume. 
These  transactions  are  elegant  in  style  of  typography  and  illustration, 
abounding  io  colored  plates  of  great  interest  and  beauty,  and  the  me* 
moire  are  valuable  contributions  to  the  Arts.  They  treat  of  carving, 
cameo  making,  steam  boilers  and  locomotives,  atmospheric  electricity, 
of  beauty,  artificial  lava  for  ornaments,  ancient  Greek  vases,  steam 
navigation,  lighthouses  and  beacons,  lithography,  ancient  and  modern 
bookbinding,  photography,  cotton  of  Honduras,  and  various  other  sub- 
jects of  general  interest. 

10.  A  Universal  Formulary^  containing  the  method  of  preparing  and 
administering  t^jicinal  and  oilier  Medicines^  the  whole  adapted  to  Phy* 
sieians  and  Pharmaceutists;  by  R.  Egolbsfeld  Griffith,  M.D., 
568  pp.,  8vo,  Philadelphia.  Lea  &  Blanchard. — The  Universal  Formu- 
lary of  Prof.  Griffith  has  the  completeness  which  its  title  implies,  and 
is  exceedingly  convenient  in  arrangement.  The  body  of  the  work  is  pre- 
ceded by  a  long  introduction  containing  comparative  tables  of  weights 
and  measures.  United  States  and  foreign,  explanations  of  abbreviations 
and  terms  in  use,  with  observations  on  the  management  of  the  sick 
room,  and  rules  for  the  administration  of  medicines.  The  formulary 
is  arranged  alphabetically,  according  to  the  pharmaceutic  nanries  adopt- 
ed in  the  United  States  pharmacopeia ;  the  English  appellations  of  ar- 
ticles are  used,  and  the  quantities  are  expressed  in  words  instead  of 
pharmaceutical  signs!  Copious  indexes  are  added  not  only  of  the  for- 
mulas, but  of  the  diseases  for  which  they  are  advised. 
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T.  A.  ComuD :  Descriptions  of  one  new  Cretaceous  and  seven  new  Eocene  Fossilt 
from  Georgia. — By  T.  A.  Conrad,  from  the  Journal  of  the  Acad.  Nat  Sci.,  Philad., 
'2],  ii,  put  1,  p.  89.     March,  1860.    1  species  are  Echinoderms  and  the  rest 
Tollaeca. 
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0.  B.  Adams  :  Monograph  of  VitrineUa,  a  new  genus  of  TurbinicUe,  with  new  spe- 
cies ;  by  C.  B.  Adams.  10  pp.  8vo.  Amherst,  Mass.  [Generic  description,  **  Testa, 
turbiniformi,  minimfi,  vitrei ;  aperturft  maximft,  orbicnlari,  snbtus  yalde  indentat&  vel 
nmbilicata." — Distinguished  by  the  Titreous  texture  of  the  shell,  and  the  rapid  en- 
largement of  the  whorls,  producing  a  larve  aperture.    Species  from  Jamaica.] 

0.  B.  Adams  :  Contributions  to  ConchoTogy,  Nos.  6  and  6.  82  pp.  8to.  Amherst 
— No.  5  contains  new  marine  and  terrestrial  shells  from  Jamaica.  No.  6,  a  memoir 
on  the  origin  of  the  terrestrial  molluscs  of  Jamaica ;  together  with  a  description  of 
a  new  genus  qf  Helicidie,  SpiraxU  ;  and  notes  on  certam  species  of  the  land  shells 
of  Jamaica  and  descriptions  of  supposed  new  species. — [Genus  Spinuds  b  described 
as  follows:  "  G.  t  parvi,  turritA;  oolumeM  medio  in  Isminam  spiralem  products : 
apertur&  ovali,  medio  partim  divisA :  labro  simplice.'*  The  Achatina  aberrcms  of 
Pfeiffer  is  supposed  to  be  identical  with  the  author's  Spirazis  aberrans.! 

John  W.  HsasoHEL :  A  Manual  of  Scientific  Enquiry,  prepared  for  tne  use  of  her 
Majesty's  Navy,  and  adapted  for  travelers  in  general ;  published  by  the  Lords  Com- 
missioners of  the  Admiralty;  488  pp.  12mo.    Londony  1849. 

W.  Baibd,  M.D.,  F.L.S. :  The  Natural  History  of  British  Entomostraca.  364  pp. 
8to,  with  36  lithographed  plates ;  published  by  the  Ray  Society. 

A  Sketch  of  the  Medical  Botany  of  South  Carolina ;  being  a  Heport  made  to  the 
American  Medical  Association  at  its  Sessions  in  Baltimore  and  Boston ;  by  Fran. 
Peyre  Porcher,  M.D.  (From  the  Trans,  of  the  Amer.  Med.  Assoc,  vol  II.)  Phila- 
delphia, 1849. 

8.  Chase,  Prof.  Math.  Dart.  ColL:  A  Treatise  on  Algebra,  386  pp.  12mo.  New 
York,  1849  ;  D.  Appleton  <fe  Co. 

Thb  AsTaoNOMTCAL  JooaNAL.  Nos.  5, 6.  March. — These  numbers  contain — Devel- 
opment of  the  Perturbative  Function  of  Planetary  Motion,  by  R  Peirce,  continued. 
— Observations  of  Astrsea  for  1847,  by  Prof.  S.  Hubbard. — On  unlimited  Spherical 
Triangles  and  their  solution,  by  Wm.  Chauvenet. — Ephemeris  of  Neptune ;  S.  C. 
Walker. — Observations  of  Astreae,  by  Mr.  James  Fercuson. 

PaooEBDiNGS  OF  THE  BosTON  Soc.  Nat.  Hist.  MAY,  1849. — p.  160.  On  Algerite, 
a  new  mineral;  Dr.  Bacon.'-p.  161.  New  shells  of  the  U.  S.  Exploring  Expeditioa 
(genera  Buccinum  and  Nassa) ;  A.  A.  Gould.  JUNE.~p.  168.  On  the  embryonic  de- 
velopment of  Campanularia ;  JDaor.  JULY. — p.  163.  Description  of  Percopsis  pellu- 
cida,  a  new  fish ;  i.  Thompson.  AUGUST. — p.  166.  On  the  epithelial  tissues ;  W.  J. 
Burnett. — p.  168.  Animalcules  in  blood ;  Burnett. — New  shells  of  the  Exploring  Expe- 
dition (genera Columbella,  Mitra, Conus);  A.  A.  OmUd.  SEPTEMBER.— p.  172.  On 
the  Esox  lucius  of  Richardson;  Ayret.-^jy,  176.  A  new  species  of  Helix,  (H.exifi:ua), 
found  near  Boston;  Stimpaon.  OCTOBER. — p.  178.  On  two  malformed  skuDs  of 
the  Cod ;  J.  Wyman. — p.  179.  On  the  Cranium  of  the  Troglodytes  gorilla;  /.  Wyman, 
— ^p.  181.  New  species  of  fish  of  the  genus  Polypterus,  from  West  Africa;  Ayrti. — 
p.  182.  Tooth  of  Troglodytes  gorilla;  /.  ITywan.— p.  182.  Scratched *rocks  of  the 
coast  of  Labrador;  J.  Wyman.—y.  183.  On  the  genus  Cottus;  Girard  NOVEM- 
BER.— p.  190.  On  some  peculiarities  of  AimeUcU;  Agauiz, — p.  191.  On  four  new 
species  of  Doris;  AgassU. — p.  192.  Skulls  of  female  Eel;  Ayres. — Cranium  of  a 
Manatee;  J.  Wginan. 

PaocEEDiNos  OF  THE  Ameeican  Philosophioal  SociETT,  V,  No.  44.  Oct,  Mardi, 
1860. — p.  108.  Observations  on  the  radiation  of  heat  by  air;  Henry. — p.  117.  On 
the  alleged  influence  of  the  moon  on  the  weather;  T.  Oilpin. — ^p.  126.  Remarks  on 
a  memou"  by  Delgado  on  the  disc  of  the  Emperor  Theodosius,  presented  to  the  So- 
dety  bv  the  Royal  Academy  of  Madrid;  Trego. — p.  127.  On  the  original  purchase 
of  fandf  m  Penn5»ylvania  and  the  celebrated  ••  Indian  Walk ;"  IVego.—^.  189.  Obscr- 
•vations  on  the  occultation  of  Jupiter  and  his  Satellites,  Feb.  26, 1860 ;  KendaU. 

Peocxkdinqs  of  the  Academy  of  Natueax.  Sciences  of  Philadelphia,  1849,  No. 
xii,  vol  iv.— p.  146.  Letter  on  the  "Snow-bug." — p.  247.  An  article  on  two  species 
of  Dktoma,  by  J.  Leidy^,  read  and  to  appear  in  the  Journal. — p.  248.  An  article  br 
Le  Conte,  on  the  Longicom  Coleoptera  of  the  part  of  America  north  of  Mexico,  read, 
atKl  to  appear  irf  the  Journal — ^p.  249.  On  new  Entophyta ;  /.  Leidy. — lihe  number 
doses  with  different  Reports  reUting  to  the  Academy.  January^  February^  1860, 
Vol  V,  Na  L — p.  6.  Report  on  the  Progress  of  Entomology  in  the  United  States 
during  the  year  1849 ;  8.  8.  JIaldeman. — p.  7,  8.  On  Entophytes;  J.  Leidy. — ^pi  la 
New  fresh-water  Shells  (received  in  exchange  from  the  Australian  Museum);  T.  A. 
Conrad,  (10  species  of  the  genera  Unio,  Paludina,  Physa,  Melania,  Lymntea). 
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A. 
Academy  of  Natural  SciencM,  Philadelphia, 

l»roceedingt  of,  152,  310,  45d. 
Acid,  boracic,  in  lagoons  of  Tuscany,  431. 

, ,  influence  in  vitrification,  305. 

— -»  butyric,  in  fruite  of  the  soap  tree,  116. 

1  niinc,  action  on  woody  fibre,  20. 

»— »  Ditroot,  ettiniaiion  of,  114. 

i  pectic,  21,  23. 

»— »  Porier^s  new,  resembling  pectic,  23. 
— -,  preparation  of  bydro<bromic  and  hydri- 

odic,  421. 
,  separation  of  butyric,  valerianic  and 

acetic,  419. 

—  Springs,  analyses  of  water  of,  123. 
-^— ,  succinic,  preparation  of,  from  roalate 

of  lime,  1 17. 
Adams,  C.  B.,  contributions  to  Conchology, 

133. 
Agassiz,  I..,  Lake  Superior,  noticed,  309, 455. 
— ,  on  the  relations  between  animals  and 

the  elements  in  which  they  live,  369. 
Aleurodes  abuiilunea,  108. 

corni,  109. 

Alkaline  springs,  123. 

Altam  and  Bartenbach,  on  the^  extraction  of 

S^ld  from  the  copper  ores  of  Chessy  and' 
oin-Bel,  297.  I 

Alumina,  nitrate  of,  33.  { 

— — ,  separation  of,  from  phosphoric  acid,  283.: 
Amby stoma  roacrodactyla,  A.  mavonia,  A. 

episcopus,  138. 
American  Academy  of  Arts  and  Sciences, 

memoirs  of,  311. 
Almanac,  1850,  noticed,  151. 

—  Association  for  the  Advancement  of 
Science,  Charleston  meeting  of,  453. 

— ^  proceedings  of,  453. 

-^—  Philosophical  Society,  proceedings  of,' 
152,  458. 

— -  prime  meridian,  184. 

diseases,  Drake* g  work  on,  456. 

Amitus  aleurodinus,  110. 

— -,  a  new  genus  of  insects,  109. 

Ammonia,  amount  of,  in  the  atmosphere,  115. 

Ammonias,  on  compound,  by  A.  Wurtz^  281. 

Analogy,  Kirkwood's,  in  the  periods  of  plan- 
ets, 395. 

Analyses  of  the  ash  of  potatoes,  oats  and 
hoy,  20. 

Analysis  of  a  calculns  from  the  bladder  of  a 
whale,  118. 

-— »  of  Lancosterite,  216. 

— —  of  manganese  spar,  410. 

of  Mannite,  285. 

of  Danburite,  286. 

—  of  several  minerals,  83. 

— -  of  Mineral  springs  in  Canada,  266. 

of  Oak  Orchard  acid  spring  water,  Ala< 

bama,  Genesee  Co.,  N.  Y.,  449. 


Analysis  of  Schorlomite,  429. 

of  Schuylkill  water,  by  Af.  H.Bo^  128. 

of  Vermiculite,  422. 

Anemoroetry,  contributions  to,  146. 
Aneroid  barometer,  examined  by  Lovering, 

249. 
Animals,  the  relation  between  them  and  tiit 

elements  in  which  they  live,  369. 
Anisole  and  salicylic  ether,  by  A.  Cahcrnn^ 

279. 
Annual  of  Scientific  Discovery,   by  Geo. 

BliM,  Jr.,  and  David  A.  WeU$,  309, 454. 
Arsenic  in  the  deposit  from  mineral  waters, 
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Abt.  I. — Review  of  the  Geological  Report  &n  the  Chippewa 
Land  District  of  Wisconsin  and  part  of  lowa^  made  in  the 
year  1847,  under  the  direction  of  D,  D.  Owen^  AI.D.,  U.  S. 
Geologist  for  Wisconsin  and  Iowa. 

In  our  last  volume  we  gave  a  brief  notice  of  a  geological  sur- 
vey of  the  Chippewa  Land  District  of  Wisconsin  and  a  part  of 
Iowa ;  made  under  instructions  from  the  Secretary  of  the  Treas- 
ury of  the  United  States  and  conducted  by  Dr.  D.  D.  Owen  as 
principal  Geologist  aided  by  Dr.  J.  G.  Norwood  as  Assistant  Geol- 
ogist, and  by  the  following  gentlemen  who  conducted  the  opera- 
tions of  the  sub-corps:  Dr.  A.  Litton,  Dr.  B.  F.  Shumard,  Mr. 
B.  C.  Macy,  Mr.  John  Evans  and  Mr.  A.  Randall. 

We  propose  in  the  present  number  to  give  a  further  brief  re- 
view of  that  report  setting  forth  the  general  and  most  important 
results. 

The  report  now  before  us  contains  only  an  account  of  the  field 
operations  of  the  U.  S.  Geological  corps  engaged  in  the  above 
district  during  the  summer  and  autumn  of  1847,  and  is  therefore 
only  the  commencement  of  the  work  continued  in  1848  and  1849. 

The  situation  and  extent  of  the  country  examined  is  given  on 
page  8  of  the  report  as  follows : 

^'  The  seat  of  operations  of  the  party  appointed  to  explore  the 
mineral  lands  of  Wisconsin  and  a  portion  of  Iowa  was,  during 
the  summer  and  autumn  of  1847,  in  a  portion  of  country  lying 
chiefly  east  of  the  Upper  Mississippi  above  Lake  Pepin,  and  ex- 
tending north  to  Lake  Superior.  There  was,  however,  also  in- 
cluded a  portion  of  Iowa,  stretching  north  from  the  northern 
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boundary  of  the  geological  survey  of  1839,  as  far  as  the  St.  Pe- 
ter's river ;  and  also  a  tract  of  country  north  of  the  Wisconsin 
river.  The  principal  streams  which  water  it  are  Black  river,  the 
Chippewa,  and  the  St.  Croix,  flowing  southerly  into  the  Missis- 
sippi ;  Man vaise- Riviere,  (Bad  river,)  and  Bois  Brul6,  (Burnt  Wood 
river,)  falling  into  Lake  Superior;  and  Turkey  river,  Upper  Iowa, 
Hokah,  Miniska,  Wazi  Oju,  Cannon,  YemQillion,  and  a  portion  of 
St.  Peter's  flowing  eastwardly  into  the  Mississippi.  It  compre- 
hends so  much  of  the  Chippewa  land  district  as  lies  within  the 
boundaries  proposed  for  the  State  of  Wisconsin,  the  southern 
part  of  the  country  bordering  on  the  Kickapoo,  together  with 
the  chief  part  of  the  Winnebago  reserve,  the  half  breed  tract  and 
a  strip  of  the  Sioux  country  west  of,  and  adjacent  to,  the  Missis- 
sippi, and  reaching  north  to  the  St.  Peter's. 

"  It  lies  between  43^  and  47°  north  latitude,  and  between  89° 
and  94°  of  longitude  west  of  Greenwich,  and  embraces  about 
forty-six  thousand  square  miles  of  surface." 

In  addition  to  the  general  reconnoissance  made  of  the  above  re- 
gion of  country,  a  detailed  survey  was  made  of  about  thirty  town- 
ships, west  of  the  4th  P.  M.  on  Black  river  in  latitude  44°  30', 
and  about  sixty  townships  on  the  St.  Croix  river  in  latitude  45°. 
Nineteen  sections  have  been  constructed  by  Dr.  Owen  and  the 
other  gentlemen  of  the  corps  at  the  most  important  points  on  the 
Mississippi,  and  six  on  the  St.  Croix  arranged  in  such  a  manner 
as  to  form  a  diagram  of  comparative  heights,  not  only  of  the 
outline  of  the  country,  but  also  of  the  principal  members  of  the 
prevailing  geological  formations.  One  continuous  section  extends 
from  the  mouth  of  the  Wisconsin,  where  the  survey  of  1839  ter- 
minated, to  the  Palls  of  St.  Anthony ;  one  from  the  Mississippi 
to  the  Falls  of  the  St.  Croix ;  one  from  the  mouth  of  the  St 
Croix  to  the  Palls  of  St.  Anthony  on  a  more  extended  scale  than 
that  appended  to  the  general  Mississippi  section ;  one  from  Lake 
Superior  to  Portage  Lake ;  one  from  the  head  waters  of  Wiscon- 
sin river  to  the  Dalles  of  that  river ;  one  from  Lake  Superior  to 
the  Falls  of  the  St.  Louis  river;  one  from  Lake  Superior  along 
the  4th  P.  M.  to  Black  river,  and  thence  to  the  Mississippi ;  one 
along  the  correction  line  from  the  4th  P.  M.  to  the  Mississippi ; 
one  from  the  Kinikinick  in  a  southwest  direction  across  the  St. 
Croix.  Also  a  particular  section  at  the  Falls  of  St.  Anthony. 
Diagrams  of  summit  levels  show  the  relative  elevation  of  ground 
between  the  Mississippi  and  Lake  Superior  in  three  diflerent  di- 
rections. 

Several  of  the  above  sections  are  so  contrived  with  landscape 
back  ground,  as  to  present  not  only  the  natural  exposure  of  rock, 
but  also  the  general  outline  and  appearance  of  the  country 
through  which  the  sections  run. 
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The  report  is  also  illustrated  by  a  provisional  geological  chart 
showing  the  approximate  boundaries  of  formations;  and  by 
twenty-three  sketches  exhibiting  the  geological  features  of  the 
landscape. 

The  geology  of  the  district  is  described  under  the  following 
heads: 

1.  Formations  of  the  Upper  Mississippi. 

2.  Formations  of  Red  Cedar  river  and  the  Winnebago  reserve. 

3.  Formations  of  the  interior  of  the  Chippewa  Land  District. 
4  Formations  of  Lake  Superior. 

6.  Drift 

In  our  notice  of  these  topics  we  must  necessarily  confine  our- 
selves to  leading  results. 

It  appears  that  the  Upper  Mississippi  country  north  of  the  Wis- 
consin river  to  within  a  short  distance  of  the  mouth  of  the  St. 
Peter's,  is  based  on  the  magnesian  limestones  and  sandstones  older 
than  the  lowest  of  the  formations  of  the  valley  of  the  Ohio ;  a 
portion  of  them  being  cotemporaneous  with  the  calciferous  group 
and  Potsdam  sandstone  of  the  New  York  survey. 

The  portion  of  the  report  relating  to  these  formations,  which 
will  be  read  with  peculiar  interest,  is  that  which  relates  to  the  fos- 
siliferous  beds  of  these  formations,  since  hitherto  they  have  been 
regarded  as  almost  barren  of  organic  relics. 

The  results  of  this  survey  seem  to  show  that  it  is  to  this  por- 
tion of  the  United  States  that  we  must  look  to  throw  most  light 
on  the  earliest  organic  forms. 

On  this  subject  we  find  on  page  14  the  following  paragraph  : 

'^  If  we  except  the  white  sandstone  the  terminating  mass  of  F. 
1  e,*  the  one  upon  which  the  lowerf  magnesian  limestone  (F.  2) 
rests,  nothing  definite  was  known  up  to  the  period  of  the  present 
survey,  of  the  nature  or  character  of  the  underlying  beds  just  de- 
scribed. Neither  had  any  well  defined  organic  remains  been  de- 
scribed anywhere  beneath  the  grey  and  blue  fossiliferous  beds 
which  form  the  upper  portion  of  the  sections  at  Prairie  du  Chien  ; 
so  that  there  was  an  entire  absence  of  all  palseontological  evi- 
dence as  to  the  exact  place  which  these  strata  occupied  in  the 
geological  series.  It  is,  therefore,  with  no  small  degree  of  satisfac- 
tion that  I  find  myself  able,  from  the  observations  of  last  summer, 
to  disclose  a  new  feature  in  the  palaeontology  of  Western  America, 
and  thus  to  furnish,  not  only  to  the  geologist,  a  key  to  the  strat- 
igraphical  position  of  the  rocks  north  of  the  Wisconsin  river,  but, 
at  the  same  time,  to  the  miner  his  surest  and  safest  guide  by 
which  to  direct  operations  in  the  search  after  mineral  wealth. 

*  The  lowest  bed  at  the  mouth  of  the  Wisconsin  river. 

f  In  contradistinction  to  the  upper  magnesian  limestone,  the  lead  bearing  rock  of 
the  Mineral  Point  District.    Se  report  of  1S89. 
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"  More  than  one  half  of  the  above  series,  supposed  at  first  to  be 
quite  barren  of  all  organic  forms,  has  already  been  proved  fossil- 
iieroiis,  and  subsequent  search  will  no  doubt  develop  others. 

'^It  is,  moreover,  worthy  of  remark  that  the  most  fossiliferous 
portion  of  F.  1  is  not  its  upper  part,  but  beds  which  lie  quite  low 
down,  even  seven  to  eight  hundred  feet  beneath  what  was,  up  to 
this  time,  considered  the  limit  of  the  fossiliferous  strata  of  the 
Mississippi  valley.  Yet  these  strata  prove  to  be  as  densely  crowd- 
ed with  organic  relics  as  any  of  the  most  fossiliferous  strata  of 
the  blue  limestone  of  Ohio,  Indiana,  and  Kentucky.  The  pro- 
portion of  genera  and  species,  it  is  true,  is  not  great,  but  the  num- 
ber of  individuals  is  immense ;  some  slabs  are  so  covered  with 
shells,  that  it  would  be  difficult  to  place  the  finger  on  a  spot  with- 
out touching  some  of  them.  The  prevalent  genera  are  Lingulas 
and  Orbiculas ;  yet  associated  with  these  are  some  remarkable 
forms  of  crustaceans.  The  specimen  figured  on  PI.  7,  fig.  1,  is 
the  pygidium  of  a  peculiar  trilobite,  armed  with  spinous  processes 
projecting  from  its  posterior  margin.  I  obtained  it  in  thin  bedded 
silico-calcareous  layers  near  the  level  of  low  water  mark  below 
Mountain  Island,  in  connection  with  schistose  gritstones.  The 
latter  are  charged  with  very  perfect  specimens  of  a  small  fossil 
shell  having  a  nacreous  lustre  closely  allied  to  Obolue  ApoUinis  of 
Eichwald,  which  are  found  by  thousands  in  the  inferior  sand- 
stones of  the  protozoic  strata  of  Russia.  Associated  with  these 
shells  are  also  found  remarkable  compressed  sub-conical  bodies, 
the  nature  of  which  I  have  not  fully  determined;  but  they  are, 
perhaps,  spines  of  much  larger  trilobites  than  the  one  represented 
on  PL  7,  P.  I.  Yet  these  beds  are  identical  with  layers  near  low 
water  at  Mountain  Island,  entirely  beneath  a  Lingula  sandstone 
which,  in  all  probability,  is  the  western  equivalent  of  the  Lingula 
beds  of  the  New  York  Potsdam  sandstone,  considered  by  most 
American  geologists  the  oldest  fossiliferous  rock  in  the  United 
States.  The  imbedded  species  of  each  seem  the  same,  as  far  as 
one  can  judge  from  mere  casts.  At  a  little  higher  geological  level, 
between  Prairie  a  la  Crosse  and  Bad  Axe,  I  obtained  numerous 
casts  of  Orthis  in  an  impure,  dark,  flesh-colored,  calcareous  rock, 
associated  with  bucklers  of  a  species  of  trilobite,  which  appears 
to  be  new.  In  a  similar  rock,  near  the  foot  of  La  Grange  moun- 
tain, I  also  observed  casts  of  Delthyris  beneath  green  sandstone. 
(F.  Ic.) 

"  About  the  same  geological  horizon,  in  an  argillo-calcareOus 
rock,  near  the  level  of  the  head  of  Lake  St.  Croix,  is  a  very  large 
species  of  Asaphus,  the  buckler  and  post-abdomen  of  which  is 
figured  on  PI.  7,  Pig.  2  and  3.  Pinally,  at  Marine  Mills,  ten 
miles  above  Lake  St.  Croix,  only  eighteen  or  twenty  feet  higher, 
viz. :  in  P.  1  e,  in  a  soft  gritstone,  are  abundance  of  bucklers  and 
post-abdomens  of  small  trilobites,  possessing  some  analogies  in 
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form  to  the  g^nem  Agnoatus,  TrinucleuSf  and  Triarthrus,  (see  PI. 
7,  Fig.  4,)  and  probably  belonging  to  more  than  one  species ;  one 
of  which  seems  to  have  been  provided  with  spines,  at  least  two 
iDches  in  length,  curved  at  the  extremity  into  the  form  of  a  bar- 
bed fish  hook.  Fig.  5,  PI.  7,  represents  one  of  these,  found  by 
Mr.  B.  C.  Macy  near  the  mouth  of  Miniskah." 

Speaking  of  the  distinction  between  the  Imoer  and  upper  mag- 
nesian  limestone  formations  of  the  Upper  Mississippi,  Dr.  Owen 
remarks,  page  19 : — 

"  The  traveller  who  has  visited  the  Upper  Mississippi  cannot 
fail  to  have  remarked  the  peculiar  outline  of  hill  that  bounds  the 
prospect  on  either  side  of  this  picturesque  portion  of  that  majes' 
tic  river.  He  must  especially  have  noticed  the  /conspicuous  per- 
pendicular walls  of  rock,  that  rise  from  out  the  grassy  slope,  or 
green  copse  wood,  in  massive  cliflTs,  and  terrace  the  heights  as 
wi%h  interrupted  natural  battlements  from  the  Maquoketa  river  to 
Lake  Pepin.  It  is  not,  however,  until  the  geology  of  the  country 
has  been  closely  inspected,  that  he  is  able  to  discover  that  the 
hills  which  present  themselves  to  view  below  Turkey  river  do  not 
belong  to  the  same  geological  era  as  those  which  appear  above  the 
mouth  of  that  stream.  Nay,  so  uniform  are  they  in  their  general 
aspect,  that  the  miner  himself,  who  has  spent  the  best  part  of  his 
days  in  excavating  and  exploring  their  recesses,  is  wont  to  regard 
them  as  identical.  So  they  are,  looking  only  to  their  chemical  com- 
position. Both  are  limestones,  highly  magnesian,'*^  in  heavy  beds, 
of  great  compactness  and  durability ;  but  they  are  separated  from 
each  other  by  from  one  hundred  and  fifty  to  two  hundred  feet  of 
other  strata,  the  upper  hundred  feet  of  which  teem  with  peculiar 
races  of  fossil  forms,  constituting  a  distinct  geological  epoch,  and 
marking  a  long  lapse  of  time  that  has  intervened  between  the  pe- 
riod of  deposition  of  these  limestones.  In  my  former  report  I 
have  designated  them  the  "lower"  and  "upper"  magnesian  lime- 
stones of  Wisconsin  and  Iowa.  This  distinction,  as  will  appear 
more  fully  hereafter,  is  of  the  first  importance  in  drawing  conclu- 
sions regarding  the  mineral  value  of  the  country  I  have  been  in- 
structed to  explore. 

"All  the  conspicuous  escarpments  of  magnesian  1  imestone,  south 
of  Turkey  river,  are  composed  of  the  upper  of  these  formations, 
whilst  all  those  north  of  Wisconsin  river,  as  far  as  Lake  Pepin, 
are  of  the  lower. 

"  An  inspection  of  hand  specimens  is  in  general  not  sufficient  to 
enable  even  the  geologist  to  determine  from  which  of  these  mag- 
nesian limestone  formations  it  has  been  taken,  so  like  are  the  two 
in  general  aspect.     Viewed  on  a  large  scale,  however,  some  dis- 

*  Hie  proportion  of  carbonate  of  magneaia  yariea  from  10  to  42  per  eent 
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tincti\re  peculiarities  can  be  observed ;  the  lower  magnesian  lime- 
stone has  both  in  its  upper  and  lower  portion  often  oolitic  beds 
interstratified ;  it  has  occasionally  green  particles  disseminated 
through  it,  and  on  the  whole  is  rather  more  compact  and  darker 
colored.  The  only  certain  methods,  however,  of  determining  to 
which  of  these  formations  any  given  rock  belongs,  is  to  note  the  or- 
der of  superposition ;  or,  still  belter,  to  determine  the  nature  of  the 
imbedded  organic  remains,  which  differ  materially  in  the  two."* 

One  of  the  most  important  results  of  the  survey  is  the  estab- 
lishment of  the  fact  that  the  lower  magnesian  limestone  as  well  as 
the  upper,  is  metalliferous,  yielding  both  galena  and  copper  ore  sim- 
ilar to  that  found  south  in  the  Mineral  Point  District  in  the  upper 
magnesian  limestone.f  It  appears,  however,  as  yet  a  matter  of 
doubt  whether  these  ores  will  be  found  in  as  rich  profusion  in  the 
northern  part  of  Wisconsin  as  in  the  Mineral  Point  and  Du  Buque 
Districts. 

The  lower  sandstones  of  the  Upper  Mississippi  were  found  to 
attain  their  greatest  elevation  and  development  a  few  miles  below 
Mountain  Island,  or,  as  it  is  known  to  the  French  Canadian, 
"  Montagne  qui  trempe  a  Peau.^^X  From  thence  with  some  few 
irregularities,  as  indicated  by  the  diagram  of  comparative  heights, 


*  The  paragraphs  describing  in  a  graphic  manner  the  physical  features  of  tiiis 
xnagnesian  limestone,  are  cited  in  our  last  volume  on  pafe  807. 

f  In  confirmation  of  the  correctness  of  the  statistics  collected  in  1889  and  inserted 
in  the  geological  report  for  that  year,  regarding  the  produce  of  the  lead  mines  situ- 
ated in  the  upper  magnesian  limestone  of  the  Mineral  Point  and  Du  Buque  Districts 
of  Northern  Illinois,  Dr.  Owen  has  appended  to  the  present  report  a  taUe  of  the 
actual  recorded  shipments  of  lead  from  Galena  from  February  to  December,  in  the 
years  1841,  2,  8,  4,  5,  6  and  7,  as  furnished  to  him  by  Mr.  James  Carter,  banker  at 
Gkdena,  Illinois.    It  is  as  follows : 


Monthi. 


February. . , 

March 

April , 

May 

June 

July 

August  . . . 
September 
October ... 
November. 
December . 

Total . . . 


First  arrival  of 
steamboats . . 

Iiast  departure  of 
steamboats  . 


Pigs  lead,   Pigs  lead,   Pigs  lead,    Pigs  lead,  Pigs  lead,  :  Pigs  lead, 
1841.  1842.  1843.  1844.     1      1845.     |     1846. 


4,080 
91,296 
91,238 
67,110 
68,820 
87,267 
16,092 
46,286 
50,640 


80,126 
65,080 
46,615 
87,959 
54,436 
43,250 
89,081 
54,941 
26,472 


452,814    447,869 


March22  March  9 
Nov*r.22Nov'r.l6 


73,449 
122,224 
74,476 
77,338 
67,233 
45,400 
67,473 
33,734 


561,321 


April  10 
N'ov'r.26 


78,636 
82,737 
89,982 
80,784 
66,699 
65,200 
54,208 
63,072 
53,288 


I     6.287 

;  97,746 

|l04,658 

I  98,628 

t  87.068 

68,153 

107,957 

68,424 

78,887 

71,767 


624,601 


28,841 

126,078 

142,489 

118,209 

88,659 

60,257 

68,827 

71,668 

54,291 

1,500 


778,460   780,714 


March  6  Feb.  26  jMaichlO 

I 
Nov'r.2lNov'r.23Dec    2 


PSgsIead, 
1847. 


15,669 

82,231 

119,891 

186,0S4 

110,383 

61,462 

67,761 

68,825 

66.873 


771,679 


March  29 


As  a  pig  of  lead  will  weigh,  on  an  average,  70  pounds,  it  appears  from  the  above 
table  that  the  annual  produce  has  varied,  in  the  last  seven  years,  from  nearly  thirty- 
two  millions,  to  upwards  of  fiftv-four  millions  of  pounds. 

X  Literally,  the  Mountain  which  soaks  in  the  water. 
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the  strata  gradually  decline ;  so  that  at  Red  Rock  the  fossilifer- 
ous  shell  limestone  and  underlying  incoherent  white  siliceous 
sandstone,  which  crowned  the  hills  bordering  on  the  lower  Wis- 
consin river,  and  which  soon  ran  out  after  passing  Prairie  du 
Chien,  were  again  in  place,  forming  the  table  land.  Gradually 
increasing  in  thickness  towards  St.  Paul's  and  Carver's  Cave, 
these  beds  form  there  the  entire  mural  ledges  above  the  waters  of 
the  Mississippi  and  constitute  the  escarpment  of  Fort  Snelling, 
as  well  as  at  the  Falls  of  St.  Anthony.  Five  or  six  miles  above 
this,  these  and  indeed  all  the  protozoic  strata,  are  seen  for  the 
last  time  in  ascending  the  Mississippi,  being  lost  under  the  drift 
deposits  which  cover  all  the  rocky  strata  from  view  to  the  vicin- 
ity of  the  Sank  Rapids  where  the  granite  protrudes. 

In  regard  to  the  physical  features  of  the  celebrated  country  be- 
tween the  mouth  of  the  St.  Peter's  and  the  Falls  of  St.  Anthony, 
we  extract  the  following : 

"  The  Falls  of  St.  Anthony  are  at  present  seven  miles  from  the 
mouth  of  St.  Peter's  river.  It  is,  however,  more  than  probable 
that  they  once  occupied  a  position  at  or  near  Fort  Snelling. 
Of  course,  little  evidence  can  be  gathered  of  the  rate  of  wearing, 
from  actual  observation  of  the  inhabitants  recently  settled  there, 
but,  judging  from  the  condition  of  the  strata  themselves,  there 
must  have  been  a  rapid  retrocession.  The  cement,  which  holds 
together  the  particles  of  the  St.  Peter's  sandstone,  is  so  slight  that 
it  is  with  difficulty  a  solid  specimen  can  be  obtained.  Yet  this 
is  the  rock,  with  a  covering  only  of  fifteen  or  twenty  feet  of 
schistose  limestone,  to  protect  it  from  the  swift  current  of  the 
Mississippi,  which  forms  the  base  of  the  falls. 

"  The  confused  heaps  of  disjointed  masses  of  limestone,  piled 
together  below  the  falls,  indicate  the  undermining  action  in  pro- 
gress. The  inclined  position,  too,  of  the  ledges  of  limestone 
there,  for  several  hundred  yards  above  the  chute,  contrary  to  the 
local  dip,  has  mostly  been  produced  by  the  water  which  sweeps 
over  them,  entering  the  extensive  rents  which  run  across  the  strata 
at  this  place,  and  gradually  washing  out  the  particles  of  sand 
upon  which  these  ledges  repose,  thus  allowing  them  gradually  to 
sink,  and  causing  huge  blocks  to  become,  from  time  to  time,  de- 
tached and  precipitated  into  the  rapids  beneath.  In  this  way  the 
fall  will,  probably,  after  a  lapse  of  time,  be  converted  into  a  rapid. 
For,  in  proportion  as  the  fall  shall  recede,  the  sandstone,  by  rea- 
son of  its  dip,  will  diminish  in  thickness,  and  at  length  disappear 
beneath  the  river  bed.  From  observations  of  the  dip  at  the  falls, 
this  latter  contingency  will  occur  when  the  fall  has  been  worn 
back  some  six  or  seven  miles  from  its  present  position. 

**  There  can  be  little  doubt  that  the  rate  of  erosion  at  the  falls 
of  St.  Anthony  must  be  more  rapid  than  at  the  falls  of  Niagara, 
since  the  soft  sandstone  of  the  former  locality  is  more  easily 
washed  away  than  the  Niagara  shale.  ..^.^.^^^  ^^  Google 
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"  On  the  brink  of  the  gorge,  near  Port  Snelling,  no  fluTiatfle 
remcdns  have  been  yet  found  at  a  height  where  the  waters  may 
be  supposed  to  have  flowed  in  former  times ;  but  Dr.  Shumard, 
who  was  instructed  to  collect  evidence  of  any  ancient  river  de- 
posits at  a  higher  level,  observed  over  the  limestone  at  the  falls 
a  bed  of  drift  of  about  eleven  feet  in  thickness,  and  resting  on 
that,  a  bed  of  sand  containing  species  of  Cydas^  LimniBa,  Physa 
and  Planorbii^  and  this  deposit  he  traced  on  to  the  same  level 
for  nearly  half  a  mile  below  the  present  position  of  the  falls. 

"  The  same  gentleman  also  observed,  half,  a  mile  below  the 
falls,  and  about  a  quarter  of  a  mile  east  of  the  gorge,  on  rising 
ground  over  which  runs  the  trail  to  St.  Palirs,  a  white  mart 
charged  with  the  same  genera  of  shells,  but  of  different  species. 

"  The  former  of  these  deposits  is  doubtless  of  fluviatile  origin, 
and  affords  evidence  of  the  river  having  flowed,  for  a  short  dis- 
tance at  least  above  the  gorge ;  the  latter  seems  to  be  a  lacustrine 
deposit,  the  bottom  of  some  drained  lake,  of  which  there  are  nu- 
merous instances  in  the* Chippewa  land  district. 

''If  we  except  these  beds  and  the  underlying  drift,  no  forma- 
tions of  more  recent  date  than  the  shell  limestones  of  St.  Peter's 
were  observed  along  the  Mississippi  from  the  Wisconsin  river  to 
the  Falls  of  St.  Anthony.  This  statement  will  apply  also  to  the 
country  east  of  the  Mississippi,  as  far  as  the  water-shed  between 
that  stream  and  Lake  Superior,  except  along  the  valley  of  the 
St.  Croix  above  the  falls."— pp.  31,  32. 

The  2d  Chapter  contains  a  description  of  the  geological  forma- 
tions of  the  Winnebago  Reserve,  a  tract  of  country  in  Iowa  lying 
between  lat.  43°  and  43°  3(y,  extending  on  the  west  side  of  the 
Mississippi  as  far  as  long.  93°  30^  Until  the  autumn  of  1848 
the  Winnebago  Indians  occupied  this  neutral  ground  between  the 
white  settlements  and  the  Sank  and  Foxes;  when  the  former 
tribe  were  removed  to  the  Two  River  country  above  the  Sank 
Rapids. 

The  principal  streams  whinh  water  the  Winnebago  Reserve 
are :  Turkey,  Upper  Iowa,  and  Red  Cedar.  It  was  along  these 
streams  that  the  examinations  were  chiefly  directed. 

We  learn  from  the  report  that  along  that  part  of  Turkey  river 
which  meanders  near  the  southern  line  of  this  Reserve  tract,  fos- 
siliferous  limestones,  of  the  same  age  as  those  above  the  second 
terrace  at  Prairie  du  Chien,  form  low  ledges  crested  with  cedars 
and  surmounted  by  a  green  slope  from  which  the  upper  magne- 
sian  limestone  rises  in  fantastic  shaped  cliffs. 

Ascending  the  same  river  to  the  Indian  Agency  and  Fort  At- 
kinson, the  strata  gradually  rise.  At  the  former  locality,  the  ele- 
vated ground  usually  presents  a  mural  cliff  of  from  fifty  to  sixty 
feet  high,  resting  on  table  land,  the  elevation  of  which  above 
Turkey  river  is  about  one  hundred  and  forty  feet.    Here  and 
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there  are  also  isolated,  mound-like  hills,  nearly  flat  on  the  top  and 
•o  synnnetrical  in  form  that,  were  it  not  for  their  height  and  extent 
and  their  being  composed  in  their  interior  of  solid  ledges  of  rock| 
one  might  be  tempted  to  attribute  to  them  an  artificial  origin. 

The  lower  strata  are  more  schistose,  being  chiefly  marlites  with 
alternations  of  calcareous  layers.  The  most  conspicuous*  fossils 
are:  LeptcBna  Madis^iensis,  L.  sericeay  L.  alitmata^  Orthis 
formasa,  Pleurotamaria  bilex,  and  Isoteltis  megistos.  Others  less 
abundant,  are :  Atrypa  capax,  A.  exigna,  Spirifer  lynx^  TrochiLS 
bilex.  Several  trilobites  probably  of  undescribed  species  allied  to 
Phecops;  one^near  to  P.  calicephalusj  but  with  compound  eyes. 
Tbcyre  was  also  obtained  in  this  vicinity  a  specimen  of  Bumastis 
barriensis  which  was  probably  washed  from  higher  ground. 

The  Upper  Iowa  for  the  last  fifty  miles  of  its  course,  flows  be- 
tween clifls  of  lower  magnesian  limestone  based  on  the  lower 
sandstones,  which  latter,  with  an  interlamination  of  magnesian 
limestone  towards  its  upper  part,  constitutes  the  greater  part  of 
the  rock  exposure  near  the  confluence  of  that  stream  with  the 
Mississippi 

There  are  many  fine  examples  on  this  river  of  those  remarka- 
ble castellated  forms  which  the  lower  as  well  as  upper  magnesian 
limestone  often  assumes.  Several  sketches  illustrating  the  fea- 
tures of  the  country,  accompany  the  report. 

Ou  the  Upper  Iowa,  about  longitude  9P  5(y,  the  following  fos- 
sils were  foimd  in  the  lower  150  feet  of  rock :  Leptcma  iericea^ 
LepUena  rugosa^  L.  Madisoniensis,  L.  delioidea,  L,  aUernata^ 
Pleurotamaria  lenHeularis,  Cyathophyllum  ceraiites,  Coscinopora 
Mukaia^  BeUerophon  bilobatuSf  Isoiehis  meffislos,  Orthis  testudi* 
naria?  O.formosa^  IlUBntis  crassicauda,  Murchisonia  belli* 
dnctu^  M.  sub/iisifonnis,  Atrypa  capax^  Orthis  subeequataf 
Atrypa  hemipUcaia^  Urbitulites?  reticiilatus? 

In  this  part  of  the  Reserve  the  formation  is  evidently  of  the 
same  age  as  that  near  the  Agency  on  Turkey  river,  which  lies 
about  twenty  miles  to  the  south.  Both  appear  to  represent  the 
Trenton  limestone  and  Hudson  river  group  of  New  York,  and  to 
be  cotemporaneous  with  the  Lower  Silurian  system  of  England. 

Regarding  the  formation  of  the  western  portion  of  the  Reserve 
along  the  Red  Cedar  river  we  extract  the  following : 

"On  Red  Cedar  there  is  a  change  in  the  geological  formation 
of  the  country.  Either  this  is  the  western  limit  of  the  formations 
of  Upper  Iowa  and  Turkey  rivers,  or  else  the  southwest  dip  car- 
ries the  formations  before  reaching  the  Red  Cedar  beneath  the 
water  courses ;  for  on  crossing  the  Red  Cedar,  the  first  ledges  that 
came  under  my  observation,  only  a  few  hundred  yards  to  the 
west  of  it,  were  found  to  be  charged  with  the  large  variety  of 
Atrypa  prisca  and  a  Spirifer^  very  abundant  in  the  shell  beds  of 
the  falls  of  the  Ohio,  and  allied  to  the  jS^.  ostiolata  of  the  Devo- 
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nian  sjrstem  of  the  Eifel,  if  not  identical  with  it.  These  strata 
appear  to  be  the  equivalent  of  the  rocks  described  in  my  report 
of  1839,  as  occurring  lower  down  on  the  same  stream  in  the  Du- 
buque district,  so  that  the  line  of  bearing  between  these  two  form- 
ations, Silurian  and  Devonian,  seems  to  run  nearly  parallel  with 
that  stream. 

''  The  Red  Cedar  limestone  extends  up  its  west  branch  as  far  as 
I  penetrated,  i.  e.,  to  near  the  north  line  of  the  Winnebago  Re- 
serve ;  it  also  stretches  away  to  the  west  as  far  as  the  limits  of 
my  observations,  viz.:  to  Willow  river.  On  Shell  Rock,  the 
east  branch  of  Otter,  I  found  in  it,  besides  Atrypa  prison,  casts  of 
Lucina  proavia,  and  an  undetermined  species  of  LeptcBtia.  But 
the  fossil  which  is  most  abundant,  and  most  universally  distribu- 
ted through  the  rocks  of  this  western  portion  of  the  Winnebago 
Reserve,  is  a  very  fine  stmctured  coral,  composed  of  concentric 
layers,  like  the  genus  Siramatopora,  but  so  close  together  that 
the  layers  can  only  be  distinguished  by  close  inspection  with  a 
magnifier.  On  Lime  river,  the  west  branch  of  the  Otter,  the 
strata  are  so  full  of  this  close  grained  coral  that  it  might  with 
propriety  be  called  a  coralloid  limestone. 

"  Some  of  the  beds  of  this  formation  consist  of  very  close  tex- 
tured and  smooth  calcareous  beds,  like  the  lithographic  limestones, 
splitting  with  a  flat  conchoidal  fracture.  In  it  I  did  not  observe 
any  fossils ;  but  I  had  not  many  opportunities  of  examining  ex- 
posures either  of  it,  or,  indeed,  of  any  of  the  other  members  of 
the  formation  in  question,  along  the  line  of  my  route.  The  geol- 
ogist who  undertakes  to  investigate  the  vast  prairie  countries  of 
the  Mississippi  valley  must  be  provided  with  no  common  share  of 
patience  and  perseverance.  He  must  be  content  to  travel  for 
half  a  day  together  without  seeing  aught  but  a  rich  black  soil, 
covered,  as  far  as  the  eye  can  reach,  even  down  to  the  very  edge 
of  the  small  streams,  with  a  thick  and  high  growth  of  prairie 
grass,  with,  perhaps,  a  faint  outline  of  timber  cutting  the  distant 
horizon.  He  must  be  prepared  to  wade  swamps,  to  ford  streams 
waist  deep,  or,  in  times  of  freshets,  to  plunge  in  and  breast  the 
current.  He  must  not  shrink  beneath  a  broiling  sun,  without 
even  a  bush  to  cast  a  faint  shadow  over  an  occasional  resting  place. 
He  must  think  himself  fortunate,  if  he  can  reach,  at  night,  a  few 
scattered  oaks  to  plenish  his  fire,  and  boil  his  camp-kettle ;  and 
he  may  consider  it  a  special  instance  of  good  luck,  if,  in  return, 
he  can  catch  a  glimpse  of  a  rock  exposure  once  or  twice  a  day. 
He  may  travel  for  days  together  without  lighting  on  any  object 
more  interesting  than  the  hillock  of  the  prairie  dog,  or  the  broad 
lair  of  the  bison."— pp.  36,  37. 

The  western  portion  of  the  Reserve  is  said  to  present  no  indi- 
cation of  being  a  mineral  country.  Some  portions  of  the  Turkey 
river  and  Upper  Iowa  country  afford  a  little  lead  ore. 
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The  third  chapter  of  the  report  is  devoted  to  a  descriptioD  of 
the  formations  of  the  interior  of  the  Chippewa  Land  District.  In 
our  notice  of  it  we  must  be  brief 

The  protozoic  strata  which  have  been  described  as  forming  the 
sections  on  the  Mississippi,  extend  on  the  east  side  of  the  Missis- 
sippi for  an  average  distance  in  a  direct  h'ne  into  the  interior  of  fifty 
to  seventy-five  miles;  that  is,  to  the  falls  of  the  principal  eastern 
tributaries  of  that  river.  Here  the  crystalline  rocks  first  appear 
above  the  water  courses  forming  low  falls  and  rapids.  These  igne- 
ous ranges  do  not  rise  abruptly  in  this  part  of  the  United  States  into 
elevated  mountains;  on  the  contrary  they  are  seldom  seen  except 
in  the  immediate  cuts  of  the  streams,  being  covered  for  the  most 
part  with  drift.  The  character  of  the  country  generally  towards 
the  summit  levels  leading  to  Lake  Superior,  is  a  succession  of 
terraces  of  moderate  elevation,  chiefly  composed  of  drift,  often 
having  a  nucleus  no  doubt  of  granite,  syenite  or  hornblende  rocks ; 
but  these  protrude  only  occasionally.  At  intervals  the  streams 
are  ruffled  into  rapids,  being  filled  with  boulders  which  obstruct 
materially  their  navigation.  A  portion  of  these  boulders  may 
have  been  transported  from  great  distances ;  the  greater  part  how- 
ever appear  to  be  not  far  removed  from  the  parent  rock. 

It  is  matter  of  surprise  that  so  large  an  area  of  the  interior  of 
this  district,  and  indeed  of  the  sources  of  the  Mississippi  generally^ 
should  be  level  tamarack  and  cedar  swamps,  since  in  approaching 
a  great  water  shed  that  gives  rise  to  one  of  the  largest  rivers  in 
the  world,  one  is  led  to  anticipate  a  country  with  physical  features 
of  quite  a  different  character. 

Interposed  between  the  crystalline  and  igneous  rocks  of  the 
interior  of  the  district  and  the  lowest  sandstones,  some  green  and 
red  schistose  beds  have  been  observed  at  different  localities. 
These  appear  to  have  been  derived  from  the  decomposition  and 
detritus  of  the  more  easily  decomposing  felspathic  granites. 

The  lower  beds  of  sandstone  adjacent  to  the  igneous  outburst, 
are  not  unfrequently  changed  to  a  hard  quartzite.  The  red  pipe- 
stone  so  highly  prized  by  the  northern  tribes  of  Indians,  is  found 
also  near  the  junctions  of  these  formations,  associated  with 
quartzite.  • 

We  learn  from  the  4th  chapter  of  the  report  that,  except  in  the 
valley  of  the  St.  Croix,  the  red  sandstones,  marlites,  slates,  con- 
glomerates and  associate  trap  ranges  which  prevail  in  the  district 
along  the  south  shore  of  Lake  Superior,  extend  only  as  far  as  the 
elevated  ridges,  whence  rise  the  tributaries  of  the  Mississippi  on 
the  one  hand  and  the  streams  emptying  into  Lake  Superior  on 
the  other.  Over  a  large  portion  of  this  area  the  solid  rocky  beds 
are  covered  by  comparatively  recent  de|)osits  of  drift  sand,  red 
marls  and  red  clay ;  the  latter  derived  apparently  from  the  disin- 
tegration of  the  strata  on  which  they  repose ;  and  have  been  pro->  - 


Digiti 


zed  by  Google 


13  Rutilated  Quartz  Crystabfrmn  VermonL 

dnced  by  oscillations  of  the  surface  during  the  more  recent  pe- 
riods of  uplifts. 

At  various  points  along  the  range  of  outburst  of  the  igneous 
rocks,  mineral  veins  have  been  observed.  The  examinations  had 
not  been  sufficiently  minute  to  pronounce  on  their  productiveness. 
The  hypogene  rocks  observed  by  the  Wisconsin  corps  through 
this  region  of  country  are :  granites,  syenite,  hornblendic  rocks, 
greenstone,  and  various  kinds  of  trap. 

The  highest  ridges  of  the  south  shore  of  Lake  Superior,  situ- 
ated in  the  Chippewa  Land  District,  are  represented  as  formed  of 
hornblende  rocks,  metamorphic  slates,  syenite  and  trap.  These 
are  estimated  to  be  over  a  thousand  feet  above  the  lake,  and  are 
situated  from  ten  to  sixteen  miles  from  its  shore. 

No  organic  remains  had  so  far  been  found  in  the  formations  of 
Lake  Superior  by  which  to  establish  their  age.  Neither  had  any 
localities  been  discovered,  where  beds  of  known  geological  posi- 
tion might  solve  the  question  by  indicating  the  relative  order  of 
superposition. 

The  principal  mass  of  sandstone  constituting  the  south  shore 
and  west  end  of  Lake  Superior  in  Wisconsin,  appears  to  have  a 
different  lithological  character  from  the  sandstones  beneath  the 
lower  magnesian  limestone  on  the  Mississippi,  described  in  the  1st 
chapter  of  the  report.  So  far  as  this  evidence  can  be  depended 
on,  it  militates  against  the  supposition  of  their  geologiciBd  par- 
allelism. 

On  the  west  side  of  the  Mississippi,  north  of  the  Winnebago 
Reserve,  as  far  as  the  St.  Peter's  river,  the  lower  magnesian  lime- 
stone and  underlying  sandstones  prevail  as  far  as  the  examina- 
tions had  extended,  i.  e.,  for  about  half  a  degree  of  longitude. 
The  former  of  these  formations  occupies  the  greatest  area. 


Art.  II. — On  Rutilated  Quartz  Crystals  from  Vermont,  and 
Phenomena  connected  with  them;  by  Francis  Alger,  A.M., 
Member  of  the  American  Academy,  and  of  the  Society  of  Nat- 
ural History,  Boston. 

(From  the  Proceedings  of  the  American  AssodatioD  for  the  Advpoement  of  Scmdo^ 
held  in  Cambridge,  in  August,  1849.) 

Mr.  Alger  presented  a  paper  on  the  quartz  crystals  from  Wa- 
terbury,  Vermont,  containing  acicular  or  capillary  Rutile,  and  ex- 
hibited illustrative  specimens  of  great  perfection  and  beauty.  He 
compared  them  with  other  specimens  from  the  Alps  and  Brazil, 
and  pointed  out  some  important  phenomena  in  which  they  dif- 
fered from  those,  and  all  other  rock  crystals  he  had  seen. 

Erratic  masses  of  rutilated  quartz  had,  from  time  to  time,  been 
found  in  Waterbury,  and  several  of  the  neighboring  towns,  and 
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they  had  even  been  picked  up  in  New  Hampshire ;  bnt  their  ge- 
ological association,  or  the  character  of  the  rock  from  which  they 
originated,  had  not  been  well  understood  until  recently.  Mr.  Al- 
ger had  lately  visited  a  remarkable  locality  of  this  mineral,  where 
a  tnie  vein,  two  feet  or  more  in  width,  had  been  brought  to  light 
in  making  a  deep  cut  through  a  hill  in  Waterbury,  on  the  line  of 
the  Vermont  Central  Railroad.  The  rock  is  a  very  tenacious  tal- 
coee  slate,  sometimes  passing  into  mica  slate,  and  prevails  to  a 
great  extent  in  this  part  of  Vermont.  Metalliferous  veins  are 
rarely  contained  in  it,  but  veins  of  quartz  are  common.  The 
vein  here  referred  to,  consisted  principally  of  common  amorphous 
quartz,  presenting  internal  cavities  or  druses,  lined  or  studded 
with  projecting  prismatic  crystals,  sometimes  colorless  and  trans^ 
parent,  but  more  frequently  of  a  smoky  color,  or  brownish  yellow 
tint,  (Cairngorm.)  The  pure  glassy  white  crystals,  are  but  rarely 
penetrated  by  the  acicular  rutile,  while  the  colored  varieties  abound 
with  it,  and  seem  in  fact  to  owe  the  intensity  of  their  color  to 
the  very  prevalence  of  it  through  their  substance. 

The  nitile  is  sometimes  grouped  in  tufts  of  radiating  crystals, 
proceeding  from  a  common  point,  and  shooting  through  the  quartz ; 
this  being  also  the  ordinary  manner  of  its  occurrence  in  the  Bra- 
zilian specimens.  The  direction  of  many  of  these  diffused  crys- 
tals in  the  position  they  now  occupy,  would  seem  to  show  that  they 
had  been  subjected  to  some  electrical  or  polarizing  influence,  by 
which  they  had  been  arranged  very  nearly  in  a  line  parallel  with 
that  of  the  apex  or  perpendicular  axis  of  the  crystals  of  quartz  in 
which  they  are  imbedded.  It  would  seem  that  they  were  once 
floating,  as  it  were,  in  the  transparent  and  liquid  medium  of  the 
silicious  mass;  or  else,  what  is  more  probable,  in  the  simultane- 
ous crystallization  of  both  quartz  and  mtile,  slowly  or  otherwise, 
there  was  superadded  a  polarizing  influence  which  caused  them 
to  converge  towards  one  point.  Or  again,  it  may  be  that  these 
peculiarities  are  confined  to  those  quartz  crystals  which  projected 
downwards  in  the  cavity  of  the  vein  at  the  time  of  their  forma- 
tion ;  and  thus  the  rutile,  from  its  greater  specific  gravity,  would 
have  a  tendency  to  crystallize  and  extend  itself  downwards,  rather 
than  in  any  other  direction.  Mr.  Alger  could  not  state  from 
actual  observation  at  the  locality,  whether  such  was  the  fact.^ 
The  appearance  referred  to  is  most  marked  in  those  crystals  in 

♦  That  mineral  veins  may  owe  their  origin  in  many  cases  to  electrical  or  electro- 
diemical  agencies,  has  been  shown  by  the  experiments  of  Fox,  fiecquerel  and  others, 
wbo  by  ingenious  contriyances  imitating  the  conditions  which  were  supposed  to  exist 
in  nature,  have  produced  precisely  similar  results,  even  the  formation  of  various  cry»> 
tallized  bodies ;  but  the  subject  has  not  been  pursued  with  that  direct  application 
to  the  origin  and  structure  of  crystals,  in  their  natural  repositories,  which  it  deserves. 
**  Fotore  investigations,  (as  has  been  said  by  Dana,)  with  regard  to  the  position  of 
crystals  in  rock  strata,  especially  in  granite  and  allied  rocks,  may  prove  that  the 
electric  currents  in  constant  circulation  around  the  earth  have  been  active  agents  in 
determiiiiDg  the  direction  in  which  the  axes  of  crystals  lie,  and  the  oourse  o?  deftv- 
age  pfames."    Dana's  Mineralogy,  seooiid  editioo,  p.  88.  r^  t 
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which  the  rutile  exists  in  the  most  delicate  hair-like  and  needle^ 
shaped  forms,  ( Venus  hairsione ;)  and,  in  some  instances,  these 
delicate  prisms  are  bent  towards  the  ends  most  remote  from  the 
apex  of  the  quartz  crystals.  They  are  sometimes  four  inches  in 
length.*  By  transmitted  light,  their  color  is  reddish  brown ;  lus- 
tre like  that  of  polished  copper.  Some  few  of  the  needles  are 
entirely  black,  and  closely  resemble  schorl.  It  was  the  opinion 
of  Mr.  Kennedy,  a  scientific  engineer,  and  a  very  close  observer, 
who  was  present  at  the  opening  of  the  vein,  that  the  crystals  of 
quartz  enclosing  rutile,  were  confined  to  one  side  only  of  the 
vein,  thus  indicating  two  periods  in  irs  formation,  in  one  of  which 
no  rutile  was  present  to  intercrystallize  with  the  mass.  All  the 
recently  obtained  crystals  are  very  much  discolored  by  iron  nist, 
and  the  vein  appears  to  be  '^  run  out.''  But  its  loss  will  undoubt- 
edly be  soon  supplied  by  other  sources. 

Prof  Hubbard,  of  Dartmouth  College,  in  whose  possession  is 
the  finest  specimen  of  this  mineral  found  in  the  United  States, 
first  noticed  a  most  interesting  fact  in  regard  to  these  crystals, 
namely,  that  the  needles  of  rutile  in  some  cases,  had  shot  com- 
pletely through  the  quartz  crystals,  and  stood  out  in  relief  ii\Kin 
their  surfaces,  as  if  protruded  by  the  sudden  effort  of  their  crys- 
tallization. The  same  appearances  were  presented  to  a  small 
extent,  by  one  of  Mr.  Alger's  specimens.  If  produced  in  the 
manner  supposed,  the  quartz  must  have  been  in  a  liquid  state ;  if 
not  produced  in  that  manner,  the  crystallization  of  the  rutile  must 
have  continued  after  that  of  the  quartz  had  ceased.  The  latter 
seems  the  most  reasonable  supposition,  and  is  favored  by  analo- 
gous phenomena  in  other  crystallized  minerals. 

Imitative  forms  of  mica  contained  in  the  Qttarlz, — The  sur- 
faces of  two  of  the  large  crystals  exhibited  by  Mr.  Alger,  as  well 
as  several  smaller  fragments  of  crystals,  were  covered  by  minute 
but  very  brilliant  scales  of  gold*colored  mica;  and  these  some- 
times penetrated  the  quartz  in  company  with  the  rutile,  and,  in  the 
same  manner,  seemed  confined  mostly  to  the  darkest  colored  va- 
rieties of  the  quartz.  But  the  appearance  presented  by  this  mica,  is 
curious  and  altogether  unique,  for  in  the  substance  of  the  crystals, 
it  has  assumed  the  most  fantastic  forms,  appearing  in  tortuous 
and  vermicular  ramifications,  some  of  them  bearing  such  a  strik- 
ing resemblance  to  organized  bodies,  as  to  give  the  first  impres- 
sion that  they  are  actually  the  remains  of  insects  or  worms.  The 
figures  on  the  next  page  present  a  correct  representation  iti  a  mag- 
nified form,  of  some  of  the  most  curious  of  these  appearances  ex- 
hibited by  Mr.  Alger's  specimens.  He  had  dissected  out  several 
of  them,  and  found  them  to  be  composed  entirely  of  small  plates 
of  mica  more  or  less  closely  united  parallel  with  the  cleavage 

*  The  poli8h«d  spedmena  in  which  these  prisms  are  exhibited,  (known  in  Frendi 
jeweby  as  Flhchen  aamofur^)  are  rarely  surpaaeed  in  beautj  by  the  finest  to  be  met 
with  in  foreign  collections.    The  reticulated  fonns  are  thus  shown  in  ^reat  perfection. 
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planes  of  the  mineral.  In  fact,  they  are  elongated  hexagonal 
crystals  of  mica,  twisted  or  distorted  into  every  imaginable  shape. 
Their  laminated  micaceous  structure  is  shown  perfectly  by  the 
microscope,  and  is  represented  by  the  transverse  lines  in  the  fig- 
ures. The  resemblance  of  the  third  figure  on  the  fourth  row,  to 
some  species  of  Araneides,  is  not  too  remote  to  suggest  them  in- 
stantly to  the  mind ;  and  the  general  resemblance  of  several  of 
the  figures  to  the  blood  leech  and  common  worms  is  still  more 
striking — these  being  produced  by  the  successively  diminishing 
diameters  of  the  little  plates  of  mica  until  they  terminate  nearly 
in  a  point.  But  the  origin  of  these  resemblances  was  evidently 
fortuitous,  and  could  not  have  been  in  any  way  connected  with 
organic  matter.  They  are  interesting  principally  as  furnishing  a 
new  fact  in  the  department  of  imitative  mineralogy,  and  they  ap- 
propriately suggest  the  term  vermiform  mica  as  most  characteristic 
of  their  general  appearance.  Vermiform  should  therefore  be  inclu- 
ded among  the  imitative  shapes  assumed  by  minerals.  The  strik- 
ing resemblance  between  several  of  these  figures  and  the  worm- 
like  projections  thrown  out  by  the  separating  folia  of  vermicuUte 

when  exposed  to  a  red  heat,  will  occur  to  every    2. 

one  who  has  experimented  on  the  mineral.  The 
following  examples  of  them  were  obtained  by 
heating  a  fragment  of  the  pure  mineral  broken 
from  a  specimen  lately  analyzed  in  Dr.  Jackson's 
Laboratory.     They  are  of  natural  size. 

The  straight  lines  seen  passing  through  several  of  these  figureSi 
are  intended  to  show  the  needles  of  rutile  that  actually  intersect 
these  concretions  of  mica  in  the  body  of  the  stone.  In  some  of 
them  the  rutile  passes  through  the  circular  space  left  by  the  fold- 
ing over  of  the  mica,  and  its  crystallization  does  not  seem  to  be 
interrupted  by  the  mica  in  any  case.  A  characteristic  feature 
of  rutile,  but  never  shown  in  any  of  the  specimens  from  this 
locality,  (i.  e.,  the  geniculated  forms,)  seeifts  to  be  imitated  by 
the  mica,  and  is  best  shown  by  the  second  figure  in  the  lower 
row.*  The  color  of  this  mica  by  transmitted  light,  is  a  pale 
green,  and  the  mineral  seems  to  agree  in  external  characters  with 
the  substance  from  other  localities.  Considerable  quantity  of  it 
was  found  loose  in  the  vein,  mixed  with  broken  crystals  of  rutile.f 
The  only  appearances  at  all  analogous  to  those  just  described, 

*  Prof.  Uubbafd's  specimen  presented  the  appearance  in  so  marked  a  manner,  at 
to  lead  to  the  impression  that  tney  were  rutile. 

f  A  portion  of  this  carefully  separated,  was  found  to  lose  nearly  15  per  cent  of 
water  when  heated  to  the  melting  point  of  glass.  A  peculiar  empjreumatic  odor 
was  at  the  same  time  given  out,  but  there  was  no  reaction  of  fluorine.  Exposed  in 
a  platinum  crucible  to  a  white  heat  for  twenty  minutes,  it  became  grayish  black  and 
partially  fused  into  a  mass.  In  this  state  it  was  slightly  magnetic  The  large  pro- 
portion of  water  seems  to  ally  it  with  pennine,  or  perhaps  with  hydro-mica  from  the 
Alps —  Wasterglimmer  of  M.  Morin ; — ^while  its  crystalline  form,  an  oblique  rfaombie 
prism  changed  into  a  six-sided  figure  by  the  truDCfUion  of  its  acute  lateral  edges,  re- 
fers it  at  once  to  common  mica. 
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which  had  coroe  to  the  knowledge  of  Mr.  Alger,  were  those  men- 
tioned and  figured  by  Dr.  McCnlloch,  and  described  in  vol.  ii, 
of  the  Geological  Transactions  of  London.  But  in  this  case,  the 
substance  was  chalcedony, 
and  the  imbedded  masses 
composed  of  chlorite,  had 
nothing  of  a  crystalline 
structure,  and  in  fact  were 
rather  imitative  of  vegeta- 
ble, arborescent  forms. 

The  annexed  figure  rep- 
resents some  of  the  strice 
which  appear  on  the  acumi- 
nating planes  of  the  crystals,  and  are  parallel  with  their  edges  of 
combination  with  the  adjoining  planes,  as  shown  in  the  figure  be- 
low. They  are  usually  mere  superficial  triangular  lines  so  slightly 
impressed  as  to  be  visible  only  when  held  in  a  particular  position 
in  regard  to  the  light ;  but  in  a  few  cases,  these  configurations,  com- 
mencing at  a  small  point  before  the  crystal  had  attained  its  full 
size,  continue  to  widen  with  ev- 
ery fresh  layer  of  particles  de- 
posited upon  the  faces  of  the 
crystal,  until  they  produce  cav- 
ities of  considerable  depth.  That 
they  were  formed  in  this  man- 
ner, is  indicated  by  the  step-like 
appearance  of  the  sides  of  these 
cavities — an  appearance  which 
is  more  strikingly  presented  in 
a  few  cavities  of  a  different 
shape,  of  one  of  which  the  an- 
nexed figure  furnishes  an  exam- 
ple. In  this,  it  will  be  noticed, 
the  cavity  is  rhomboidal,  and 
might  at  first  bo  mistaken  for 
the  impression  left  by  some  for- 
eign substance  which  had  dis- 
appeared. No  substance  having 
such  form,  has  been  found  at- 
tached to  any  of  the  crystals  from  this  place,  and  although  the 
angles  at  which  the  sides  meet  each  other,  (about  72®  and  1 08®,)* 
are  nearly  those  of  calc  spar,  or  carbonate  of  iron,  it  is  evident 
from  the  enlargement  of  the  cavity  towards  the  surface  of  the 
crystal,  or  the  hop|)er-like  appearance  assumed  by  it,  that  neither 

*  Tliese  angles  were  incorrectly  given  in  the  published  Proceedings  of  the  Amer- 
ican Association.  They  have  now  &en  obtainea  by  measuiing  the  casts  taken  from 
its  cavity,  instead  of  the  cavity  itsell 

8iooin>  SnuxB,  VoL  X,  No.  28.-Jnly,  I860.  S  ^  . 

Digitized  by  VaOOQ  IC 


18  RuUhUed  Quartz  CryMabJrmn  VermmL 

of  these  substances  conld  have  produced  it.  The  quartz,  while  de* 
positing  itself  around  either  of  them,  would  have  taken  the  ex- 
act form  of  either,  precisel7  as  we  see  such  impress  of  their  forms 
in  other  crystals  of  subsequent  formation,  as  for  example,  in  the 
quartz  crystals  from  Herkimer,  New  York.  So  it  is  evident,  that 
if  any  substance  ever  occupied  the  cavity,  it  must  have  received 
its  form  from  the  cavity,  without  communicating  any  to  it ;  and 
thus  a  pseudomorphous  crystal  may  have  been  produced  in  a  man- 
ner somewhat  diflerent  from  usual :  viz.,  by  filling  up  a  cavity 
which  had  never  been  occupied  by  any  crystallized  substance 
whatever.  Should  such  pseudo-crystals  of  infiltration  or  deposition, 
be  met  with  in  similar  cavities  of  the  quartz  from  this  locality,  it 
will  become  an  interesting  enquiry  to  determine  whether  they 
have  the  same  composition,  or  are  various  depending  upon  acci- 
dental circumstances.  If  the  view  here  taken  of  them  be  correct, 
they  cannot  come  under  the  designation  of  any  of  the  pseudo- 
morphs  hitherto  described,  (as  they  do  not  assume  the  form  of 
any  other  crystal  which  has  disappeared,)  and  we  must  accept 
such  explanation  of  them  as  is  afibrded  by  the  quartz  itself,  it 
is  not  easy  to  trace  in  these  cavities,  as  it  is  in  those  before  spo- 
ken of,  any  certain  relation  between  them  and  the  crystalline 
structure  of  the  quartz  whose  surfaces  they  impress ;  their  sides 
are  not  parallel  with  any  of  the  stri®  as  seen  upon  the  faces  of 
the  crystals;  they  indicate  an  interruption  in  the  process  of  crjrs- 
tallization,  and  we  have  only  to  suppose  a  successive  retrocession 
or  withdrawal  of  particles  in  such  parallel  directions,  thus  enlai^- 
ing  the  cavity  outwardly,  as  the  crystal  itself  increased  in  size. 
They  do  not  appear  to  have  been  produced  by  the  irregular  com- 
bination of  two  or  more  crystals  or  by  the  union  of  different 
crystalline  planes  leaving  spaces  between  them,  because  thestria- 
tions  which  mark  the  faces  of  the  crystal,  and  which  have  been 
intercepted  by  the  cavity,  appear  opposite  to  each  other  on  both 
sides  of  the  cavity.  This  is  shown  by  the  figure.  It  therefore 
appears  to  belong  to  one  crystal.  The  cavity  intended  to  be  rep- 
resented by  the  large  figure  measures  one  inch  on  a  side,  and 
half  an  inch  in  depth  ;  the  striations  at  bottom  are  parallel  with 
those  upon  the  face  of  the  crystal.  It  is  more  accurately  shown 
by  the  following  drawings  taken  from  a  cast  of  it  in  wax,  which 
presents  it  in  opposite  positions.**    The  crystal  itself,  has  a  rhom- 


•  The  deep  bevelment  on  the  broad^t  suriaoe  of  these  cwto,  (not  abown  in  th* 
cots,)  gives  the  true  angle  at  which  the  plane  r  of  the  crystal  (see  fig.  4)  meeto 
plane  a— the  cayity  extending  partly  into  one  of  the  phmes  of  the  JP^^Pkalp 
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boidal  plane  on  each  of  the  adjacent  lateral  angles  of  the  prism,  and 
not  as  is  usual,  on  the  alternate  angles.  It  is  permeated  in  every 
part  by  acicular  rutile.  This  rutile,  in  one  or  two  instances,  has 
shot  through  similar  cavities  in  other  crystals,  its  delicate  hair-like 
needles  remaining  unbroken  while  their  opposite  extremities  are 
deeply  imbedded  in  the  quartz.  In  one  of  these  cavities  the  depth 
is  more  than  twice  that  of  the  transverse  diameter,  but  the  same 
step-like  succession  of  layers  is  observed  as  in  the  large  one,  di- 
minishing in  their  descending  order,  until  they  nearly  terminate 
in  a  point  towards  the  centre  of  the  crystal.  Compared  with  the 
large  cavity,  there  is  greater  evenness  of  outline  in  these  little 
ridges,  and  a  nearer  approach  to  parallelism  between  them. 


Art.  III. — Examination  of  KirkwoocPs  Analogy;  by  Seabs 

C.  Walker. 

(From  the  Prooeedings  of  the  American  AssooUtion,  2iid  meeting,  held  at  Camhrklge, 

1849,  p.  212.) 

In  order  that  Eirkwood's  Analogy  should  apply  to  all  the  planr 
ets  of  the  Solar  System,  including  the  interpolated  planet  between 
Mars  and  Jupiter,  four  fundamental  conditions  must  prevail  for 
each  planet  considered  as  the  middle  of  a  consecutive  series  of 
five;  namely: 

* «= ^^ 

11 ti»=[(a-a,-6,)cj« 

m m^[{a'-a  -!/)&]' 

lY.. eJ-!L.J 

u 

Where 
^m  ^/9  ^f  ^}  ^"  =the  five  mean  distances  of  the  planets. 

m=the  mass  in  parts  of  the  sun's  mass  similarly 

accented. 
7=sthe  sidereal  year,  in  earth's  mean  solar  days, 
^ssthe  sidereal  rotation  in  the  same. 
AssGauss's  revolution  constant  from  Kepler's  third 

Law. 
xssa  similar  rotation  constant  from  Eirkwood's 

Analogy, 
f/sthe  inner  radius  of  the  sphere  of  attraction  for 

the  third  planet, 
r'srthe  outer  radius  of  the  sphere  of  attraction  for 

the  third  planet 
r//=the  outer  radius  of  the  sphere  of  attraction  for 

the  second  planet, 
r'^ssthe  inner  radius  of  the  sphere  of  attraction  for 

the  fourth  planet. 
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Z)«r,+r'=  Kirkwood's  diameter  of  the  third  planet's 
sphere  of  attraction. 
a 

Prom  these  definitions  the  value  of  -D  is  thus  derived: 
m,  _m 

^/y        '/ 

m      tn' 
m  tn, 


r,"     {a'-a,-'r,) 
m  fnf 

/      a'  -a     \ 
Z>=(r,+r') 


a'  -a 


y/ni'+  \/ml 


(a'— o      \ 
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v^m+ -/^^^(a  -  a,)c, 
\/mf + ^/m = {p!  '-a)cf 

m=:[(a-a,-6,)c,]« 

m=[(a'-a-6')(/]» 

ComputaHon  of  the  Value  of  the  Constant  called  «• 

If  we  use  Leverrier's*  mean  distances  and  masses  in  his  theory 
of  Mercury,  with  the  exception  of  Adams'sf  value  ^ji^j.  for  the 
mass  of  Uranus,  and  Hansen's^  periods  of  rotation,  we  find  by 
condition  (IV.)  the  following  values  of 

Namely : 

«  =16.179  by  Venus, 
=  14.811  by  Earth. 
=  16.693  by  Saturn. 
Whence,  with  double  weight  for  Saturn : 

»  =16.300=  mean  value  adopted. 


-'itr 


If  we  form  another  constant  k^^  (5- 1    we  find 

By  Venus,  A' =1.9377 
Earth,      =1.9054 
Saturn,     =1.9773 
From  which  it  appears  that  an  approximate  value  for  the  rota- 
tion times  might  be  obtained  from 

But  the  other  formula  is  preferable ;  and  we  have 

"■  «  *"  "~  16.3  ""7.66'" 
With  this  value  of  «,  using  the  data  above  mentioned,  interpo- 
lating the  a,  m,  and  0  of  the  fifth  or  hypothetical  planet,  called 
Kirkwood,  and  three  masses,  viz. :  of  Mercury,  Mars,  and  UranuSi 
the  following  normal  elements  of  the  primary  system  are  obtain- 
ed, in  which  all  of  the  above  four  fundamental  conditions  are 
fulfilled  for  each  middle  planet  of  five.  For  Neptune,  Mr.  W. 
had  used  his  own  value  of  the  mean  distance,  and  Prof.  Peirce's 
mass  from  Bond's  measures  of  the  elongation  of  the  satellite. 
The  interpolated  values  are  enclosed  in  parentheses. 

*  Additions  &  la  Connoissaiice  des  Tempe,  1848, 17-26. 

{Proceedings  R.  A.  Soc,  vol  iz,  pp.  169, 160. 
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Table  of  Planetary  Elementt,  conforminff  rigoroudy  with  Kirktoood's  Analogy. 


Planet. 


Mercury*   .... 

0.387.099 

Venus 

0.733.333 

Earth 

1.000.000 

Mars 

1.523.691 

Kirkwood   .... 

(2.908.511) 

Jupiter 

5.202.800 

Saturn 

9.538.852 

Uranus 

19.182.730 

Neptune  ..... 

30.039.500 

Metn  distance. 


asf  in  part* 
of  the 


Sidereal  revola- 

tioa  in  earth*! 

inean  telar  day*. 


m 


V2802311/ 
1 


401847 
1 

{354986 

\2107404/ 

V 1353240/ 

1 

1050 

1 


d 


Diameter  of  the 
sphere  of 
attraction. 


^3512 
V23733/ 
20000 


1.003.473 
0.972.917 
0.997.270 
1.025.936 

(2.406.104) 
0.385.907 
0.487.003 

(1.396.779) 


(0.198.122) 
0.377.908 
0.513.934 
a76a429 

(0.830.951) 
5.035.373 
8.497.477 

(7.875.342) 


♦  An  Interpolated  planet  with  a  mean  distance  0=0.20  and  a  mass  of  ^^j^jijo* 

uronld  harmonize  witn  the  above  system.  ^ 

f  This  interpolated  mass  of  Mercury  compares  with  observation  thus : — 


Leverrier's  first  mass,  .  .  . 
Walker's  interpolated  mass, . 
Leverrier's  second  mass,  .  . 
Encke's  value,     .    .    .    .    . 


1.909.100 

1 
2.802.311 

1 
8.000.000 

1 
4.866.771 


^  And  for  liars: 


Burddiardt's 


•    •    •        2.«80.«87 
Walker's  mterpolated  do,  .    .    =2.107.404 


§  And  fbr  Uranus: 


Adams's  mass,  .... 
Walker's  bterpolated  mass, 
Lamonfsmasa,  .... 
Struve'si 


21000 

1 
28788 

1 
24606 

1 
20860 
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Conclusions  from  the  above  table. 

From  this  comparison  of  authorities,  it  appears  that  with  a 
constant  value  of  x=  16.300,  and  with  assumed  masses  of  Mer- 
cury, Mars,  and  Uranus,  equally  plausible  with  those  heretofore 
employed,  the  a,  m,  and  ^,  of  the  fifth  or  hypothetical  planet 
may  be  thus  interpolated  : 

•a=2.908.611 

1 

^^^  1.363.240 
^=r  2.239.035 
And  then  the  system  of  nine  values  of  a,  m,  and  6,  will  be 
normal  with  reference  to  Kirkwood's  analogy,  and  each  of  the 
four  fundamental  conditions  (1.1  (II.)  (HI.)  and  (IV.)  will  be  rig- 
orously fulfilled  for  every  middle  planet  of  five. 

Mr.  Eirkwood  had  remarked  in  his  letter,!  that  his  analogy 
required  the  assumption  of  a  fifth  planet  between  Mars  and  Jupi- 
ter. If  the  Geological  Section  was  allowed  the  privilege  of  re- 
storing fishes,  lizards,  and  elephants,  there  was  no  reason  why  thci 
Physical  Section  should  not  be  permitted  to  restore  a  planet. 

Remarks  on  the  Degree  of  Constancy  of  x. 

The  limits  within  which  it  is  possible  to  vary  the  value  of  «, 
without  making  some  of  the  interpolated  elements  inadmissible, 
are  about  one-twentieth  of  the  adopted  mean  value  of  16.300. 
We  may  therefore  conclude  that,  whether  Kirkwood's  analog? 

IS  OR  IS  NOT  THE  EXPRESSION  OF  A  PHYSICAL  LAW,  IT  IS  AT  LEAST 
THAT  OF  A  PHYSICAL    FACT    IN   THE    MECHANISM   OF   THE  UnIVERSE. 

The  quantity  D,  on  which  the  analogy  is  based,  has  such  imme- 
diate dependence  upon  the  nebular  hypothesis,  that  it  lends 
strength  to  the  latter,  and  gives  new  plausibility  to  the  presump- 
tion that  this,  also,  is  a  fact  in  the  past  history  of  the  solar  system. 

Such,  then,  is  the  present  state  of  the  question.  Thirty-six 
elements  of  nine  planets,  (four  being  hypothetical,)  appear  to  har- 
monize with  Kirkwood's  analogy  in  all  the  four  fundamental 
equations  of  condition  for  each  planet. 

To  suppose  that  so  many  independent  variable  quantities  should 
harmonize  together  by  accident,  is  a  more  strained  construction 
of  the  premises  than  the  frank  admission  that  they  follow  a  law 
of  nature. 

If,  in  the  course  of  time,  the  hypotheses  of  La  Place  and  Eirk- 
wood shall  be  found  to  be  laws  of  nature,  they  will  throw  new 
light  on  the  internal  organization  of  the  planets,  in  their  present, 
and  in  any  more  primitive  state,  through  which  they  may  have 


*  The  meaa  distaiioe  b  greater  tban  that  of  the  isteroidB,  except  Hygeie^  "whidi 
has  a  =3.1 8. 
t  This  Journal  [2],  ix,  JW.  rr^n.n\o 
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For  iDstance,  we  may  compnte  the  distance  /i,  from  the  centre, 
at  which  any  planet  must  have  received  its  projeclile  force,  in 
order  to  produce  at  the  same  time  its  double  movement  of  trans- 
lation and  rotation.  Now  let  v^  the  planet's  present  angular 
rotatory  velocity.  Then,  K=pmVj  will  be  a  constant  quantity 
denoting  its  momentum  of  rotation. 

If  the  planet,  in  a  more  primitive  state,  existed  in  the  form  of 
a  ring  revolving  round  the  sun,  having  its  present  orbit  for  that 
of  the  centre  of  gravity  of  the  ring,  the  momentum  K  of  rota- 
tion must,  by  virtue  of  the  principle  of  conservation  of  move- 
ment, have  existed  in  some  form  in  the  ring.  It  is  easy  to  per- 
ceive that  this  momentum  K  is  precisely  the  amount  which  must 
be  distributed  among  the  particles  of  the  ring,  in  order  to  preserve 
to  all  the  condition  of  dynamical  equilibrium,  while  those  of 
each  generating  surface  of  the  ring  were  wheeling  round  with 
the  same  angular  velocity.  It  is  also  clear  that  this  mean  angu- 
lar velocity  must  be  that  of  the  primary  planet  in  its  orbit,  and 
accenting  the  quantities/?  and  v  for  the  case  of  tlie  ring,  we  have 
the  equations, 

K=pmv^p'mt/ 

But  on  the  hypothesis  that  the  law  of  decrease  of  density  from 
centre  to  surface  in  the  primitive  shape  was  the  same  as  at  pfesent. 
Let    r=  the  present  radius  of  the  planet ; 

U=  that  of  the  generating  figure  of  the  primitive  ring; 

Then.  -  =  — 
'  P       r 

And,    22  =  ^ .  Z>^ .  r 

The  value  of  R  from  this  formula,  comes  out  a  very  small 
fraction  of  D  for  the  small  planets,  and  nearly  equal  to  D  in  the 
case  of  Jupiter,  Uranus,  and  Saturn.  If  any  inference  can  be 
drawn  from  this  result,  it  is  unfavorable  to  the  hypothesis  that 
the  primitive  law  of  decrease  of  density  was  the  same  as  the 
present. 

If  the  planets  have  really  passed  from  the  shape  of  a  revolving 
ring  to  their  present  state,  the  prevalence  of  Kirkwood's  analogy 
shows  a  nice  adaptation  of  parts  in  every  stage  of  the  transition. 

If  the  i)rimitive  quantity  of  caloric  (free  and  latent)  had  un- 
dergone a  very  great  change  beyond  that  now  indicated  in  the 
cooling  of  thcor  crusts;  if  the  pnmtiive  quantity  of  movement  of 
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rotation  had  been  different  from  its  actual  value  for  any  planet ; 
if  the  law  of  elasticity  of  particles  for  a  given  temperature  and 
distance  from  each  other  varied  from  one  planet  to  another  in  the 
primitive  or  present  states ;  in  either  of  these  cases,  the  analogy  of 
Kirkwood  might  have  failed.  As  it  is,  no  such  failure  is  noticed ; 
we  are  authorized,  therefore,  to  conclude,  that  the  primitive  quan- 
tity of  caloric, — the  law  of  elasticity, — the  quantity  of  movement 
of  rotation, — the  past  and  present  radii  of  percussion, — the  primi- 
tive diameter  of  the  generating  surface  of  the  rings,  and  the  pres- 
ent dimensions  and  density  of  the  planets,  have  been  regulated 
by  a  general  law,  which  has  fulfilled  for  all  of  them  the  four  fun- 
damental conditions  of  Eirkwood's  hypothesis. 

After  Mr.  Walker  had  concluded,  Mr.  George  P.  Bond  inquired 
of  Mr.  W.  as  to  the  applicability  of  his  remarks  on  primary  rings 
to  the  case  of  the  secondary  ring  in  the  system  of  Saturn. 

Mr.  W.  replied,  that  in  the  case  of  the  breaking  up  of  a  primary 
ring,  the  day  of  the  new  planet  would  be  equal  to  the  year  of 
the  ring,  provided  the  new  diameter  was  the  same  as  that  of  the 
generating  figure,  and  the  same  law  of  decrease  of  density  from 
centre  to  surface  was  preserved.    In  this  case  we  should  have 

and  therefore  p  ^p' 

Such,  however,  is  not  the  case  in  fact  with  the  primary  plan- 
ets. The  new  diameter  is  contracted  by  the  more  immediate 
action  of  the  central  mass,  more  than  it  is  expanded  by  the  in- 
crease of  free  caloric.  The  new  diameter  is,  therefore,  so  much 
smaller  than  the  primitive  D,  that  p'  is  changed  into  p,  and  v\  or 
the  yearly  mean  angular  velocity,  is  changed  into  v  for  the  daily 
value. 

We  may  extend  the  nebular  hypothesis,  and  Kirkwood's  anal- 
ogy to  tho  secondary  systems.  If  they  are  laws  of  nature,  they 
must  apply  to  both.  In  the  secondary  systems  the  day  and  mouth 
are  the  same.  This  fact  has  remained  hitherto  unexplained. 
Lagrange  showed  that  if  these  values  were  once  nearly  equal,  a 
libration  sets  in  round  a  state  of  perfect  equality ;  but  he  offered 
no  conjecture  as  to  the  cause  of  the  primitive  equality.  On  the 
nebular  and  Kirkwood's  hypothesis,  it  would  only  be  necessary 
that  upon  the  breaking  up  of  the  ring,  the  primitive  diameter  of 
the  generating  figure  and  law  of  relative  density  of  layers,  should 
be  preserved,  in  order  to  maintain  a  constant  value  of  p-p\  and 
consequently  of  t?=t/. 

Prof.  Henry  has  shown  that  the  moon,  and  probably  the  other 
satellites,  by  excess  of  radiation  above  absorption,  have  reached 
their  constant  minimum  amount  of  free  and  latent  caloric. 

Sbooiid  SsEDBt,  YoL  X,  No.  28.— July,  1850.  4 
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Perhaps  this  is  the  very  condition  required  to  maintani  p=^p'f 
and  consequently  t;=t/.  In  this  case  we  may  conclude  that  p 
bad  exceeded  p*  immediately  after  the  breaking  of  the  ring,  and 
only  arrived  at  a  state  of  equality  by  the  loss  of  caloric  from 
radiation. 

Prof.  Peirce  remarked  that  Kirkwood's  analogy  was  the  only 
discovery  of  the  kind  since  Kepler's  time,  that  approached  near 
to  the  character  of  his  three  physical  laws.  Bode's  law,  so  call- 
ed, was  at  best  only  an  imperfect  analogy.  Kirkwood's  analogy 
was  more  comprehensive  and  more  in  harmony  with  the  known 
elements  of  the  system.  The  diameter  of  the  sphere  of  attrac- 
tion, a  fundamental  element  in  this  analogy,  now  for  the  first 
time  gave  an  appearance  of  reality  to  Laplace's  nebular  hypothe- 
sis, which  it  never  had  before.  The  positive  testimony  in  its 
favor  would  now  outweigh  the  former  negative  evidence  in  the 
case,  however  strong  it  may  have  been.  It  follows  at  least  from 
Kirkwood's  analogy,  that  the  planets  were  dependent  upon  each 
other,  and  therefore  connected  together  in  their  origin,  whatever 
may  have  been  the  form  of  the  connection,  whether  that  of  the 
nebular  hypothesis,  or  some  other  not  yet  imagined. 


Art.  IV. — On  KirkwoodCs  Analogy ;  by  Dr.  B.  A.  Gould,  Jr. 

(From  the  Proceedings  of  the  American  Association,  2nd  meeting,  held  at  Cambridge, 

1849,  p.  363.) 

The  subject  which  Mr.  Walker  brought  to  the  notice  of  this 
Section  on  Saturday,  is  one  of  far  more  than  ordinary  interest. 
Besides  the  elegant  simplicity  of  Mr.  Kirkwood's  formula,  his 
theory  must,  if  it  be  confirmed,  materially  influence  our  views  of 
cosmogony  and  of  the  theory  of  the  Universe.  I  have  devoted 
all  of  the  time  which  my  duties  have  allowed  since  Mr.  Walker 
made  his  communication,  to  the  numerical  examination  of  the 
Analogy  to  which  he  referred  and  which  prompted  his  beautiful 
investigations.  I  will  state  the  results,  though  not  in  the  fullness 
which  they  deserve,  and  with  which  I  at  first  hoped  to  be  able  to 
give  them ;  for  although  the  subject  is  large,  and  one  which  we 
cannot  expect  to  exhaust  for  many  years,  yet  the  time  of  the  Sec- 
tion is  so  precious  at  this  late  hour,  that  I  shall  limit  myself  to  as 
brief  a  statement  as  possible. 

Mr.  Kirkwood's  theory,  as  regards  the  rotation  of  the  planets 
will,  if  found  to  be  true, — and  the  presumption  seems  to-day 
strongly  in  favor  of  its  tnith — furnish  a  remarkable  and  unex- 
pected argument  in  support  of  the  nebular  hypothesis.  The 
minds  of  many  have  been  wavering  of  late  with  regard  to  this 
hypothesis ;  their  doubts  have  been  strengthened  by  the  unquali- 
fied assertions  that  all  nebulas  are  resolvable ;  but  this  analogy  of 
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Kirkwood  tends  most  strikingly  to  confirm  it — so  much,  indeed, 
that  if  this  latter  be  trne,  1  do  not  know  how  any  one  can  resist 
the  argument  which  it  furnishes  in  fa^or  of  the  former,  in  so  far 
as  it  applies  to  our  solar  system.  It  is  then  no  longer  a  hypothe- 
sis, but  becomes  a  probable  theory. 

I  will  give  a  very  short  sketch  of  the  quantities  I  have  used  in 
repeating  Mr.  Walker's  computation. 

[Dr.  Gould  then  gave  upon  the  blackboard  the  masses  of  the 
planets,  and  the  periods  of  rotation  which  he  had  used,  differing 
from  those  used  by  Mr.  Walker.] 

These  are  the  masses  which  I  have  used  ;  and  these  are  the 
times  of  rotation  as  given  in  the  books.  I  do  not  know  how  ac- 
curate the  latter  may  be  considered ;  perhaps  to  minutes,  perhaps 
even  less  so.  I  believe  they  have  all  been  determined  by  the  ob- 
servation of  spots.  If  so,  what  proof  have  we  that  the  spots  do 
not  move,  no  matter  what  the  number  of  rotations  used  in  deter- 
mining the  period?  I  have  marked  the  period  of  Uranus  as 
doubtful,  because  I  do  not  know  upon  what  authority  it  rests, 
having  only  found  it  in  a  table  of  a  popular  work  by  Sir  J.  Her- 
schel,  with  a  mark  of  doubt  prefixed.  It  does  not  agree  at  all 
with  this  theory. 

In  considering  a  question  of  this  kind,  we  must  remember  the 
nature  of  our  investigations.  The  subject  is  to  a  certain  extent, 
necessarily  general,  and  the  appecu^nce  of  precise  harmony  could 
not  be  expected  even  were  our  data  exact,  which  they  are  not 
The  nature  of  the  problem  requires  a  general,  not  a  special  agree- 
ment between  observation  and  theory.  When  we  are  consider- 
ing the  evolution  of  order  from  chaos,  we  cannot  pretend  to  a 
knowledge  of  all  the  physical  forces  which  exerted  an  influence. 
We  go  back  to  a  supposed  time  when  the  planetary  spaces  were 
filled  with  nebular  matter ;  we  assume  the  existence  of  certain 
nuclei  or  centres  of  attraction;  and,  from  our  knowledge  of  the 
solar  system,  as  it  now  is,  infer  the  relative  force  which  these 
several  centres  of  attraction  must  have  exerted,  and  assign  to 
each  its  proportionate  realm.  If  now  we  find  that  the  spheres  rf 
influence  belonging  to  the  several  nuclei  are  harmoniously  con- 
nected, by  a  simple  formula,  with  the  periods  of  rotation  as  ob- 
served to-day, — an  element  before  omitted  in  our  investigations — 
we  discover  a  remarkable  corroboration  of  the  probability  of  our 
hypothesis.  This  is  what  Kirkwood's  formula  professes  to  be — 
a  simple  relation  between  the  time  of  rotation  and  the  diameter 
of  the  sphere  of  attraction. 

The  subject  being  then  a  strictly  general  one,  we  are  not  war- 
ranted in  demanding  that  exactness  of  numerical  agreement,  re- 
quisite for  the  verification  of  theories  of  a  more  special  nature. 
If,  as  circumstances  appear  to  indicate,  more  careful  investigation 
should  lead  to  the  general  adoption  of  the  theory  of  Kirkwood, 
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I  should  not  desire  that  this  should  be  denominated  a  law.  Na- 
ture's laws  must  be  precise  and  complete.  The  relation  which 
we  are  considering  claims  only  to  be  approximate — an  analogy. 
And  in  speaking  of  it,  I  shall  call  it  by  this  name,  Kirkwoo<Vs 
Analoffy.  And  where  we  have  by  hypothesis  a  right  to  expect 
analogy  and  not  perfect  accordance,  the  want  of  perfect  accord- 
ance must  not  be  considered  to  cast  doubt  upon  the  theory.  Be- 
sides, if  Kirkwood's  Analogy  were  the  result  of  a  general  law, 
would  not  the  action  of  the  law  be  modified  in  all  probability  by 
circumstances  which  would  prevent  us  from  perceiving  any  strict 
mathematical  precision?  The  considerations  which  would  be 
strong  arguments  against  hypotheses  of  other  kinds,  do  not  appear 
to  me  weighty  when  applied  to  any  thing  so  rude  as  the  motion 
of  chaotic  matter. 

There  is  a  formula  known  as  "  Bode's  law" — an  empirical  for- 
mula—expressing a  supposed  analogy,  for  which  no  reason  was 
ever  assigned  and  which,  even  before  it  was  broken  by  the  new 
planet  Neptune,  was  found  utterly  devoid  of  that  universality  and 
precision  which  must  characterize  all  laws  of  nature.  Though 
it  was  considered  a  remarkable  coincidence,  and  perhaps  as  capa- 
ble of  suggesting  some  law  of  nature,  no  true  mathematician 
could  ever  have  regarded  it  as  a  real  law.  Moreover,  Gauss  had 
shown  long  since  that  it  did  not  hold  for  Mercury. 

l^his  "  Law  of  Bode"  was  analogous  to  the  theory  of  Kepler, 
that  as  there  were  but  five  regular  solids,  there  could  be  but  five 
planetary  intervals,  and  therefore  no  planet  between  Jupiter  and 
Mars. 

Kepler's  theory  was  totally  overthrown  by  the  discovery  of 
Uranus,  as  the  other  has  been  by  the  discovery  of  Neptune. 
Bode's  law,  to  which,  by  the  way,  Bode's  name  has  been  improp- 
erly given,  would  make  the  distance  of  Neptune  beyond  the  orbit 
of  Uranus  nineteen  times  the  distance  of  the  Ebrth  from  the  Sun, 
while  it  is  in  fact  less  than  eleven  times  this  distafice  beyond  it, 
80  that  the  fallacy  of  this  formula  must  now  be  so  evident  as  to 
require  no  demonstration. 

Discordances  such  as  those  which  exist  in  the  application  of 
this  law  to  the  planetary  system,  would  afibrd  sufficient  reason 
for  rejecting  the  analogy  of  Kirkwood ;  but,  with  even  these  dis- 
cordances, the  fact,  that  a  single  formula  would  approximately 
represent  the  truth  to  so  great  an  extent,  would  justify  us  in  be- 
stowing much  time  upon  its  consideration. 

[Dr.  Gould  then  gave  a  brief  sketch  of  the  points  of  connec- 
tion between  the  nebular  hypothesis  and  the  new  analc^y, — 
showing  how  the  one  would  lead  to  the  other.] 

It  will  be  remarked  that  in  the  phrase  '<  sphere  of  attraction," 
the  word  sphere  is  not  used  in  its  geometrical  sense.  Nor  is  a 
planet  necessarily  in  the  centre  of  its  sphere  of  attraction,  for 
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upon  the  one  side,  as  is  the  case  with  the  earth,  may  be  a  planet 
comparatively  near,  and  upon  the  other  a  smaller  planet  at  a 
greater  distance ;  whence  it  is  evident  that  the  extent  of  the 
sphere  of  attraction  will  be  much  less  upon  the  former  side  than 
upon  the  latter. 

In  Mr.  Walker's  theory  he  assumes  *,  in  the  equation 

^= — .  o',  to  be  a  constant  and  equal  to  ^  ^  •  iit.tit^tt)  ^^®  ^^^^ 

k  being  nearly  2.  In  the  following  formulas  I  shall  denote  the 
quantities  which  refer  to  the  Earth  by  a  single  accent,  those  re- 
ferring to  Mars  by  two,  to  Jupiter  by  four,  and  to  Saturn  by  five, 
reserving  three  accents  for  the  hypothetical  planet  between  Mars 
and  Jupiter.  I  make  use  of  Mr.  Walker's  formula  for  the  sphere 
of  attraction  as  follows : — D  being  the  diameter  of  the  sphere,  a 
being  the  mean  distance  of  the  planet,  and  m  being  its  mass. 
For  Jupiter  we  have 

So  for  Mars  ; 


D''^y/nV 


// 


In  these  formulas  you  will  perceive  that  every  thing  is  known, 
except  the  mass  and  distance  of  the  new  planet ;  or  the  old  plan- 
et, if  you  please.  The  only  assumption  is  the  truth  of  the  neb- 
ular hypothesis.  If  we  knew  the  values  of  y>>^  and  />'',  the 
spheres  of  attraction  of  Jupiter  and  Mars,  we  should  have  two  equa- 
tions and  but  two  unknown  quantities,  o'''  and  m''\  and  should 
thus  have  this  planet  restored  by  the  nebular  hypothesis  alone. 

I  have  assumed  in  the  computation  for  the  value  of  A,  not  2, — 
the  constant  which  Mr.  Walker  supposes  it  to  be,  not  only  from 
his  calculations,  but  from  a  priori  reasoning, — but  the  mean  of 
the  values  obtained  from  each  planet,  using  the  masses  as  given 
in  the  books,  though  afiected  of  course,  with  some  inaccuracy. 

Now  recurring  to  the  above  phetiomena,  let  us  take,  for  the 
sake  of  convenience, 

^.       /     a^  —  a)^     \    .    . 


Ca"  —  g'      \ 


and  then  we  have, 


and  hence  ^m'"=^' 
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Here  all  the  quantities  on  one  side  are  known,  and  we  nse  the 
mass  of  the  new  planet  thus  obtained  for  the  solution  of  the 
problem.  This  being  substituted  in  either  of  the  previous  equa- 
tions, will  give  us  the  mean  distance  of  the  planet. 

^    w.^  ,     ^    ^'''     ^ 

Or,  if  for  convenience  we  make  -nV-^^C 

IS    nv^ 

we  shall  have —        a''= TTr^ — 

1  +  G 

Now  the  only  question  is  as  to  the  value  to  be  adopted  for  Mr. 

Walker's  constant,  which  it  seems  to  me  should  be  deduced  from 

observation  only. 

In  computing  the  value  of  k,  I  obtain  for 

Venus, 1.9374 

Earth, 1.9030 

Saturn, 1.9763 

The  mean  of  this, 1.939 

is  the  quantity  assumed  for  k,  in  obtaining  the  results  of  which  I 
shall  speak  ;  these  three  planets  being  the  only  ones  (o  which  the 
formula  can  be  applied.  It  will  be  seen  that  the  values  obtained 
are  most  confirmatory  of  Mr.  Walker's  results.  Unless  we  suppose 
the  nebular  matter  to  have  been  equally  distributed  through  the 
solar  system,  we  could  not  expect  to  find  k  absolutely  constant^ 
even  if  it  were  an  approximation  to  the  number  2. 

Prof.  Walker  here  remarked  that  the  constant  used  by  Dr. 
Gould  answered  better  than  the  constant  2. 

Dr.  Gould  continued, — We  do  not  know  the  extent  of  Mercury's 
influence  inside  its  orbit,  and  hence  cannot  know  the  diameter  of 
its  sphere  of  attraction.  Nor  can  we  apply  the  formula  to  Mars  or 
to  Jupiter,  for  we  do  not  know  what  planet  may  have  been  be- 
tween them.  We  cannot  apply  it  to  Uranus,  for  we  do  not  know 
its  period  of  rotation.  There  remain  but  the  three  planets  men- 
tioned above. 

Calculating,  from  the  equations  thus  developed,  the  mass  and 
distance  which  would  belong  to  a  planet  between  Mars  and  Jupi- 
ter, and  thence,  by  Eirkwood's  analogy,  the  corresponding  time 
of  rotation,  we  do  not  find  it  so  great,  that,  by  mere  centrifugal 
force,  the  planet  could  have  been  exploded,  and  its  mass  scattered 
in  the  form  of  asteroids. 

From  a  very  rough  computation  of  the  place  and  size  of  the 
hypothetical  planet,  I  obtain  a  mean  distance  3. 12, — and  a  mass 
y^^»^^^.  This  mass  is  very  much  smaller  than  the  mass  of  our 
earth,  and  would  agree  with  the  supposition  of  a  small  planet, 
smaller  even  than  Yenus,  but  would  be  at  least  equal  in  size  to 
twelve  or  fifteen  Asteroids. 
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This  gives  rise  to  a  great  many  speculations,  most  interesting 
and  important  in  their  bearing  upon  the  theory  of  the  universe. 
I  wish  to  dwell  upon  the  fact  that  we  neither  know  accurately 
the  period  of  rotation,  or  the  mass  of  most  of  the  planets.  The 
only  element  which  is  really  well  known,  is  the  distance  of  the 
primary  (Janets  from  the  sun.  Then  there  is  the  difficulty  to 
which  I  also  alluded,  in  ascertaining  the  magnitude  of  spheres  of 
attraction,  that  we  cannot  assume  the  nebulous  matter  to  be 
equally  dense;  so  that  it  cannot  be  demanded  that  the  analogy 
should  be  very  accurately  expressed  by  any  given  data. 

It  is  now  extremely  important  that  observations  should  be 
made  upon  the  periods  of  the  rotation  of  several  planetary  bodies, 
and  it  is  much  to  be  desired,  as  bearing  upon  this  problem,  that 
those  who  occupy  themselves  with  what  may  be  called  the  natu- 
ral history  of  astronomy  should  determine  the  times  of  rotation 
anew,  and  thus  enable  us  to  decide  upon  the  truth  of  a  law,  the 
discovery  of  which  may  be  important  in  the  history  of  astronomy. 

Prof.  Walker  made  a  remark  on  Saturday,  with  reference  to 
the  position  to  which  Mr.  Kirkwood  will  be  entitled,  should  his 
theory  be  found  true.  The  Section  seemed  surprised  at  this  re- 
mark. I  do  not  wish  to  express  myself  strongly,  but  certainly 
when  we  look  back  upon  the  labors  of  Kepler,  who  strove  so 
many  years  with  results  so  unpromising,  until  he  discovered  the 
laws  which  underlie  the  whole  fabric  of  our  solar  system,  and 
then  turn  to  Mr.  Kirkwood,  a  teacher  in  the  interior  of  Pennsyl- 
vania— who  without  the  sympathies  of  kindred  minds,  or  the 
use  of  any  library  of  magnitude — ^without  calling  even  upon  the 
aid  of  strict  mathematical  analysis — has  fixed  his  attention  upon 
this  one  problem,  and  investigated  it  in  all  its  bearings,  until  after 
ten  years  of  patient  thought  and  labor,  he  has  arrived  at  such  a 
result  as  this — we  cannot  but  be  struck  with  the  similarity  of  the 
two  cases ;  nor  can  we  consider  it  as  very  derogatory  to  the  for- 
mer to  speak  hereafter  of  Kepler  and  Kirkwood  together  as  the 
discoverers  of  great  planetary  harmonies. 


Abt.  V. — On  the  Natural  Terraces  and  Ridges  of  the  country 
bordering  Lake  Erie;  by  Charles  Whittlesey,  of  Cleve- 
land, Ohio. 

Through  the  assistance  of  the  engineers,  engaged  at  various 
times,  in  surveys  for  railroads  and  canals  in  Northern  Ohio,  I  have 
been  enabled  to  determine  the  elevation  of  our  ''  Lake  ridges"  at 
numerous  points,  between  the  Pennsylvania  line  and  Sandusky 
Bay,  a  distance  of  130  miles.  I  am  more  particularly  indebted 
for  these  levels  to  J.  H.  Sergeant,  Esq.,  who  has  nm  several  lines 
west  of  Cleveland,  and  to  Messrs.  Uarback  and  Smith,  engineers 
for  the  Cleveland,  Painesville  and  Ashtabula  Railroad  Company. 
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When  these  siinrejrs  do  not  cross  the  ridges  and  terraces,  tbey 
have  still  been  the  basis  upon  which  by  short  cross  levels  taken 
with  a  pocket  instrument,  I  have  obtained  the  elevations  ]  and 
the  results  I  think,  cannot  be  wide  of  the  truth. 

There  may  be  an  extreme  discrepancy  of  three  feet  among 
them,  however,  arising  from  changes  in  the  surface  of  the  Lake, 
which  is  the  common  plane  of  reference. 

My  opinion  has  been  for  many  years,  that  the  "ntf^cs"  are 
not  "ancient  beaches"  of  the  Lake,  although  some  of  the  terrcLces 
may  be.  It  is  indispensable  to  a  beach,  that  it  should  at  its  foot 
or  water  line  be  perfectly  horizontal  The  Lake  ridges  are  not 
so;  and  this  fact,  taken  with  the  external  form  which  they  as- 
sume, clearly  gives  them  the  character  of  svbmarine  deposits. 

There  are  points  on  this  coast  where  there  are  four  ridges  ris- 
ing in  succession  from  the  Lake,  as  in  the  township  of  Ridge- 
ville,  Lorain  County.  In  other  places  there  are  three,  as  from 
Geneva  to  Ashtabula;  from  Euclid  through  Painesville  to  Ge- 
neva, two ;  and  from  Cleveland  to  Euclid,  one.  There  are  places 
where  it  is  difficult  to  trace  any ;  and  in  others  as  at  the  city  of 
Cleveland,  where  there  are  two  or  three  branches  or  divisions  of 
one  ridge  for  short  distances,  all  about  the  same  level  and  liable 
to  terminate  suddenly.  The  ridges  are  sometimes  upon  the  crest 
of  a  terrace,  and  sometimes  lie,  like  a  highway  of  water-washed 
sand,  on  the  gently  inclined  surface  of  a  plain,  that  descends  to- 
wards the  Lake.  Prom  a  regular  and  beautiful  elevated  road- 
way, the  ridge  occasionally  breaks  into  sand  knolls,  as  at  Avon 
Centre,  Lorain  County;  at  Ohio  City  near  Cleveland,  and  at 
Painesville,  Lake  County. 

Where  nothing  to  the  contrary  is  stated,  the  height  given  is 
that  of  the  summit  of  the  ridge,  terrace  or  knoll.  The  first  ridge, 
or  that  nearest  the  Lake,  is  known  in  the  county  as  the  "  North 
Ridge."  The  others  have  diJTerent  names  at  different  places;  as 
the  "  Middle  Ridge,"  "  Chesnut  Ridge,"  "  Butternut  Ridge,"  and 
"  South  Ridge." 

Elevation  of  the  North  Ridge,  beginning  at  the  Eastern  part  of 
the  Western  Reserve. 

Conneaut,  Ashtabula  Co.,  above  Lake  Erie,    .        .  120  feet 

One  mile  west, 146  " 

Four  miles  east  of  Ashtabula  village,     .        .        •  132  << 

(Base  of  same  for  several  miles,  85  to  95.) 

County  line  between  Lake  and  Ashtabula  Co.,  )  «q^  << 

northern  slope  of  North  Ridge,  J     * 

Eight  miles  west  in  Lake  County,          .        .        .  126  " 

Centreville,  1  mile  north  of  village,        •        .        .  105  " 

Painesville, 120  " 

Mentor — well  defined  for  2  miles  level,  .        .        .  109  '^ 
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Willoiighby, 85  feet- 
Seven  miles  east  of  Cleveland,               .        «  112  to  118 
Three     "       "     "          «...        .  113  «  118 
Two      "       "    "         «        at  crossing  of)  .oo 

Cleveland  and  Pittsburg  Railroad,       .       )  .     i^o 

Cleveland  city, '  96  to  108 

Ohio  City, 114 

Rockport,  Rocky  River, 90 

One  mile  west,     .         .  .         105,  107  and  126 

Avon,  Lorain  Co.,  east  of  Centre  one  mile,     .        .      85 

"  "       "    Centre  sand  knolls,     .        .        .105 

Russelton,  Lyme,  Huron  Co.,        ....     120 

This  table  embraces  a  distance  of  one  hundred  and  twenty 
(120)  miles,  where  it  appears  the  lowest  summit  is  85  feet,  and 
the  highest  145,  showing  a  difference  in  longitudinal  direction  of 
60  feet.  I  have  not  visited  all  the  positions  here  given,  but  the 
greater  part  of  them,  and  for  the  rest  am  informed  by  the  engin- 
eers that  there  is  no  higher  ground  between  the  ridge  and  the 
Lake.  Tn  all  cases  there  is  a  smooth  uninterrupted  plain,  on  the 
Lake  side,  over  which  the  water  of  the  Lake  is  everywhere  visi- 
ble, when  the  forest  timber,  which  is  heavy,  is  cleared  away.  It 
is  variously  composed  of  blue  marly  clay,  of  coarse  drift  called 
"blue"  and  "yellow  hardpan,"  and  of  coarse  sandy  and  gravelly 
drift ;  but  the  soil  is  for  the  most  part  clayey,  and  wet  between 
and  below  the  ridges.  The  streams,  little  and  great,  cut  deep 
and  steep  gullies  through  the  superficial  deposits,  and  also  into  the 
rocks  below.  Prom  the  cliff  limestone  at  Sandusky,  eastward 
and  to  the  state  line,  the  superficial  matter  rests  on  slates,  sand- 
stones and  shales,  corresponding  to  the  Hamilton,  Chemung  and 
Portage  groups,  of  the  New  York  Reports. 

Elevation  of  the  second  Ridge,  called  the  "  /Sbti^A"  and 
'' Middle^'  Ridge. 

Near  Kingsville,  Ashtabula  County,  (south  ridge,) 

Centreville, a 

Two  miles  east  of  Cleveland,  " 

Two  miles  southwest  of  Ohio  City,  middle 
Dover  Centre,  12  miles  W.  of  Cleveland,  " 
Rockport,  7  miles  "  "  " 

Ridgeville,  Lorain  County,  " 

This  ridge  is  more  broken  and  less  continuous  than  the  first, 
or  "  north  ridge,"  and  is  in  general  heavier.  In  Rockport,  Dover 
and  Ridgeville,  on  the  northern  or  Lake  slope,  it  is  from  16  to  20 
feet  above  the  base  at  its  foot,  and  on  the  rear  5  to  10  feet.  Be- 
hind it,  as  with  all  the  ridges,  is  flat,  swampy  land,  and  small 
rivulets  that  drain  the  low  ground,  running  parallel  with  the 
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swell,  to  some  creek,  or  occasionally  breaking  through  towards 
the  Lake.  These  lands  are  very  rich,  and  with  a  moderate  ex- 
pense are  drained  by  ditches  cut  through  the  ridge.  The  slope 
of  the  flat  lands  between  and  before  the  ridges  is  sufficient  to 
carry  off  all  the  water  in  ditches  that  have  a  free  current.  Most 
of  this  land  is  coming  under  the  plough  in  this  manner,  although 
it  is  equally  well  calculated  for  grass.  No  country  can  possess 
more  rural  beauty  than  that  along  these  "ridge  roads."  The 
land  in  a  longitudinal  view,  is  apparently  level,  as  far  as  the  eye 
can  reach ;  and  the  buildings  congregated  along  the  line  of  the 
road  appear  to  be  arrayed  in  curv^  lines,  gently  waving  to  the 
right  and  left  as  you  proceed.  Looking  from  one  of  the  interior 
ridges,  which  are  generally  perceptibly  higher  than  the  next  one 
towards  the  Lake,  if  the  timber  is  not  standing,  another,  and 
rudely  parallel  row  of  farm  houses,  bams,  orchards,  &c.,  is  seen 
at  the  distance  of  one,  two  or  three  miles ;  the  intermediate  space 
perfectly  smooth  and  cultivated,  and  beyond  lies  the  blue  water, 
and  the  horizon. 

The  composition  of  one  ridge  does  not  materially  differ  from 
another.  It  is  formed  of  coarse,  water-washed,  yellowish  sand, 
or  of  fine  gravel,  principally  the  comminuted  portions  of  the 
adjacent  rocks.  The  rocky  fragments  are  not  generally  worn 
perfectly  round,  or  oblong,  as  beach  shingle  is,  but  are  more  flat, 
with  worn  edges.  There  are  mingled  with  the  sandstones  and 
shales  that  compose  this  gravel,  scattered  pieces  of  quartz,  flint, 
also  granite,  and  trappean  rocks,  limestone  and  ironstone. 

The  basis  of  the  ridge  corresponding  with  the  impervious 
clayey  soil  between,  gives  rise  to  a  great  many  springs  on  the 
Lake  or  lower  side ;  and  this  water  frequently  deposits  bog 
iron  ore,  that  has  been  used  extensively  in  furnaces  along  the 
lake  shore. 

From  near  Dover  Centre,  west  to  Elyria,  and  even  to  Vermill- 
ion River,  the  second  or  "  middle  ridge,"  rests  on  a  coarse  grained 
sandstone  or  '^  grindstone  grit,"  which  farther  east  in  Cuyahoga 
County  rises  above  the  level  of  the  Lake  ridges.  Between  the 
Black  and  Vermillion  rivers,  I  have  not  succeeded  in  procuring 
the  elevations.  Here  they  are  well  developed,  and  show  more 
branches  or  collateral  lines,  extending  from  one  ridge  to  another, 
than  is  observed  farther  east. 

By  digging  shallow  wells,  the  inhabitants  find  water  in  abund- 
ance, and  generally  good.  In  these  wells  from  12  to  18  feet  deep, 
there  are  thrown  out  as  a  common  occurrence,  sticks,  timber  and 
leaves,  in  a  decaying  state.  I  have  in  my  cabinet  some  pieces  of 
this  wood,  furnished  by  Dr.  Moore  of  l")over,  who  took  it  from  a 
bed  of  carbonaceous  matter  in  a  well  of  his,  twelve  feet  below 
the  surface.  The  well  is  situated  on  the  middle  ridge,  163  feet 
above  the  Lake.    Pieces  of  timber  six  inches  through  have  been 
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found,  represented  as  being  water-worn  like  drift-wood.  Those 
in  my  possession  are  solid,  with  a  very  fine  grain  resembling  the 
willow. 

Dr.  Moore,  an  intelligent  physician  of  my  acquaintance,  says 
he  has  seen  shells  thrown  from  the  bottom  of  wells,  resembling 

periwinkles,"  a  common  name  for  Lymnea.  Similar  shells  in 
fragments  are  said  to  have  been  thrown  from  a  pit  two  miles  west 
of  Cleveland,  on  the  north  ridge.  In  the  <^  blue  marly  clay"  be* 
neath  this  ridge,  I  have  found  a  Helicina,  and  a  Planorbis,  shells 
characteristic  of  the  loess  of  the  Rhine,  and  of  St.  Louis,  and 
the  Wabash  in  Indiana.  The  palseontological  evidence  is  there* 
fore,  as  far  as  it  goes,  in  favor  of  the  idea  of  very  recent  and  fresh 
water  deposits. 

li  will  be  seen  from  the  second  table  of  heights,  that  the  great- 
est difference  is  there  forty-six  feet ;  and  that  the  summit  of  the 
ridge  rises,  from  Rock  port  to  Dover  in  seven  miles,  thirty-three 
feet,  but  from  Dover  to  Ridgcville,  six  miles,  it  is  nearly  level. 

Through  these  two  distances,  making  thirteen  miles,  the  height 
of  the  ridge  above  its  base  is  about  the  same,  from  sixteen  to 
twenty  feet ;  and  consequently  the  base  has  an  equal  rise  in  a 
longitudinal  direction.  Two  miles  west  of  Ridge ville  Centre, 
the  top  of  the  middle  ridge  has  descended  from  108  to  149  feet. 
The  foot  of  the  north,  or  first  ridge,  and  of  the  terrace  on  which 
it  is  frequently  situated,  approaches  nearer  to  a  horizontal  line 
than  the  ridge  itself,  but  still  differs  from  a  perfect  level.    It  is  at 

Conneaut  Creek, 75  feet. 

Four  miles  east  of  Ashtabula,      .        .        .        .      85  ^^ 

Several  miles  west  of      "  ....       95  " 

Painesville, 85  " 

East  of  Willoughby.  several  miles,       .        .      60  to  65  " 

Three  miles  west  of  Willoughby,         .        .        .       60  " 

Euclid  Creek,  12  miles  east  of  Cleveland,     .      76  to  85  '^ 

Seven  miles  east  of  "...     105  " 

Two       «  <«  "...     102  " 

Ohio  City, 75  " 

Rockport, 70  " 

Avon, 70  " 

It  is  not  easy  to  determine  with  precision  where  the  base  or 
foot  of  a  ridge  graduates  into  the  plain  ,*  and  consequently  there 
is  not  that  accuracy  in  the  elevations  for  the  base,  just  given,  that 
we  attain  when  measuring  the  summit  or  crest.  But  they  are  a 
close  approximation,  and  although  remarkably  unifom),  are  by 
no  means  equal,  as  they  should  be  if  the  base  of  the  ridge  repre- 
sented an  ancient  coast-line;  the  greatest  difference  being  forty- 
five  feet,  or  about  the  sancie  as  the  variation  along  the  top  of  the 
second  ridge. 
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There  are  but  few  measnrements  in  my  reach  of  the  third  and 
fourth  ridges.  In  Huron  County,  south  of  RusseUon,  there  are 
two  low  swells  of  land  parallel  with  the  shore,  apparently  about 
on  a  level  with  each  other,  and  not  much  above  the  main  ridge 
at  Russelton,  which  is  reported  at  120  feet. 

The  third  ridge,  in  Ridgeville,  Cuyahoga  County,  is  one  mile 
southerly  from  the  second  or  ''  middle  ridge,"  and  is  not  very 
prominent,  rising  six  to  ten  feet  above  the  low  ground.  At  this 
place  it  is  186  feet  above  the  lake,  or  eighteen  feet  above  the 
middle  ridge,  and  eighty-one  above  the  highest  part  of  the  north 
ridge  in  Avon,  five  miles  north. 

The  fourth  or  last  and  highest  well  defined  Ridge. 

2i  miles  southwest  of  Ohio  City,         .         •  .     173  feet 

1 J  miles  southeast  of  Ridgeville  Centre,  .  .  203  " 
West  bank  of  west  fork  of  Black  River,  Elyria,  196  " 
Distance  embraced,  twenty-five  miles. 

The  materials  of  the  most  southerly  or  interior  ridge,  are  in 
general  coarser  than  in  the  others,  showing  a  more  violent  or  less 
lasting  aqueous  action.  This  is  observed  everywhere  at  the 
west.  The  more  elevated  the  drift,  the  more  does  it  exhibit  the 
effects  of  strong  currents  in  the  transportation  of  large  pieces  of 
rock,  in  the  shape  of  coarse  gravel.  The  lower  portions,  espe- 
cially those  that  lie  near  the  surface  of  the  great  Lakes,  not  only 
on  Lake  Erie,  but  on  Michigan  and  Superior,  are  fine,  argillaceous 
or  marly,  laminated,  and  with  few  pebbles. 

The  terraces  have  not  been  as  much  noticed  as  the  ridges,  and 
consequently  their  height  is  not  as  well  known.  From  Rock- 
port  to  Avon,  the  north  ridge  is  upon  the  edge  of  a  terrace,  the 
foot  from  seventy  feet  above  the  lake,  down  to  sixty  feet ;  its 
crest  from  one  hundred  and  five  down  to  eighty-five.  Directly 
opposite  this,  about  five  miles  more  inland,  a  considerable  portion 
of  the  fourth  or  south  ridge,  (known  as  the  *' Butternut,")  is  also 
on  a  terrace  of  about  twenty  feet,  on  its  northern  face ;  in  fact  all 
the  ridges  partake  of  the  naturo  of  terraces,  in  places ;  the  north- 
ern slope  being  generally  the  longest.  But  the  geological  com- 
position of  the  terrace  on  which  the  ridge  rests  is  different,  and 
either  a  rock  or  a  drift  of  more  compact  and  resisting  kind. 

Between  Newburgand  Euclid,  nine  miles,  the  northern  face  of 
the  terrace  is  very  bold,  its  base  from  120  to  150  feet,  and  its  crest 
200  to  225  feet.  It  is  here  composed  of  fine  grained  sandstone 
(Waverly),  and  blue  and  red  shales.  East  of  Euclid,  the  terrace 
sometimes  divides  into  two,  the  lower  one  supporting  the  north 
ridge.  It  is  (he  same  for  several  miles  east  of  Willoughby,  the 
crest  of  the  first  or  lowest  terrace  being  about  one  hundred  feet 
and  its  base  seventy  to  eighty  feet,  and  formed  of  blue  hardpan 
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resting  on  shales.  In  Erie  County,  on  the  line  of  the  Mansfield 
railroad,  it  is  eomposed  of  cliff  limestone  supporting  black  slate; 
its  base  about  130,  and  its  summit  180  feet. 

It  will  be  interesting  now  to  compare  the  elevations  above 
given,  for  ridges  in  Western  Ohio,  with  those  of  the  great  lakes 
in  other  states.  In  Michigan,  at  the  cast  line  of  Washington 
county  east  of  Ann  Arbor,  is  a  well  defined  ridge  running  nearly 
north  and  south,  whose  summit  is  140  feet  above  Detroit  River, 
at  Detroit.  Around  Monroe,  in  Wayne  county,  Michigan,  are 
some  irregular  sand  ridges,  not  more  than  thirty  feet.  They 
are  also  visible  on  the  north  shore  of  Lake  Erie,  in  the  fiat  coun« 
try  between  Erie  and  Huron ;  their  elevation  is  not  known,  but 
they  are  apparently  as  high  as  200  feet. 

Mr.  Roy,  a  Canadian  engineer,  has  made  a  section  across  the 
ridges  back  of  Toronto  to  Lake  Sinocoe,  as  reported  by  Mr.  Lyell, 
and  has  given  their  respective  elevations  as  follows : 

No.  1.— one  mile  north  of  Toronto,  20  to  30  feet  high — 

base  above  Lake  Ontario,   ....     108  feet. 

No.  2.— 2J  miles  from  Toronto,  60  to  70  feet  high- 
base  above  Lake  Ontario,    ....    208    " 

No.  3. — 5  miles  from  lake — 10  feet  high — summit,     288    " 

Five  other  ridges  or  terraces  arc  given  by  Mr.  Hall,  in  the  ge- 
ology of  the  4th  district  of  New  York ;  also  on  the  authority  of 
Mr.  Roy,  referring  apparently  to  the  elevation  of  their  base. 

No.  4. — above  Lake  Ontario,  ....  308  feet. 

No.  6.        "         "         « 344    " 

No.  6.        «        «         " 420    " 

No.  7.        "        "         '' 680    " 

No.  8.        «        "         ".....  762    " 

Mr.  Lyell  observed  eleven  ridges  between  the  Lake  and  the 
summit  for  Lake  Simcoe,  the  elevation  of  the  eleventh,  or  last 
and  highest,  corresponding  with  No.  7,  of  the  New  York  Report. 
The  elevation  of  Lake  Erie  above  Ontario  is  generally  stated  at 
332  feet,  so  that  the  three  first  ridges  or  terraces,  in  rear  of  To- 
ronto, are  below  the  surface  of  Lake  Erie. 

Mr.  Barrett,  a  New  York  engineer,  furnished  Mr.  Hall  with  the 
height  of  some  points  on  the  Lockport  ridge,  south  of  Lake  On- 
tario and  opposite  Toronto.     They  are  as  follows : 

At  Lockport, 168  feet. 

Middleport,  10  miles  east, 186    " 

Albion,  Orleans  county, 188    " 

Brockport,  Monroe  county, 188    " 

None  of  these  correspond  in  height  with  those  on  the  north 
shore,  as  they  should  do  if  they  were  the  result  of  littoral  action 
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at  a  beach,  for  the  surfoce  of  the  water  would  be  level.  If  we 
suppose  them  to  have  been  formed  in  that  manner,  when  the 
water  stood  at  the  base  of  a  ridge,  the  rivers  must  have  discharged 
at  the  same  level.  Here  should,  on  that  hypothesis,  be  found  del- 
tas, and  evidence  of  bays  or  lagoons.  The  waters  having  settled 
away,  at  the  present  period  the  streams  discharge  at  a  lower  level, 
their  channels  being  worn  deeper  and  larger,  cutting  through  the 
ridges  and  terraces  that  lie  between  the  present  and  the  ancient 
level.  If  the  ancient  mouth  was  at  a  point  different  from  that 
where  the  present  channel  cuts  a  ridge,  it  should  be  visible  in  the 
present  form  of  the  ridge.  If  it  was  at  the  same  point,  there 
should  be  tnarks  of  such  action  as  always  accompanies  the  meet^ 
ing  of  running  currents  with  dead  water.  But  our  streams  ap- 
pear to  cut  the  ridges  as  though  they  were  barriers  preexisting, 
and  broken  through  by  the  current. 

Terraces  composed  of  the  rocks  or  other  general  deposits  of  a 
country,  appear  to  be  much  stronger  proof  of  ancient  shores  than 
limited  sand  ridges.  When  we  rise  above  240  feet  from  Lake 
Erie,  the  well  defined  terraces  disappear;  and  from  that  line  to 
600  to  650  feet,  the  general  elevation  of  the  table  land  in  North- 
eastern Ohio,  the  surface  presents  a  confused  arrangement  of  heavy 
drift,  covering  the  rocks  at  various  depths,  in  long  massive  knolls, 
without  ranges  or  parallelism.  Towards  the  west,  the  summits 
of  the  lake  streams  are  lower,  and  the  present  surface  of  North- 
western Ohio  and  Northern  Indiana,  of  Illinois,  Michigan,  New 
York  and  Canada  West,  with  much  of  Wisconsin  and  Iowa, 
would  be  submerged  by  a  sea  rising  250  feet  above  Lake  Erie,  or 
815  above  the  ocean. 

The  Wabash  and  Maumee  summit,  at  Fort  Wayne,  Indiana,  is 
■246  feet  above  Lake  Erie.  The  summit  between  the  waters  of 
Saginaw  Bay,  and  of  Lake  Michigan,  .  108  ft.  above  L.  Erie. 
Summit  between  Pishtaka  and  Rock  River  \  ovq     u  a 

in  Illinois, ) 

Lake  Winnebago,        ....         177    "  " 

Summit  between  Lake  Ontario  and  Lake  >  «g,^    ^^  ^^ 

Simcoe,  Canada,      .         .         .         .      / 
Mouth  of  St.  Peter's  River,  Port  Snelling, 

Minesota, 179     "  " 

Missouri  River  at  Fort  Ijcavenworth,  west )  ^g^     ji  „ 

line  of  state  of  Missouri,  .         .         .      ) 

If,  therefore,  the  relative  level  of  the  land  was  the  same  as  now, 
when  the  diluvial  sea  existed  at  high  levels,  its  extent  must  have 
been  very  great,  at  the  supposed  stage  of  250  feet  above  Lake 
Erie.  At  this  or  any  other  supposable  stage,  if  it  remained  sta- 
tionary long  enough  to  form  cliffs  and  banks  at  one  place,  it 
would  produce  the  same  effects,  in  kind  if  not  in  degree,  at  an- 
other ;  and  we  should  be  able  to  trace  beaches  or  shores  over  all 
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the  vast  west,  for  soch  cliffs  are  due  to  the  action  of  winds  and 
waves,  always  in  operation  on  bodies  of  water.  Bnt  under-sur- 
face  currents  are  not  universal,  or  in  such  general  operation  as  to 
fonn  everywhere,  bars  and  longitudinal  banks  or  spits.  If  the 
Atlantic  Ocean  should  suddenly  settle  one  hundred  feet,  or  any 
other  distance,  would  there  not  remain  a  distinct  shore,  well  de- 
fined and  traceable  its  entire  length  ?  At  the  mouth  of  some 
rivers  and  bays  or  inlets,  would  be  seen  limited  sand  ridges,  their 
bases  upon  an  exact  level.  On  the  ancient  bed  of  the  sea  oppo- 
site sandy  coasts,  like  North  Carolina  and  New  Jersey,  would  ap- 
pear long,  narrow  and  rudely  parallel  ridges,  of  such  materials  as 
are  easily  moved  by  currents,  that  would  not  be  level  longi- 
tudinally. 

The  evidence  of  the  existence  of  ancient  currents  acting  upon 
the  drift,  regularly  and  irregularly,  is  abundant.  They  have  act- 
ed at  all  elevations,  as  well  on  the  highest  lands  in  Ohio  at  1350 
feet  above  the  tide,  as  at  the  sources  of  the  Mississippi,  1680  feet. 
The  evidence  is  that  they  were  powerful,  and  in  general  erratic 
or  irregular  and  fitful.  Such  currents  would  not  leave  ridges,  but 
rounded  elevations.  For  this  discussion  it  is  immaterial  whether 
the  relative  change  in  the  level  of  land  and  water  was  due  to 
subsidence  or  ufdieaval.  The  change  has  taken  place,  and  before 
that  period  there  were  at  great  depths  currents  of  water,  both 
gentle  and  strong,  giving  form  to  the  present  exposed  surface  of 
the  earth. 

It  is  to  this  wide-spread  power  that  we  must  resort,  to  explain 
most  of  the  diluvial  phenomena  which  are  observed.  What  can 
be  reasonably  assigned  to  the  wearing  action  of  waves  along  a 
coast  line,  is  limited  and  not  pervading ;  not  an  universal,  but  a 
local,  tardy  and  inefficient  geological  agent. 


Art.  VI. — On  the  Quetntitf/  of  Heat  evolved  from  Atmospheric 
Air  by  Mechanical  Compression;  by  John  Garric,  M.D. 

Phtsical  science  teaches  us  that  condensation  of  matter  is, 
with  a  few  apparent  exceptions,  an  invariable  source  of  heat. 
Atmospheric  air,  subjected  to  mechanical  compression,  evolves  it 
in  large  quantities,  and  in  proportion  lo  the  degree  of  force  ap* 
plied.  But  though  this  general  fact  is  well  known,  and  has  been 
examined  by  numerous  and  able  experimenters,  the  numerical 
quantities  of  heat  furnished  by  given  volumes,  under  given  pres- 
sures, have  never  been  accurately  ascertained.  It  may,  indeed, 
be  said  that  there  is  scarcely  a  subject  in  the  whole  range  of  nat- 
ural philosophy,  which  has  elicited  more  discordant  results. 

Every  phenomenon  of  nature  possesses  in  itself  an  interest 
well  calculated  to  excite  the  mind  to  an  investigation  of  its  cause. 
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In  acquiring  a  right  understanding  of  the  part  it  play^  in  the  gen* 
eral  system  and  economy  of  nature  there  is  a  gratification  inde- 
pendent of  all  pecuniary  or  selfish  considerations.  But  in  the 
solution  of  the  question,  '^  what  is  the  quantity  of  heat  given  out 
by  the  condensation  of  air  ?"  there  is  a  more  immediate  interest 
arising  from  the  practical  use  to  which  the  fact  may  be  applied. 
It  is  favorable  to  the  interests  of  science  that  the  prospective  value 
of  the  knowledge  has  justified  experiments  on  this  subject,  as 
objects  of  commercial  speculation ;  for  otherwise  its  full  elucida- 
tion would  require  an  outlay  of  money  too  heavy  to  be  expended 
by  the  mere  lover  of  uature. 

The  atmosphere,  from  any  thing  we  can  observe  taking  place 
in  it,  afibrds  but  a  remote  and  insignificant  idea  of  the  extensive 
relation  existing  between  it  and  heat.  Our  sensations  may  indi- 
cate sufiering  from  diminution,  or  inconvenience  from  exaltation 
of  temperature,  and  the  thennometer  may  mark  the  extent  of  its 
changes ;  but  neither  furnishes  us  with  any  evidence  of  the  abso- 
lute or  even  the  comparative  quantity  of  caloric  in  air.  Other 
considerations,  however,  present  us  with  reasons  for  believing 
that  it  contains  more  of  the  principle  of  heat,  in  proportion  to  its 
absolute  quantity  of  matter,  than  any  other  body  found  in  a  natu- 
ral state.*  Though  not  experimentally  demonstrable,  it  cannot 
be  doubted  that  the  aerial  form  of  the  atmosphere,  like  that  of 
vapors,  is  caused  by  the  presence  of  a  definite  amount  of  heat. 

Air  may  be  condensed  and  dilated  any  number  of  times,  and 
there  will  be  with  each  change,  a  simultaneous  and  proportional 
diffusion  and  absorption  of  heat.  The  determination  of  the 
quantities  of  caloric  thus  alternately  set  free  and  rendered  latent, 
is,  apparently,  a  simple  problem,  which  it  is  generally  thought 
can  be  easily  solved.  But  to  furnish  precise  results  not  only 
is  science  and  experimental  skill  demanded,  but  quantities  of 
air  must  be  used  which  imply  a  magnitude  of  apparatus,  with 
facilities  for  manipulation,  such  as  private  philosophers  can  rarely 
command.  It  is  true  that  if  "instruments  be  exceedingly  ex- 
act, and  an  experimenter  be  fully  equal  to  the  task  of  using 
them  properly,"  the  error  upon  moderate,  may  be  quite  as  small 
in  proportion  as  upon  large  quantities  of  most  substances*  But 
in  this  assumption,  qualifications  are  implied  to  which  few  ex- 
perimenters can  lay  claim ;  nor  when  possessed,  would  they  be 
adequate  to  insure  perfect  accuracy  in  operating  upon  so  attenu- 
ated a  fluid  as  air  which  larger  apparatus  might  attain. 

In  the  attempts  to  determine  the  quantities  of  heat  set  free  or 
absorbed  by  changes  in  the  volume  of  air,  these  principles  are  well 

*  Acconling  to  what  are  considered  the  most  accurate  ezperimeots  and  dedoo- 
tions  on  tbia  subject,  the  absolute  heat  of  atmospheric  air,  estimating  it  from  the 
standard  of  the  absolute  heat  of  water,  viz.  1,000 — is  18,000.  See  Mudie  on  the 
tor,  page  116. 
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illustrated ;  they  have  been  rendered  very  difficult  and  replete  with 
errors,  from  the  delicacy  of  manipulation  employed,  and  the  conse- 
quent minuteness  of  result  to  be  ascertained.  Limited  by  the  con- 
venience and  necessity  of  economy,  philosophers,  in  their  experi- 
ments on  this  subject,  have  been  in  the  practice  of  using  very  small 
quantities  of  air.  Thus  narrowed,  the  endeavors  to  ascertain  the 
quantity  of  heat  evolved  by  the  condensation  of  such  a  fluid, 
surrounded  as  it  must  be,  by  a  comparatively  great  weight  of 
matter,  and  extent  of  conducting  surface,  have  produced  an  ap- 
parent effect  so  insignificant,  or  the  means  of  measuring  it  have 
been  so  imperfect  that  it  cannot  be  said  truth  has  been  approached. 

In  an  investigation  for  the  improvement  of  science,  and  still 
more  when  it  is  proposed,  as  in  the  present  instance,  to  apply  it 
to  practical  purposes,  it  is  highly  important  to  fix  and  determine 
essential  data.  So  indispensable  are  they  to  any  useful  result, 
that  too  much  care  and  nicety  cannot  be  spent  on  them ;  be- 
cause when  once  done  with  the  accuracy  of  truth,  they  not  only 
lay  a  foundation,  upon  which  we  may  without  rashness  hazard 
fame  and  fortune,  but  they  save  much  labor  by  forming  a  con- 
stant for  any  number  of  calculations,  or  any  modification  of  ex- 
periments. In  regard  to  air,  the  change  in  its  sensible  tempera- 
ture, under  an  increase  of  density,  is  known  to  be  great  from  the 
fact  that  by  its  sudden  compression  we  may  inflame  tinder,  and 
many  other  substances  immersed  in  it.  This  trivial  experi- 
ment, although  in  itself  too  indeterminate  to  found  a  valuable 
conclusion  upon,  has  formed  the  basis  of  many  chemical  re- 
searches, having  for  their  object  the  solution  of  the  question 
in  view. 

To  aid  in  determining  the  precise  temperature  to  which  com- 
pression would  elevate  gases,  M.  Thenard,  many  years  ago,  made 
a  number  of  ingenious  experiments.  In  trials  with  gases  other 
than  air,  chlorine  and  oxygen,  he  used  fulminating  powders  which 
exploded  at  diflercnt  temperatures ;  and  thus  found  that  substan- 
ces which  decompose  at  205^  Centigrade,  or  401^  Fahrenheit, 
exploded  in  hydrogen,  azote  and  carbonic  acid,  when  compressed 
suddenly  and  strongly  by  hand  in  a  glass  tube.  These  experi- 
ments indicate  that  a  very  considerable  accession  of  temperature 
may  be  obtained  from  the  condensation  of  gases  which  are  not 
supporters  of  combustion ;  but,  admitting  that  atmospheric  air 
conforms  to  the  same  law,  the  force  employed  is  loo  vaguely  ex- 
pressed to  show  a  precise  relation  between  the  heat  evolved,  and 
the  compressing  power.  They  are,  however,  interesting  as  prov- 
ing that  considerable  intensity  of  heat  may  be  obtained  by  trivial 
means,  under  unfavorable  circumstances. 

About  the  same  time  that  M.  Thenard  made  his  experiments, 
M.  Colladon  instituted  others  better  calculated  to  determine  an 
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exact  limitation  of  the  hoat  set  free  from  air  by  compression* 
He  states  that  to  ignite  sulphur,  it  is  necessary  to  reduce  atmos- 
pheric air  to  one-eighteenth  of  its  volume,  and  to  set  fire  to  starch, 
to  one-thirtieth.* 

Philosophers,  in  their  experiments  on  air,  have  been  in  the 
practice  of  dividing  it  into  certain  proportions — as  the  half,  the 
fourth,  the  eighth  of  the  volume  experimented  upon — and  of 
considering  each  division  as  affording  an  equal  measure  of  heat 
as  the  result  of  condensation.  Now,  the  number  of  such  divis- 
ions in  reducing  air  to  one-eighteenth  of  its  volume,  is  a  little 
more  than  four,  and  to  one-thirtieth,  nearly  five ;  while  the  tern* 
peratures  at  which  the  above  named  substances  burn,  may  be 
stated  respectively,  at  nearly  600^  F.  and  600^  F.  Here  we 
have  data,  which  if  correct,  would  at  once  solve  the  question  in- 
volved. By  dividing  these  numbers  by  each  other  we  shall  have 
as  the  result  of  the  compression  of  air,  about  120^  F.  for  every 
reduction  of  it  to  half  its  previous  volume.  If  these  data  could 
be  relied  upon,  the  subject  would  need  no  further  investigation; 
but  so  different  have  been  the  conclusions  from  analogous  experi- 
ments in  the  hands  of  the  other  philosophers,  that  new  and  more 
satisfactory  ones  are  demanded.  For  while,  as  we  have  seen, 
M.  Colladon  says  it  requires  a  condensation  of  atmospheric  air 
equal  to  one-thirtieth  of  its  volume  to  ignite  tinder,  M.  Gay  Lus- 
sac,  who  made  similar  experiments  on  a  larger  scale,  estimates 
that  a  reduction  to  one-fifth  is  sufficient.! 

Nor  have  other  experiments  and  processes  of  reasoning,  for 
deducing  a  precise  solution  of  this  apparently  simple  question, 
though  conducted  by  the  most  eminent  chemists  and  mathema- 
ticians of  the  past  and  present  ages,  been  more  uniform  or  more 
satisfactory.  The  methods  of  proceeding  have  been  different 
from  each  other,  and  from  those  already  referred  to,  but  they 
show  a  similar  variance,  of  from  one  to  five  and  upwards,  in  their 
deductions. 

Dalton  found,  in  experimenting  with  the  common  air-pump  of 
the  laboratory,  that  if  the  density  of  air  be  suddenly  doubled  by 
compression,  its  temperature  rises  60^  F.  This  experiment  is 
among  the  earliest  we  find  on  the  subject,  and  comes,  if  we  can 
regard  the  60^  F.  as  computed  at  the  standard  of  the  specific  heat 
of  water,  nearer  the  truth,  for  the  first  reduction  of  air  from  its 
ordinary  temperature  and  pressure,  to  half  its  volume,  than  any 
subsequently  recorded. 

According  to  some  experiments  of  Leslie,  conducted  upon  a 
somewhat  different  plan,  it  would  appear  that  atmospheric  air 

*  American  Journal  of  Sdenoe  [I],  vol  xx,  p.  180. 

f  It  will  be  shown  m  the  course  of  this  communication,  how  this  very  great  dif- 
ference in  apparent  result,  maj  arise  from  oomparatiyelj  small  errors  of  the  ez- 
periments. 
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rarefied  until  its  density  was  three-fifths  of  its  natural  density, 
when  suddenly  restored  acquired  about  48^  F,  of  temperature- 
Professor  Espy  states  as  the  result  of  experiment,  that  if  air 
have  its  density  doubled  or  be  reduced  to  half  its  volume,  its 
temperature  will  be  increased  about  90^  P.,  and  that  air  expanded 
to  half  its  density,  or  double  its  volume,  generates  a  cold  of  about 
90^  P. 

That  accurate  and  profound  mathematician,  the  late  Mr.  Ivary, 
has  attempted  to  deduce  from  calculation,  upon  data  to  which  I 
have  been  unable  to  get  access,  the  precise  quantity  of  caloric 
given  out  by  the  condensation  of  atmospheric  air.  According  to 
his  estimate  one  degree  of  heat  is  evolved  from  it,  when  under  a 
condensation  equal  to  j\-^  of  its  volume ;  and  consequently,  if  a 
volume  of  air  be  reduced  to  half  its  bulk  the  heat  given  out  will 
be  equal  to  180^  P.  Both  Laplace  and  Leslie,  in  attempts  to 
reconcile  the  calculated  velocity  of  sound,  with  that  which  is  de- 
duced from  experiment,  made  similar  calculations;  bnt  the  theo- 
rems by  which  they  are  expressed  are  both  abstruse  and  inaccu- 
rate, for  though  they  regard  the  quantity  of  heat  evolved  from  air 
by  condensation  as  *'  profuse  and  powerful,"  the  amount  the  lat- 
ter assigns  is  less  than  that  mentioned  by  Mr.  Ivary ;  and  his 
estimate,  it  will  be  seen,  does  not  equal  the  truth. 

The  researches  of  M.  Gay  Lussac,  to  whom  science  is  more 
indebted  for  an  extensive  and  profound  investigation  of  this  sub- 
ject than  to  any  other  philosopher,  led  him  to  consider  a  conden- 
sation of  air  into  one-fifth  of  its  volume  as  sufficient  to  ignite 
tinder — a  degree  of  heat  which  he  states  is  almost  580^  P.  This 
estimate,  applied  to  volume,  according  to  what  has  been  mentioned 
as  the  custom  of  experimenters,  would  give  about  280^  F.  for 
every  time  the  density  of  air  was  doubled. 

Upon  a  subject  on  which  so  many  scientific  men  have  directed 
their  attention  and  tasked  their  ingenuity  to  discover  methods  of 
accurate  observation,  it  would  seem  presumptuous  to  attempt  to 
devise  processes  more  exact  than  have  been  already  employed 
Tet  the  diversity  in  the  results  furnished  by  such  able  experi- 
menters renders  questionable  the  truth  of  any  of  them,  and  shows 
that  their  modes  were  defective,  or,  at  least,  that  fresh  investiga- 
tion is  necessary  to  enable  us  to  confirm  or  reject  their  data  with 
certainty.  That  in  the  general  economy  of  nature  the  relation 
of  caloric  to  air  is  of  high  importance,  and  that  the  investigation 
of  the  laws  of  their  action  is  worth  the  labor  they  may  require, 
and  is  indeed  one  of  the  most  interesting  enquiries,  in  both  a  sci- 
entific and  practical  point  of  view,  to  which  the  attention  of 
mankind  can  be  turned,  are  apparent  from  considerations  already 
alluded  to. 

To  improve  our  knowledge  of  these  relations,  so  as  to  deduce 
the  laws  by  which  they  are  governed,  we  must  study  the  subject 
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on  a  larger  scale  than  it  has  been  heretofore  examined ;  and  with 
an  object  in  view  sufficiently  valuable  to  justify  the  expenditure 
of  money  for  adequate  machinery,  and  of  time  for  a  long  series 
of  careful  and  precise  observations.  Experiments  on  a  small 
scale,  upon  a  material  so  attenuated  as  air,  can  scarcely  be  ex- 
pected to  speak  absolute  truth,  or  to  answer  the  question  as  to 
what  is  the  actual  result  of  large  operations.  And  besides  being 
on  a  scale  of  suitable  magnitude,  they  cannot  be  made  accu- 
rately by  rude  and  unskillful  hands;  they  must  be  performed  by 
persons  qualified  by  knowledge  and  practice  to  conduct  them 
through  all  the  circumstances  which  a  great  range  of  tempera- 
ture, and  a  variety  of  degrees  of  condensation  may  present  By 
conjoining  expectations  of  pecuniary  profit  with  philosophical 
views,  it  has  been  placed  in  my  power  to  fulfill  these  conditions, 
and  by  a  long  course  of  expensive  experiments,  amidst  much 
embarrassment  of  many  kinds,  to  elicit  a  near  approach  to  truth. 
A  portion  of  the  money  expended  in  conducting  these  experi- 
ments, was  furnished  by  some  commercial  gentlemen  of  the  city 
of  New  Orleans. 

As  the  object  of  these  gentlemen,  in  advancing  their  money, 
was  pecuniary  gain,  and  this  depended  upon  the  quantity  of  heat 
absorbed,  or  in  other  words,  the  quantity  of  cold  produced,  and 
its  applicability  to  the  manufacture  of  ice,  from  the  expansion  of 
air  after  its  condensation,  I  was  constrained  to  pay  as  much,  per- 
haps more  attention  to  the  evolution  of  this  effect  than  to  the 
quantity  of  heat  disengaged  by  the  condensation.  Two  series 
of  experiments  were  thus  carried  on  at  the  same  time,  and  each 
was  made  to  act  as  a  check  upon  the  accuracy  of  the  other; 
while  no  labor  or  care  was  spared  to  render  both  accurate.  To 
make  these  experiments,  a  large  and  powerful  machine  has  been 
constructed,  planned  for  measuring  alike  the  heat  developed  by 
condensation,  and  the  heat  absorbed  by  rarefaction  of  any  volume 
of  air — from  two  cubic  feet  to  two  thousand  cubic  yards  or  more, 
and  under  any  degree  of  condensation  from  two  to  eight  atmos- 
pheres. By  operating  with  such  masses  of  air,  the  errors  into 
which  previous  experimenters  had  fallen,  have  been,  in  a  great 
measure  avoided. 

In  the  present  article  I  propose  to  give  an  account  of  the  quan- 
tity of  heat  evolved  by  the  condensation  of  air  under  a  compress- 
ing force  of  from  two  up  to  eight  atmospheres  consecutively; 
and  in  a  succeeding  number  of  this  Journal  to  show  the  quan- 
tity absorbed  by  the  expansion  of  the  same  air  from  a  tension 
of  two,  four,  and  eight  atmospheres,  to  the  ordinary  atmospheric 
pressure. 

The  machine,  already  mentioned  as  constructed,  was  intended 
for  measuring  alike  the  heat  evolved  by  the  condensation  of  air, 
and  the  heat  absorbed  by  its  subsequent  expansion.     The  portion 
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employed  for  the  former  purpose  is  represented  in  the  figure  be- 
low, which  is  an  end  view  of  the  whole  machine,  and  consists 
essentially  of  a  large  double  acting  force  pump,  A ;  a  smaller  force 
pump,  B ;  and  a  reservoir  or  air  magazine,  C. 


The  larger  pump,  A,  is  constructed  on  the  common  principles, 
well  known  to  mechanics,  of  the  double  acting  force  pump  for 
air  or  water ;  and  its  object  is  the  condensation  of  atmospheric 
air.  It  receives  the  air  through  valves,  which  may  be  construct- 
ed like  the  induction  valves  of  the  low-pressure  steam  engine, 
but  which,  in  the  present  instance,  are  placed  in  the  lids,  opposite 
to  each  other,  and  open  inwards.  After  compressing  the  air  to 
the  required  degree,  this  pump  forces  it  through  eduction  valves 
into  the  pipes  e,  c,  which  lead  to  the  reservoir.  The  pump  is 
thirteen  inches  in  diameter  with  a  twenty-four  inch  stroke  of  pis- 
ton ;  and  consequently,  has  a  capacity,  exclusive  of  the  space  oc- 
cupied by  the  piston  rod,  of  3144  cubic  inches. 

Besides  this  large  pump  there  was  a  smaller  condensing  pump, 
(not  seen  in  the  figure,)  four  inches  in  diameter,  seventeen 
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inches  stroke,  and,  after  deducting  the  average  space  occupied  by 
the  piston  rod,  of  206  cubic  inches  capacity.  This  pump  was 
fitted  with  valves,  and  communicated  with  the  reservoir,  in  the 
same  manner  as  the  larger  pump.  Its  object  was  to  chaise  the 
reservoir  with  air  to  any  required  tension  before  setting  the  larger 
pump  and  its  antagonistic  engine  in  operation,  and  thus  save  the 
enormous  consumption  of  power  which,  it  was  supposed,  would 
be  required  to  work  the  larger  pump  so  as  to  obtain  the  same  ef- 
fect. Though  theoretically  necessary,  it  was  found  in  practice 
that  it  could  be  advantageously  dispensed  with,  and  will  not  be 
introduced  into  any  future  construction  of  the  machine.  But  as 
it  was  attached  to  it,  and  in  most  of  the  experiments  to  be  here- 
after detailed,  its  measure  of  air  was  condensed  at  every  stroke  ol 
its  own  and  the  larger  piston,  its  operation  must  be  taken  into  ac- 
count in  estimating  the  heat  evolved  by  the  condensation  of  a 
given  volume  of  air.  Added  to  the  capacity  of  the  lai^er  pump, 
(3144+206  =  )  it  made  the  whple  quantity  of  air  condensed  by 
every  stroke  of  the  pumps  or  every  half  revolution  of  the  engine, 
3350  cubic  inches. 

The  smaller  pump,  B,  is  also  double  acting,  and  of  56  cubic 
inches  or  one  quart  capacity.  It  is  designed  to  inject  that  quan- 
tity of  cold  water  through  the  pipes  F,  F,  and  a  sieve-like  plate, 
or  "  rose"  placed  in  the  upper  lid,  and  several  perforations  in  the 
lower  lid  of  the  lai^er  pump,  and  thence  distribute  it,  in  a  finely 
divided  shower  into  the  interior  of  that  pump.  Its  object  is  to 
absorb  the  heat  of  elasticity  set  free  from  air  by  its  condensa- 
tion, and  at  the  moment  of  its  generation,  so  as  to  lessen  mate- 
rially the  mechanical  power  that  would  otherwise  be  consumed. 
As  it  effects  this  object  by  mixing  intimately  the  water  and  air, 
and  causing  the  former  to  absorb  the  free  heat,  it  renders  the  wa- 
ter an  excellent  approximate  measurer  of  the  heat  evolved.  After 
performing  this  office  the  water  passes  out  of  the  pump,  with  the 
condensed  air,  into  the  reservoir. 

The  reservoir,  or  air  magazine,  C,  employed  in  these  experi- 
ments, is  <3ylindrical  in  form,  eleven  feet  in  length,  thirty-two 
inches  in  diameter,  and  has  a  capacity  of  about  sixty-two  cubic 
feet.  It  is  made  of  sheet  iron,  with  hemispherical  heads,  in  the 
manner  of  a  steam  boiler.  It  is  furnished  with  a  safety  valve 
about  three  inches  in  diameter,  and  loaded  with  a  weight,  through 
the  intervention  of  a  lever.  At  one  end  it  has  a  man-hole  aflFord- 
ing  admittance  into  its  interior ;  and  it  is  provided  with  a  stop- 
cock, E,  inserted  into  its  most  dependant  part,  through  which  the 
water  of  injection,  received  from  the  pumps,  and  precipitated 
from  the  air  by  its  greater  specific  gravity,  may  be  dischai^ed  into 
the  open  atmosphere,  or  returned  again  to  the  pump,  B,  for  a  re- 
newal of  its  duty.  It  is  supported  by  three  cast  iron  frames,  one 
of  which  is  represented  at  D. 
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When  the  air  attaiDS  a  certain  pressure  in  this  reservoir,  it 
is  allowed  to  discharge  itself,  by  means  of  a  communicating 
pipe,  into  an  engine  which  works  expansively  through  a  valve 
80  constructed,  as  to  permit  of  being  arranged  to  cut  off 
the  communication  with  the  reservoir  at  any  portion  of  a 
stroke.  The  air  in  this  way,  and  independent  of  the  safety 
valve,  is  prevented  from  attaining  more  than  a  certain  degree  of 
pressure. 

There  were  several  appendages  to  the  machinery  employed  in 
these  experiments  which  were  not  absolutely  necessary,  and 
would  not  be  used  in  a  practical  application  of  the  principle. 
Among  them  is  the  vessel,  I.  This  was  a  reservoir  of  a  former  ex- 
periment, and  was  used,  id  this  instance,  to  separate  the  water  of 
injection  from  the  condensed  air,  the  former  of  which  passed 
through  the  cock,  K,  while  the  latter  proceeded  through  the  pipe, 
L,  into  the  reservoir,  C.  It  is  mentioned,  and  represented  in  the 
drawing,  in  order  that  all  the  circumstances  attending  the  experi- 
ments may  be  understood. 

As  a  means  of  measuring  with  precision  the  pressure  of  air  in 
the  reservoir,  a  gauge  consisting  of  a  glass  tube,  closed  at  the  up- 
per end,  having  a  length  of  twelve  inches,  and  an  internal  diam- 
eter of  a  quarter  of  an  inch,  was  used.  Aft^r  filling  this  tube 
with  dry  air,  and  inserting  it  through  the  upper  surface  of  the 
reservoir,  into  a  cup  of  mercury,  in  communication  with  the  air 
within  the  reservoir,  it  was  found  to  act  as  a  convenient  manom- 
eter capable. of  giving  the  same  indications,  by  the  contraction  of 
the  contained  air,  as  would  have  been  given  in  similar  circum- 
stances by  a  colunm  of  mercury,  placed  as  in  the  barometer,  and 
of  a  height  due  to  the  density  of  the  air.  The  accurate  gradua- 
tion of  this  instrument  presented  some  difficulties,  and  was  approx- 
imately attained  by  filling  it  with  successive  equal-weighed  por- 
tions of  mercury,  and  marking  on  the  glass  tube,  -and  a  metal  scale 
surrounding  it,  the  volume  thus  indicated.  These  marks  were 
intended  to  express  the  scale  of  heights  of  the  mercury,  above  it^ 
original  level  in  a  cup,  in  atmospheres  of  thirty  inches  in  height 
Tl^  instrument  requires  for  perfect  accuracy,  corrections  for 
changes  of  atmospheric  temperature,  as  well  as  for  the  in- 
creased temperature  of  the  air  enclosed  in  the  reservoir.  But 
disregarding  these  sources  of  error,  and  probably  some  in  charg- 
ing the  tube  with  mercury,  it  was  found  to  be  a  valuable  instru- 
ment; its  indications  were  not  only  more  easily  attained,  but 
were  more  accurate  than  those  of  the  steam  indicator,  or  commoa 
safety  valve. 

The  standard  which  I  have  relied  upon,  in  conducting  the  ex- 
periments of  this  research,  for  determining  a  measure  of  beat,  is 
the  assumed  quantity  required  for  the  conversion  of  a  potmd  of 
ice  into  water.    In  the  absence  of  any  experiments  of  my  own 


Digiti 


zed  by  Google 


48  Dr.  John  Garric  an  the  Quantity  of  Heat,  tfc, 

upon  the  subject,  I  have  taken  the  quantity  at  the  generally  re- 
ceived one  of  140^  F.,  though  some  observations  incline  me  to 
consider  it  as  several  degrees  less. 

With  the  foregoing  apparatus  numerous  experiments  have  been 
made ;  but  as  a  small  number,  conducted  on  proper  scientific  prin- 
ciples— more  particularly  if  they  agree  with  each  other,  and  have 
been,  as  in  these  instances,  checked  by  the  observations  of  two 
persons — are  as  satisfactory  as  any  greater  number,  I  have  de- 
tailed, and  given  the  calculations  in  full  of  only  a  few.  These 
will  serve  as  examples  for  any  one  who  is  disposed  to  com- 
pute from  the  observed  data,  the  resulting  quantity  of  heat  ob- 
tained, and  thus  prove  the  truth,  or  error  of  the  reported  result. 
Finding  that  observations  were  made  with  more  accuracy  in  pro- 
portion as  experience  familiarized  me  with  them,  I  considered 
that  the  later  ones  were  more  to  be  tnisted  than  the  earlier,  and 
I  have,  therefore,  with  one  exception,  selected  them  for  this 
communication.  The  exception  referred  to,  is  contained  in  the 
first  of  the  following  tables,*  and  was  the  earliest  experiment 
made  by  me  with  the  machine  I  have  just  described.  It  is  in- 
troduced for  the  reasons  that  it  cannot  be  materially  inaccurate, 
and  that  the  temperature  of  the  atmosphere  at  the  time,  was 
very  different  and  much  lower  than  at  any  of  the  later  ex- 
periments. 

It  is  proper  to  remark  that  in  conducting  these  delicate  experi- 
ments many  causes  of  error  have  been  either  unavoidable,  uncor- 
rected, or  overlooked.  Owing  to  defects  of  mechanical  contriv- 
ance and  unskillful  workmanship,  incidental  perhaps  to  every  new 
device,  and  a  noviciate  intercourse  with  practical  mechanics,  the 
machine  was  not  capable  of  performing  all  its  duties  with  the  ac- 
curacy the  natural  laws  involved  called  for.  And  notwithstand- 
ing a  great  desire  to  avoid  and  correct  errors  from  the  leakage  or 
irregular  working  of  the  machine,  by  compensating  for  them,  I 
cannot  in  all  cases  rely  upon  the  correctness  of  the  allowances 
made  therefor. 

The  thermometers  used  in  these  experiments  were  manufac- 
tured in  New  Orleans,  and  their  indications  differed  so  much 
from  each  other  that  they  could  not  be  fully  relied  upon.  The 
nature  of  the  investigation  required  instruments  that  should 
mark,  if  possible,  the  tenth  part  of  a  degree  of  Fahrenheit ;  but 
none  that  I  could  obtain  was  of  sufiicient  sensibility  to  be  read 
accurately  within  half  a  degree;  and,  therefore,  all  indications 
set  down  as  more  minute,  must  be  regarded  as  conjectures, 
or  interpolated  calculations.  As  I  found  that  no  two  ther- 
mometers agreed  with  each  other,  I  was  aware  that  it  was  desir- 
able one  or  more  should  be  verified  by  a  comparison  with  the  in- 

*  See  continiimtioii,  in  next  number  of  this  Journal 
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dications  of  an  unquestionable  standard,  but  this  was  not  attain- 
able. One  common  source  of  error,  however,  in  the  observations 
of  the  thermometers  was  avoided.  Apprehensive  from  the  small- 
ness  of  their  scales  of  graduation  that  difference  of  vision  might 
lead  to  error,  I  was  careful  to  obtain  frequent  observations  from 
two  or  more  persons,  and  in  no  instance,  where  there  was  a  dif- 
ference of  opinion,  was  the  observation  recorded.  Still,  it  is  pos- 
sible that  the  conclusions  arrived  at  may  in  some  instances  be  in- 
accurate ;  for  I  found  that  when  observations  were  made  by  two 
persons  on  the  same  thermometer,  they  often  differed  from  each 
other  as  much  as  a  degree,  and  there  is  reason  for  supposing  that 
even  when  alike  they  might  be  erroneous.  I  have  dwelt  upon 
the  possibility  of  error  from  the  imperfection  of  both  thermome- 
ters and  observers,  because  from  the  mode  of  experimenting 
adopted,  a  slight  difference  between  the  actual  heat  evolved  and 
that  observed,  would  present  a  very  considerable  difference  in  the 
proportion  in  the  air  itself. 

The  want  of  a  barometer  prevented  any  modifications  in  the 
calculation  of  results,  on  account  of  variations  in  the  density  of 
the  air. 

{To  be  continued.) 


Abt.  VII. — On  the  Compviaivm  of  the  Sun^s  Daily  Intensity 
at  the  exterior  surface  of  the  Earth,  and  Secular  Changes  of 
Heat;  by  L.  W.  Meech,  A.B.,  Preston,  Ct. 

Thebe  are  reasons  for  believing  that  the  phenomena  of  solar 
heat  may  be  as  completely  interpreted  by  analysis  as  are  the  tides 
of  the  ocean.  The  subjoined  contribution  is  offered  in  pursuance 
of  this  object. 

I.  Before  proceeding  to  the  general  investigation,  let  it  be  pro- 
posed to  determine  the  diminution  of  heat  arising  from  the  secu- 
lar decrease  of  the  eccentricity  of  the  earth's  orbit :  in  conse- 
quence of  which,  the  orbit  approaches  to  the  form  of  a  circle, 
and  the  earth  is  constantly  removing  to  a  greater  distance  from 
the  sun,  between  the  apses ;  the  transverse  axis  remaining  inva- 
riable. Let  then  e  represent  the  eccentricity,  regarded  as  con- 
stant for  one  year;  q,  the  radius-vector;  %  the  mean  anomaly; 
and  ^,  the  true  anomaly,  for  any  given  time.  Also  it  is  known 
that  w-v/1— c*  expresses  the  whole  area  of  the  ellipse ;  and/i^'cW, 
that  of  the  elliptic  sector  corresponding  to  0,  Whence  by  Kep- 
ler's law  of  equal  areas, 

jrVl-c^  :fi9'dO  ::2n:q>,  or 
1  dO 
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Since  heat  varies  "  inversely  as  the  square  of  the  distance"  ^, 
this  equation  evidently  measures  its  intensity.  To  obtain  the 
sum  of  the  intensities  in  a  year,  the  equation  must  be  multiplied 
through  by  the  uniform  d(p,  and  integrated  between  the  limits  o 
and  2;t  :  then  rejecting  the  constant  factor  27r,  there  remains  the 
relative 

Annual  amount  of  heat  «  -7- .  (1.) 

Again,  let  the  slight  decrement  of  e  in  one  or  more  centuries 
be  denoted  by  A ;  writing  e-h  in  place  of  e  and  developing  for 
the  first  power  of  h  by  Taylor's  Theorem;  there  results  the 
proportional 

Secular  diminutions   -i 1  =  -cA  — c'A-  .    .    .  (2.) 

On  January  I,  1801,  the  value  of  e  was  001678367,  with  a 
centurial  decrement  of  —0-00004163,  the  centurial  value  of  A. 
And  at  this  rate  the  orbit  would  become  a  circle  in  40,300  years, 
though  it  is  improbable  that  it  will  reach  this  limit.  The  dim- 
inution in  a  century  is  readily  ascertained  by  substituting  the 
values  of  c,  A,  in  the  last  formula,  which  gives  - 0000 000 69 ; 
and  it  will  be  shown  hereafter  in  the  computation  for  Mendon, 
that  such  numbers  are  neariy  or  quite  proportional  to  the  corres- 
ponding degrees  of  Fahretiheit's  scale.  Hence  the  secular  de- 
crease of  the  annual  quantity  of  heat,  arising  from  secular  change 
of  the  sun's  distance  alone,  is  too  small  to  be  sensible  to  the  ther- 
mometer in  a  hundred  years,  in  a  thousand,  or  in  ten  thousand 
years,  and  scarcely  so,  at  the  utmost  limit,  when  the  orbit  be- 
comes a  circle.  For  even  then,  the  mean  temperature  on  the 
equator,  which  is  now  82°,  would  not  fall  more  than  0*025  of  a 
degree  of  Fahrenheit. 

It  is  thus  demonstrated  that  the  mean  annual  heat  received  by 
the  earth  as  a  whole,  is  virtually  constant  during  a  sidereal  year, 
so  far  as  secular  change  of  the  sun's  distance  alone  is  concerned ; 
and  by  reason  of  the  nearly  constant  excess,  the  same  may  be 
concluded  of  the  tropical  or  civil  year. 

II.  Again,  let  it  be  proposed  to  ascertain  the  sun's  relative 
intensity  at  any  given  instant  during  the  day.  For  this 
purpose. 

Let  L=  the  *  apparent'  Latitude  of  the  place, 
D=  the  sun's  meridian  Declination, 
J^  the  sun's  semi-diameter, 
A^  the  sun's  Altitude,  and 
H  =  the  Hour-angle  from  noon. 

The  horizontal  projection  of  the  sun's  disc  on  a  plane  at  the 
exterior  surface  of  the  earth  is  well  known  to  be  an  ellipse ;  and 
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if  1  denote  the  sun's  radius,  1  will  likewise  denote  the  semi- 
conjugate  axis  of  this  projected  ellipse ;  while  the  horizontal  pro- 
jection of  L  which  is  - — r ,    will  be  the  semi-transverse  axis. 

1 
The  area  of  the  elliptic  projection  is  therefore  1  X-^— t  X«*    But 

the  intensity  of  the  same  quantity  of  heat  being  inversely  as  the 

space  it  covers;  the  reciprocal  of  this  area  — ,  or  rejecting  the 

constant  divisor  ^,  ^Vi  A  will  measure  the  sun's  intensity  at  the 
altitude  A,   supposing  the  distance  to  be  constant. 

But  I  he  sun*s  intensity  further  varies  inverst^ly  as  the  square  of 
the  distance,  that  is,  directly  as  the  square  of  the  apfarent  diam* 
eter  or  semi-diameter  of  the  disc.     Hence 

^*  sin  A  measures  the  sun's  intensity  at  any  given  instant  dur- 
ing the  day. 

To  assign  the  vahie  of  sin  A,  by  spherical  trigonometry,  the 
sun's  distance  from  the  pole  or  co-declitiation,  and  from  the  pole 
to  the  zenith  or  co-latitude,  and  the  inchided  hour-angle  from 
noon  H,  are  given  to  fiad  the  third  side,  or  co*al  tit  tide.  The 
well-known  formula  for  this  case  becomes,  by  writing  sines  in- 
stead of  the  cosines  of  their  complcrnents, 

sin  A=  sin  D  sin  L  -f  cos  D  cos  L  cos  H,  and 
*i^  sin  A=  ^^  sin  D  sin  L-|--^^  cos  D  cosL  cosH.     (3*) 

At  the  time  of  the  equinoxes,  D  becomes  0,  and  the  expression 
of  the  snn^s  intensity  reduces  to  ^=  cosL  cosH.  That  is,  the 
degree  of  heat  at  different  places,  thetij  decreases  from  the  equator 
toward  each  pole,  proportinnal  to  the  cosines  of  the  respective  lati- 
tudes. At  other  times  of  the  year,  however,  a  ditferent  law  of 
distribution  prevails,  as  indicated  above. 

The  sun*s  intensity  at  a  fixed  distance  being  as  the  sine  of  the 
altitude,  it  follows  that  the  sun  shining  for  sixteen  hours  at  an 
altitude  of  30°,  would  raise  the  temperature  of  a  plain  as  high, 
as  if  it  shone  for  eight  hours  from  an  altitude  of  90^,  or  from  the 
zenith,  since  sin  30'^  is  '5,  and  sin  90^  is  L 

HI.  Proceeding  now  to  the  general  problem,  it  is  required  to 
determine  the  quantity  of  heat  radiated  UfKjn  a  given  place  at  the 
exterior  of  the  earth  on  any  given  day.  The  quantity  radiated  at 
any  instant,  has  already  been  made  known,  as  ji'sinA:  hence 
multiplying  the  last  equation  above  by  the  uniform  rfH,  and 
integrating, 

fJ"*  sin  A  dU  ^^^  sin  D  sin  L .  H  -h^*  cos  D  cos  L  sin  H.     (4) 

Regarding  H  as  a  semi-diurnal  arc,  the  second  member  will 
express  the  daily  quantity  of  heat  for  a  half  day,  and  so  for  the 
whole  day.  Also  by  integrating  between  the  limits  of  any  two 
hour-angles  H',  H'',  the  quantity  of  heat  will  be  found  for  any 
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assigned  part  of  the  day.  The  sun's  declination  has  here  been 
taken-  as  constant,  and  it  might  easily  be  shown  that  what  the 
sun  radiates  by  rising  earlier  than  the  implied  time,  is  compensa- 
ted by  a  uniform  change  of  declination  producing  an  earlier  set- 
ting sun. 

For  testing  this  formula,  the  intensities  were  computed  for  the 
16th  day  of  each  month,  on  the  latitude  of  Mendon,  Mass.,  and 
the  results  were  found  to  agree  very  nearly  with  those  observed 
at  that  place  about  one  month  later j'^  as  follows :  the  observed 
values  are  taken  from  the  American  Almanac  for  1849,  and  are 
derived  from  fifteen  years'  observations. 


Computed  Talaea.                              | 

ObMnred  raluM. 

1   Difiiiimee. 

January  16, 

Februwy  16, 

Biarchl6, 

6040 

7142 

9764 

12674 

14482 

16846 

16086 

18487 

10860 

8080 

6688 

4610 

28°.8 
88°1 
460.2 
68<>.8 
67°.l 
71^.1 
69°.9 
62<>.8 
60°8 
87°.6 
26°1 
20<'.9 

24°.8.  February  16, . . 
88°.6,  March  16,  ... . 

46*^.8,  April  16, 

66°.0,  May  18,* 

64°  6,  June  16, 

710.8,  July  16 

680.9,  August  16,  . . . 
61^.0,  September  16,. 
480.6,  October  16, . . . 
88*>.9,  November  16. . 
27°.7,  December  16,  . 
26O.0,  January  16, . . . 

-fl^O 

ii 

-8^8 
-20.6 
+    .7 
-1O.0 
-10.8 
-10.8 
+10.4 
+10.6 
+60.1 

April  16, 

May  16, 

Jmie  15, 

July  16, 

August  16, 

September  16, 

October  16, 

November  16 

December  16, 

It  may  be  proper  to  observe  that  the  preceding  formula  was 
divided  by  sin  L,  a  constant  factor ;  and  the  numbers  in  the  second 
column  were  then  successively  computed :  their  sum  divided  by 
twelve,  gave  10163  as  the  mean,  to  be  compared  with  47^.1,  the 
observed  mean  at  Mendon.  Then  as  10163  :  47^.  1 : :  5040 :  23o.3, 
Jan.  15,  etc.  Let  it  also  be  observed,  that  the  Mendon  values 
are  the  monthly  means,  which  do  not  always  fall  on  the  15th 
day,  but  nearly  so. 

Before  applying  the  formula  further,  let  it  be  simplified  by 
means  of  the  astronomic  equation,  —  cosH=tanL  tan  D. 

Dividing  and  multiplying  the  above  intensity  by  sin  D  sin  L, 
and  at  the  same  time  substituting  -  cosH  for  its  equal ;  and  tan  H, 
Daily  intensity  ^^*  sin  L  sin  D  (H  -  tan  H).  (6.) 

This  expression  is  much  simpler  than  the  one  before  employed, 
and  by  thus  computing  the  temperatures  for  difierent  places,  and 
comparing  the  results  with  those  actually  observed,  the  extent  of 
local  causes  will  be  disclosed.  The  ease  with  which  daily  and 
monthly  temperatures  may  now  be  computed,  it  is  believed  will 
render  this  formula  valuable  in  meteorological  researches.     It  is 

*  Sbce  writing  the  above,  I  find  it  elsewhere  stated  that  the  obserred  epodis  of 
maximum  and  minimum  temperatm-e  in  the  North  Temperate  Zone  fall  about  a 
month  later  than  their  expected  times  at  the  solstices.  The  reason  assigned  for  this 
circumstance  is,  that  for  about  a  month  .after  the  summer  solstice,  the  earth  ood- 
tinues  to  receive  during  the  day  more  heat  than  it  loses  at  night ;  and  conversely 
after  the  winter  aolstice,  it  loses  more  heat  during  th.e  night  than  it  receives  during 
the  day. 
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to  be  mentioned  here,  that  H  is  an  arc  of  a  circle  whose  radius  is 
1,  which  will  readily  be  found  by  reducing  the  degrees  and  min- 
utes, to  minutes,  and  multiplying  them  by  sin  1^  or  by  multiply- 
ing the  minutes  in  time  by  sin  15' ;  also  using  the  natural  tangent 
of  H,  with  its  trigonometric  sign.  When  the  computation  is  for 
one  place  only,  sin  L  being  a  constant  factor  may  be  rejected, 
leaving. 

Daily  intensity  =-^»  sin  D  (H  -  tan  H.)  (6.) 

For  example,  the  results  are  subjoined  for  Calcutta,  in  latitude 
22P  35^  N. ;  the  observed  temperatures  follow  the  computed,  in 
order : — 


January, 

59°  2; 

650.1 

July, 

920.3; 

820.6 

February, 

690.2; 

70O.0 

August, 

880.9; 

820.9 

March, 

790.5; 

780.1 

September, 

820.5; 

820.4 

April, 

88O.0; 

830.3 

October, 

720.6; 

8I0.O 

May, 

92O.0; 

860.6 

November, 

6I0.8; 

730.4 

June, 

930.1 ; 

840.7 

December, 

5G0.2; 

660.6 

From  this  it  appears,  that  at  midsummer  about  one-tenth  of 
the  heat  received  is  carried  away  by  those  upward  currents  which 
produce  the  trade-winds,  by  sea-breezes,  and  the  conducting 
power  of  the  soil ;  also  a  less  quantity  of  heat  is  restored  by  the 
ground,  and  by  winds  in  mid-winter. 

IT.  Is  the  temperature  of  summer  and  of  winter  in  the  south- 
ern hemisphere,  the  same  as  with  us,  at  equal  latitudes  ?  On  this 
point,  the  formula  cosH  =  — tanL  tanD,  clearly  shows  that  the 
length  of  the  day  there  is  the  same  as  in  the  northern  hemi- 
sphere six  months  later.  The  difference  of  temperature  is  there- 
fore limited  to  the  values  of  ^'.  Now  the  earth  being  nearest 
the  sun  at  the  northern  mid-winter  or  on  January  1st,  ^'  is  at 

that  time  measured  by  ,.  _  .^ ;  while  at  mid- winter  in  the  south- 

1                                             ie 
em  hemisphere  -^^  is  as  rp- — rr«     The  difference  is  yz -r-: 

or  the  proportional  difference,  taking  our  mid-winter's  tempera- 
ture as  1,  is 

Ae 
;ri-— ^=4«-8c«+...=006  nearly. 

The  southern  mid-winter  is  therefore  from  1^  to  2P  colder ;  and 
the  mid-summer  from  4^  to  6^  hotter  than  at  an  equal  latitude  in 
the  northern  temperate  zone,  as  will  appear  by  multiplying  the 
Mendon  values  by  0.06.  This  advantage  of  the  northern  hemi- 
sphere is  due  to  the  advance  of  the  perigee  in  longitude  of  ll'^S 
per  year,  which  in  time  will  return  to  the  southern  hemisphere 
the  advantage  we  now  possess.  The  summer  season  of  the 
southern  temperate  zone  being  hotter,  is  also  shorter  by  about 
eight  days  than  in  the  northern  hemisphere ;  which  difference  is 
ascribed  to  the  more  rapid  motion  of  the  earth  about  the  perigee. 
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V.  Are  the  winters  now,  as  cold  as  at  the  first  settlement  of 
New  England  ?  The  impression  generally  prevails  that  the  win- 
ters are  growing  milder,  and  the  spring  is  later  than  formerly. 
Certainly  the  snows  have  not  been  so  deep  as  in  the  days  of  Cot- 
ton Mather ;  neither  has  Boston  bay  nor  the  Chesapeake  of  late 
years,  been  frozen  over,  as  far  as  the  eye  could  reach.  So  far  as 
this  change  is  astronomic,  and  not  the  result  of  local  changes,  it 
may  be  determined  by  means  of  the  formula 

Daily  intensity =^'  8inD(H  — tanH). 

In  the  first  place,  let  it  be  proposed  to  ascertain  the  change  of 
each  factor,  for  the  last  two  centuries,  which  will  refer  the  form- 
ula to  the  epoch  of  A.  1).  1650,  the  period  of  our  colonial  history. 
The  first  factor  ^3,  depends  for  its  value  on  the  anomaly  6,  which 
has  an  annual  change  of  ll'^S,  and  on  the  eccentricity  e,  which 
has  a  secular  variation  of  0.000041.  Accordingly,  introducing 
these  increments  into  the  analytic  expression  for  the  inverse 
square  of  the  radius- vector,  which  is  the  value  of  ^•,  and  devel- 
oping by  Taylor's  Theorem,  it  is  found  that  both  sources  of  vari- 
ation cannot  affect  the  present  values  of  J  within  the  fourth  sig- 
nificant figure,  in  two  centuries:  hence  these  sources  of  change 
may  be  saHeiy  neglected  in  the  present  calculation. 

The  second  factor,  sinD  =  sinw  sinT;  where  w  denotes  the 
obliquity  of  the  ecliptic,  and  T  the  sun's  longitude.  Since  the 
tropical  or  civil  year  is  the  interval  between  two  successive  re- 
turns to  the  same  longitude,  sin  T  ought  in  the  present  case  to  be 
regarded  as  constant.  But  in  referring  back,  a/  has  a  secular  in- 
crease of  45'^7,  or  9l'^4  in  two  centuries.  Let  this  increment 
be  denoted  by  («/^  and  the  contemporary  increment  of  D  by  l>^ 
Then  developing  for  the  first  power  of  each  in  the  above  equa- 
tion, by  Taylor's  Theorem,  cosD.I>'=cosw  sinT.a»'^  Here 
substituting  the  value  of  sinT  from  the  preceding  equation,  and 
dividing  by  cos  D, 

D''=:cotaitanD.o/'. 

For  the  third  factor  involving  the  semi-diurnal  arc  H,  astrono- 
my gives  -  cos  H  =  tan  L  tan  D ;  and  developing  as  before,  by 
Taylor's  Theorem,  sin  H .  H''=tan  L .  D^'h-cos'D.  Substituting 
for  D''  its  value  found  above,  also  dividing  by  the  preceding  equa- 
tion, -  cos  H  =  tan  L  tan  D, 

,T    TT./      COtw.w'' 

-  tan  H .  H"= -^:r-  • 

cos*D 

Recurring  now  to  the  formula  of  daily  intensity,  let  it  be  de- 
noted by  S,  at  the  same  time  developing  for  the  first  power  of 
the  increments  of  the  two  variables,  D,  H ;  the  resulting  incre- 
ment is 


^coeD.iy^H-^    f        (l^— L^]h^  or 
mD  "^H— tanHV       cos'H/       ' 
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S  cot D.  ly-  S  tan»  H  .H"-KH  -  tan  H). 

And  substituting  the  values  of  Vj  and  H^',  it  becomes 

S  cotai.a/'+S  tanH  cotQi.ai''-;-(H-tanH)cos»D, 

which  may  further  be  reduced,  and  dividing  by  S,  the  prapor- 
iional  secular 

Increment  of  heat  =cot « ,  <./'  ( H + tan  H  tan  *  D  )-t-(  H  ^  tan  H ).  (7. ) 

Lastly,  restoring  the  value  of  S,  there  results  the  absotute 
secular 

fnerenient  of  heat =J^  sin  D  cot  uk  tii"(H  +  tan  H  tan-D)» 

At  the  time  of  the  eqninoxeSj  D,  and  with  it  this  increment 
becomes  zero ;  the  greatest  vah^es  may  hence  be  inferred  to  pre- 
vail near  the  solstices  when  D  equals  w.  For  example,  comput- 
ing by  formula  (7)  the  proportional  increment  for  December  15, 
on  the  latitude  of  Mendon,  and  multiplying  into  the  observed 
number  of  degrees,  it  appears  thai  two  centuries  ago,  the  mid- 
winter was  colder  by  0^  035  P.^  and  the  mid-summt^r  hotter  by 
0^,025  F. :  that  is,  the  temperature  of  the  year  is  growing  more 
equable  by  slight  gradations.  It  has  already  lieen  shown  in  IV ^ 
that  the  year  is  remarkably  so,  compared  with  that  in  the  souih- 
ern  hemisphere 

That  the  spring  is  now  later,  may  be  accounted  for,  by  the 
fact  that  less  snow  falls,  and  the  ground  being  uncovered,  has, 
during  the  winter,  radiated  more  heat  into  spaee^  and  so  at  the 
opening  of  spring  is  colder  than  when  covered  through  the  win- 
ter by  a  deep  stratum  of  non-conducting  snow.  And  in  general, 
any  variation  from  the  mathematical  laws  here  demonstrated, 
must  evidently  be  looked  for,  as  the  effect  of  cnltivaiion  or  other 
terrestrial  causes.  Besides,  as  the  sun  is  the  great  source  of  the 
change  of  seasons,  winds,  evaporation,  etc.,  those  laws,  especially 
the  formulas  in  III,  may  yet  serve  as  a  basis  for  computing  a  pHmi 
the  dew-[K>int,  monthly  humidity,  and  range  of  the  barometer* 

Lastly,  among  other  secondary  causes  which  tend  with  striking 
uniformity  to  counteract  extremes  of  heat  and  cold,  is  the  vast 
size  of  the  sun.  Were  the  same  amount  of  lijzht  ;nirl  In  Mt  radi- 
ated  from  a  body  smaller  than  the  earth,  the  etfecis  u  unld  be  re- 
stricted to  a  smaller  portion  of  the  earth's  surface.  But  as  it  is, 
the  sun  constantly  illuminates  half  the  earth's  surface  and  a  belt 
around  the  earth  sixteen  miles  wide  besides,  which  may  be  termed 
*the  zone  of  differential  radiation;'  and  this  is  yet  very  much 
widened  by  atmospheric  refraction.  The  effect  of  this  arrange* 
ment  is  evidently  to  maintain  a  warmer  temperature,  besides  ren- 
dering the  transitions  more  mild  and  gradual.  In  conclusion,  the 
evidences  of  stability  of  temperature  demonstrated  in  the  present 
article,  it  is  proper  to  observe,  strikingly  accord  with  the  authori- 
tative declaration,  that,  *«  while  the  earth  remaineth,  seed-time  and 
harvest,  and  cold  and  heat,  and  summer  and  winter^  shall  not  cease*" 
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Art.  VIII. — Notice  of  Fossil  Bones  from  the  neighborhood  of 
Memphis  J  Tennessee;  by  Jeffries  Wyman,  M.D. 

The  specimens  of  fossils  here  noticed  were  kindly  sent  me  for 
the  purposes  of  description,  by  Prof.  B.  Silliman,  Jr.  They  were 
obtained  from  the  region  of  Memphis,  by  Mr.  Lawrence  of  Louis- 
ville, and,  as  is  supposed,  from  the  diluvium  of  the  Mississippi. 
They  are  representatives  of  the  following  genera  of  mammals, 
viz..  Mastodon,  Megalonyx,  Castor,  Castoroides.  They  all  present 
points  of  interest,  especially  the  last  three,  which  belong  to  gen- 
era whose  remains  are  either  quite  rare  or  but  very  imperfectly 
known. 

As  yet,  our  knowledge  of  the  osteology  of  Megalonyx  is  far 
behind  that  of  the  allied  genera  Megatherium  and  Myloidon ;  its 
dentition  likewise  is  but  very  imperfectly  understood.  Many 
fragments  of  bones  and  teeth  of  Megalonyx  doubtless  exist  in 
public  and  private  collections  in  this  country,  which  are  yet  un- 
described.  Any  notices  of  individual  specimens,  especially  of  the 
teeth,  which  may  be  published,  will  be  of  great  value  to  the  par- 
leontologist  in  enabling  him  to  form  more  complete  ideas  of  the 
organization  of  this  most  interesting  race  of  extinct  animals  as 
well  as  of  its  geographical  distribution. 

The  remains  of  Castoroides  are  exceedingly  rare  and  are  known 
only  from  a  lower  jaw  and  some  of  the  bones  of  the  extremities, 
discovered  in  Ohio,  and  described  for  the  first  time  by  Mr.  J.  W. 
Foster  from  fragments  of  bones  discovered  by  Dr.  Dickerson  in 
the  neighborhood  of  Natchez,  Miss.,  and  a  cranium  nearly  entire 
found  in  the  town  of  Clyde  in  New  York.  Although  the  Cas- 
toroides has  so  wide  a  geographical  distribution,  the  above  con- 
stitute the  only  localities  excepting  the  one  noticed  in  this  com- 
munication, references  to  which  have  fallen  under  my  observation. 

The  remains  of  beavers  in  a  fossil  condition  would  seem  from 
the  absence  of  published  reports,  to  be  quite  as  rare  as  those  of  the 
preceding  genus.  Doubtless  many  of  them  exist  in  cabinets, 
but  have  not  yet  found  their  way  into  scientific  journals  or  trea- 
tises. Notices  of  their  remains  would  likewise  be  of  great  interest, 
if  for  no  other  purpose  than  to  establish  their  identity  with,  or 
dissimilarity  to,  the  existing  species,  or  to  determine  the  former 
geographical  distribution  of  these  animals  on  the  North  American 
continent.  The  remains  of  Castor  Europseus,  (which  by  some 
has  been  regarded,  though  on  insufficient  grounds,  as  identical 
with  the  American  species,)  have  been  found  in  England,  gen- 
erally in  peat  bogs,*  in  the  marls  of  Perthshire  and  Berwickshire 
in  Scotlandjf  and  on  the  continent  in  the  valley  of  the  Somme 


*  Owen.    British  Foesil  Mam.  and  Birds,  p.  190. 
f  Ljell.    Principles  of  Geology,  yoL  iii,  p.  826. 
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in  Pieaidy^*  in  the  peal  of  Flanders^  and  on  the  shores  of  Laka 
Roetoff. 

In  this  country  Prof.  Spencer  F.  Baird,  in  an  interesting  com-^ 
munication  to  the  American  Association  for  the  Advancement  of 
Science,  states  that  in  one  of  the  caves  in  Pennsylvania,  he  has 
found  the  remains  of  recent  beavers  associated  with  bones  of  re^ 
cent  species  of  wolves,  foxes,  bears,  rabbits,  muskrats,  otters, 
lynxes,  panthers,  &c.,  as  well  as  with  some  bones,  about  five  per 
cent,  of  the  whole,  of  extinct  species-f  I  have  not  been  able  to 
find  any  notice  of  remains  of  beavers  found  in  the  United  States 
in  a  fossil  condition.  At  present,  beavers  are  confined  to  the 
more  northern  districts,  extending  as  far  as  the  Mackenzie  river» 
lat.  67^  or  68^,  though  we  have  occasional  notices  of  their  exist- 
ing as  far  south  as  the  mountains  of  North  Carolina,  (S.  B.  Buck- 
ley in  Am.  Journ.  Sc,  vol.  iii,  [2],  p.  434,)  and  in  several  places 
in  Alabama,  (Prof.  R.  T.  Brumley  in  Am.  Jour.  Sc,  vol.  iv,  [2], 
p.  286.)  They  have  been  found  likewise  near  Peter's  mountain 
in  Virginia,  near  Ashville,  N.  C,  near  Milledgeville,  Ga.,  in  Dallas 
county,  Ala.,  and  Flanders  county,  Ey.  Dr.  Bachman  thinks 
they  formerly  existed  over  the  whole  continent  as  far  south  as 
the  tropic  of  Cancer.J 

No.  1.  Mastodon  giganieum. — ^This  was  one  of  the  earlier 
teeth  of  a  young  Mastc^on ;  the  longest  diameter  of  the  crown 
was  1*8  inch ;  its  transverse  diameter  at  the  posterior  edge  was 
1*6  inch,  and  at  the  anterior  1*2  inch,  allowance  being  made  for 
the  enamel  which  is  in  part  deficient.  The  points  of  the  crown 
have  been  entirely  worn  off,  the  grinding  surface  is  quite  oblique, 
highest  on  its  outer  edge,  somewhat  excavated,  and  very  beauti- 
fully polished.  At  the  posterior  inner  angle  the  crown  is  worn 
below  the  level  of  the  enamel,  but  on  its  outer  face  remains  of 
the  bases  of  three  ridges  are  still  visible,  invested  with  their  coat- 
ing of  enamel. 

The  remains  of  two  roots  or  fangs  still  exist,  one  of  which 
had  been  almost  wholly  absorbed,  and  the  other  had  the  length 
of  an  inch,  although  absorption  of  its  extremity  had  obviously 
taken  place.  The  small  size  of  this  tooth,  together  with  the  ex- 
istence of  but  three  ridges  on  the  crown,  indicate  that  it  was  the 
third  tooth  in  the  series. 

No.  2.  This  is  likewise  a  tooth  of  a  young  Mastodon,  but  larger 
than  the  preceding.  The  crown  was  more  worn,  its  surface  less 
oblique,  and  more  deeply  excavated.  On  one  of  its  margins, 
vestiges  of  three  ridges  remain,  and  in  addition  a  vestige  of  a 
rudimentary  fourth  ridge.  The  longest  diameter  of  the  grinding 
surface  was  2*7  inches;  its  larger  tij^nsverse  diameter  21,  and  its 

*  CuYkr.    Oes.  Foss.,  tome  viii,  p.  108«  4th  edit,  1886. 

{Proceedings  of  Am.  Amoc  Adv.  of  Science  at  Oambrid^,  1849,  p.  862. 
Audubon  and  Bachman.    Viyip.  Quad,  of  North  America,  yoL  i,  p.  866. 
Smokx)  Smu,  YoL  X,  No.  28.— July,  1860.  8 
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smaller  1-8  inch.  This,  from  its  greater  size,  as  well  as  from  the 
existence  (rf  a  rudimentary  fourth  ridge,  was  probably  the  fourth 
tooth  in  the  series.* 

The  absorption  of  the  fangs,  as  well  as  the  grinding  down  of 
the  crown  have  been  carried  so  far,  that  it  seems  quite  probable 
that  it  actually  had  been,  or  was  just  upon  the  point  of  being 
shed. 

No.  3.  Tooth  of  Megalonyx  laqueatus  Harlan. — This  tooth, 
which  is  represented  of  its  natural  size  in  the  adjoining  figures, 
(figs.  1  and  2,)  has  the  grinding  i. 

surface  perfect,  but  the  opposite 
extremity  is  broken  off.  The 
form  of  the  grinding  portion  is 
elongated  oval,  has  an  excavation 
in  the  middle,  which  is  continu- 
ous with  a  deep  emargination  on 
one  of  the  sides  of  the  tooth 
(fig.  1  a) ;  its  longest  diameter  is 
1-6  inch,  and  its  transverse  08 
inch.  On  the  inner  face  of  the 
tooth  there  exists  a  strongly  pro^ 
jecting  ridge,  which  extends  from 
the  crown  to  the  base.  On  the 
ground  surface,  three  distinct  por- 
tions may  be  discovered,  viz.,  1st, 
a  central  one  (fig.  2  a),  consisting 
of  ossified  pulp,  osteo-dentine^  2d, 
a  middle  portion  (6)  of  dentine^ 
and  3d,  an  outer  incrustation  of 
crusta  petrosa,  (c).  The  outer 
edge  of  the  dentinal  portion 
forms  a  sharp  and  prominent  ridge 
around  the  circumference  of  the 
crown ;  the  osteo-dentine  havinj 
been  worn  away  within  it  and 
the  crusta  petrosa  on  the  outside. 
At  the  broken  end,  the  pulp  cav- 
ity is  quite  large,  having  walls  of     Flg«.  1,2.    Upper  Tooth  of  Megalonyx-nit- 

only  about  0-2  inch  in  thickness,  " Fig^'hinner face. 

and   is   filled  with   a  com^^ct  Jl^f;^^,;-^^,,^^'''''^''^  *• '^ 

earthy  deposit. 


*  With  regard  to  the  succession  of  the  teeth  of  the  lower  jaw  of  tiie  Mastodon, 
the  following  rule  holds  good :  the  A  and  2d  molars  have  each  two  transTerse 
ridges ;  8d,  three  ridges  with  an  antenor  and  posterior  basal  ridge ;  4th,  has  three 
ridges  with  a  large  posterior  tuberculate  talon ;  5th,  resembles  the  preceding  but 
larger ;  6th,  supports  foiv  ridges  and  a  small  talon ;  Ith,  five  ridges  and  a  talon. 
See  Owen's  Odontography,  p.  620 ;  also  J.  B.  S.  Jadoon,  MJ).,  Proceedings  of  Boat 
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This  tooth  resembles  that  of  M.  Jeffersonii,  figured  by  Cuvier  ia 
the  Ossemens  Fossiles,  in  the  existence  of  the  lateral  ridge,  but  in 
its  proportions  does  not  materially  differ  from  that  of  M.  Uqueatus, 
Harlan,  described  and  figured  in  his  Med.  and  Phys.  Researches. 

No.  4  An  wigueal  phalanx  of  Megalonyx, — This  is  imper- 
fect and  was  from  a  young  animal,  as  is  indicated  by  the  fact  the 
epiphysis  forming  the  articulating  surface  was  not  coossified  with 
tbebodyof  the  bone,  and  has  been  detached.  (Fig.  3.)  Its  general 
resemblance  to  the  corresponding  part  of  one  of  the  Carnivora  is 
sufficiently  strong  to  render  excusable  the  error  of  President  Jef- 
ferson, who  referred  some  remains  of  Megalonyx  to  this  group  of 
animals. 

8. 


Unfoeal  phalanx  of  Mefiilonjz.    Two>thirda  natoral  tise. 

An  ungueal  phalanx  of  Megalonyx  is  distinguished  from  that 
of  either  Mylodon  or  Megatherium,  by  its  greater  lateral  com- 
pression, by  its  more  trenchant  upper  edge,  as  well  as  by  the  ab- 
sence of  a  marked  flattening  or  indentation  of  this  last  near  the 
Sdnt.*  It  does  not  appear  that  the  osteology  of  the  foot  of 
egalonyx  has  as  yet  been  much  more  definitely  made  out  than 
is  its  dentition. 

The  specimen  here  described  differs  in  its  proportions  from 
those  of  which  I  hav^e  been  able  to  find  any  figures,  it  being 
much  higher  in  proportion  to  its  length,  allowance  being  made  for 
the  absence  of  the  articulating  epiphysis.  Its  upper  edge  is  quite 
regularly  curved,  rounded  near  the  base,  but  the  half  near  the 
apex  is  trenchant.  The  point  of  the  bone  is  depressed,  and  is 
separated  from  the  tuberosity  by  an  obtuse  angular  notch.  The 
under  edge  of  the  bone  is  rounded  near  the  apex,  but  becomes 

Soa  Nat  Hist,  vol  ii,  pp.  60  and  140.    Dr.  Jackson  has  shown  by  actual  examina- 
tion that  the  molar  tooth  described  by  Prof.  Oiren  as  replactnff  tlie  first  and  second 
milk  teeth,  and  deyeloped  in  the  jaw  beneath  them  m  Mastodon  angustidens,  does 
Dot  exist  in  the  Mastoaon  g^iganteom. 
*  OweQ*B  Memoir  on  the  Mylodon,  p.  100. 
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fluttened  and  n  divided  by  a  prominent  ridge,  ^hich  forming 
the  base  of  the  tuberosity  in  front,  becomes  gradually  thicker 
and  stronger  as  it  merges  into  the  latter.  Laterally  near  the  point 
and  at  the  base  are  numerous  vascular  channels  and  openings ; 
one  orifice  of  much  greater  size  than  the  rest,  exists  on  each  side 
jufift  above  the  tuberosity,  and  from  it  several  deeply  impressed 
channels  extend  towards  the  extremity  of  the  bone.  The  tuber- 
osity projects  from  each  side  of  the  bone,  the  upper  surface  of 
this  projection  being  excavated  into  a  deep  and  narrow  channel. 

In  consequence  of  the  absence  of  a  part  of  this  bone,  the  pro- 
portional measurements  of  the  whole  cannot  be  given.  Its  great- 
est height  from  the  tuberosity  vertically  upwards  is  3  inches,  its 
greatest  thickness  is  one  inch ;  from  the  apex  to  the  middle  of  its 
greatest  vertical  diameter  3*5  inches. 

Bibliography  of  the  genus  Megalonyx : — 

Jefersorif  President  Memoir  on  the  discovery  of  certain  quad- 
rupeds of  the  clawed  kind,  in  the  western  parts  of  Virginia :  Am. 
Philosoph.  Trans.,  1st  series,  vol.  iv,  p.  246. 

Wistary  Ccispar^  Dr.  Description  of  the  bones  deposited  by 
President  Jefferson  in  the  Museum  of  the  Society.  With  plates. 
Trans.  Am.  Philos.  Soc.,  1st  series,  vol.  iv,  p.  626. 

Cuvier.    Ossemens.  Fossiles.    Tom.  viii,  p.  304    PL  216. 
Fourth  edition.    1836. 
Harlan^  Richard.    Medical  and  Phys.  Researches,  pp.  319, 
271,  331. 
"    American  Jour.  Science,  vol.  xliii,  p.  141 ;  vol.  xliv,  p.  69  ; 

xlv,  p.  209. 
"    Journal  Acad.  Nat.  Sciences,  vol.  vi,  p.  269.     This  pa- 
per contains  a  description  of  numerous  parts  of  the 
skeleton. 
Troost,  — .    Remains  of  Megalonyx  in  Tennessee.    Trans. 
Oeolog.  Soc.  Penn.,  vol.  i,  p.  144. 

Owen,  Richard.    Memoir  on  the  Mylodon.    See  his  numerous 

comparisons  of  Megatheroid  animals.  Also  Conspectus 

of  families,  genera  and  species  of  this  group,     p.  168. 

'^    LfCtter  to  the  editors  on  Dr.  Harlan's  notice  of  new  fossil 

Mammalia,  Am.  Jour.  Sci.,  vol.  xliv,  p.  341. 
"    Odontography,  p.  333,  pi.  80,  fig.  7. 
"    Fossil  Mammalia — Zoology  of  the  Beagle.  Pt.  L  pp.  63, 
99.    PL  xxix. 
Dekay.    Nat.  Hist.  N.  Y.   Pt.I.    Zoology  of  Mammalia,  p.  99. 
BlainviUe.    Recherches  sur  I'ancienneti  des  Edentis  terrestres 
au  surface  de  la  terre.    Comptes  Rendus,  Jan.  21st, 
1839,  pp.  69,  139. 
"    Osteographie.    Fascic.  Oravigrades. 
Lund,  Dr.   Extrait  d'une  lettre  de  M.  Lunde  ecritte  a  Lagoa 
Santa,  ( Brezil. )  Comptes  Rendus — Seance,  Avril  16, 1839|,  p.  570. 
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Cooper^  William.  Annals  Lyceum  Nat.  Hist.  N«  York,  toL  iii, 
p.  167.  This  contains  an  enumeration  of  all  the  bones  of  Megar 
lonyx  discoyered  previous  to  that  date  (1833),  with  accurate  ana« 
tomical  observations. 

Am.  Monthly  Magazine,  vol.  i,  p.  157. 

Penny  Cyclopedia.     Article  Megatheridae. 

DoeUinger.    Spix  and  Martins — Reise  in  Brazil,  Band.  II,  p.  6* 

Lund,  Dr.  Blik  paa  Brastlens,  &,c.  View  of  the  Fauna  of 
Brazil  prior  to  the  last  geological  revolution.  Quarto.  Ejoben* 
havn,  1838,  p.  21. 


No.  6.  Lower  Jaw  of  a  Beaver. — ^This  is  the  jaw  of  the  right 
side,  (fig.  4,)  is  deficient  in  a  portion  of  the  coronoul  process  which 
is  broken  obliquely  across  from  the  condyle  to  near  its  base  in 
front ;  a  large  portion  of  the  <' angle"  of  the  bone  is  likewise  de- 
stroyed, and  the  fiirst  and  fourth  molar  teeth  are  lost.  Initsgeneral 
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conformation  it  corresponds  very  nearly  with  that  of  a  specimen 
of  a  conunon  beaver  (Castor  fiber,  americanus),  from  the  neigh- 
borhood of  Moose-head  Lake,  except  that  the  impressions  for  the 
attachments  of  the  temporal  and  masseter  muscles  are  more 
strongly  marked  in  the  fossil  than  in  the  recent  specimen.  The 
form  of  the  condyle  is  somewhat  different  in  the  two ;  that  of 
the  fossil  specimen  being  longer  in  its  antero-posterior  diame- 
ter and  resting  on  a  much  broader  neck ;  the  whole  jaw  when 
viewed  from  above  is  also  more  curved,  having  the  form  of  an 
italic /more  strongly  marked. 

The  second  and  third  molars  alone  exist,  and  on  close  compari- 
son present  some  peculiarities  not  found  in  the  recent  jaw.  The 
anterior  fold  of  enamel  in  each  tooth  which  is  directed  across 
nearly  the  whole  breadth  of  the  crown  from  the  inner  to  the 
outer  edge,  is  slightly  involuted  (fig.  4  a,)  at  the  point  where  it 
approaches  the  outer  surface,  while  that  of  the  recent  specimen 
forms  a  simple  rounded  termination. 

The  comparative  dimensions  of  the  fossil  and  recent  specimens 
are  as  follows : 

LfCngth  from  tip  of  incisor  to  middle  of  condyle,      3*9  inches. 
The  same  in  the  recent  specimen,       .        .        .3*5     '^ 
Length  of  the  alveolar  process  for  the  molars,      .     1-6     " 
The  same  in  the  recent  specimen,       .        .        .     1-3     " 

No.  5.  This  is  an  alveolar  portion  only,  of  a  left  lower  jaw, 
and  contains  the  2d,  3d  and  4th  molars,  which  gradually  become 
smaller  from  the  second  to  the  fourth.  The  teeth  of  this  speci- 
men present  the  same  complication  of  the  folds  of  enamel  as  in 
the  preceding  one. 

No.  7.  Is  a  fragment  of  the  left  incisor  tooth  of  a  beaver,  but 
both  extremities  are  broken  off.  In  its  dimensions  it  corresponds 
with  the  same  tooth  in  No.  5,  but  is  of  much  darker  color  and 
appears  to  have  come  from  a  different  locality. 

Remarks. — The  differences  between  the  teeth  of  the  fossil 
and  recent  specimens  above  referred  to,  would,  in  the  minds  of 
many  naturalists,  be  sufficient  grounds  for  the  establishment  of 
an  additional  species.  I  have  made  comparisons  with  only  two 
recent  specimens,  and  do  not  consider  myself  justifiable  in  form- 
ing a  new  species,  until  by  a  careful  examination  of  several  jaws, 
the  limit  of  natural  variations  be  determined.  It  is  not  improba- 
ble that  the  above  differences  come  within  that  natural  limit,  or 
may  be  a  sexual  peculiarity.  It  is  certainly  a  matter  of  some 
interest  and  importance  to  determine  if  the  fossil  and  recent  spe- 
cies are  identical. 

No.  8.  Castoroides  Ohioensis^  Foster. — The  most  interesting 
specimen  from  the  Memphis  collection  is  a  large  fragment  of  the 
right  half  of  the  lower  jaw  of  this  recently  discovered  species,  a 
species  not  only  interesting  for  some  of  its  osteological  peculiari- 
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ties,  but  for  the  feet  of  its  being  the  most  gigantic  meonber  of  the 
order  of  Rodents  hitherto  discovered,  whether  recent  or  fossil.* 

The  present  fragment  is  7*3  inches  in  length,  though  the  con- 
dyle, coronoid  process,  ''angle''  and  the  whole  of  the  under  por* 
tion  of  the  jaw  have  been  broken  oflf — a  portion  of  the  notch  (sig- 
moid) between  the  condyle  and  coronoid  process  remains.  The 
four  molar  teeth  with  their  alveolar  dependencies  are  entire,  and  a 
large  fragment  of  an  incisor  tooth  is  still  preserved  lodged  in  its 
partly  destroyed  alveolus.  The  jaw  is  larger  and  somewhat  more 
massive  that  the  one  described  by  Mr.  Poster,  but  in  other  re- 
spects does  not  appear  to  differ  materially  from  it.  An  approxima- 
tion to  the  proportional  dimensions  of  the  three  jaws  which  have 
been  noticed  may  be  deduced  from  the  following  measurements. 
Length  of  the  grinding  surface  of  the  molars  in 

The  specimen  from  New  York,  2-7}  inches. 

"  "  "      Ohio,  2-8        " 

"  "  "      Memphis,  31        " 

In  some  other  measurements  the  Memphis  specimen  *• 

exceeds  the  preceding  ones  in  the  same  proportion. 
The  grinding  surface  of  the  molar  teeth  taken 
together  is  somewhat  concave  in  the  direction 
of  its  length.  The  anterior  tooth  rises  nearly 
three-fourths  of  an  inch  above  the  alveolus,  the 
second  and  third  sink  nearly  to  its  level,  but  the 
fourth  is  a  little  more  elevated.  Each  tooth  con- 
sists of  a  series  of  elongated  elliptical  plates  or 
laminae  of  enamel  which  include  the  dentinal 
portion;  they  are  directed  obliquely  across  the 
crown,  and  cemented  together  by  a  layer  of  crusta 
petrosa.  The  front  tooth  (fig.  5  a)  which  is  the 
largest,  has  four  laminae,  the  first  quite  small  and 
the  third  the  longest  and  the  most  oblique.  On 
the  outer  face  there  is  a  deep  groove  between  the 
third  and  fourth  plates,  and  on  the  inside  one  be- 
tween the  first  and  second,  another  between  the 
second  and  third,  and  a  very  indistinct  one  between 
the  third  and  fourth.  The  second  and  third  grinders 
have  but  three  laminae,  and  their  grinding  surface 
has  the  outline  of  an  hour  glass  or  a  figure  8,  in 
consequence  of  the  existence  of  but  a  single  groove 
on  the  outer  and  on  the  inner  face.  In  both  of 
these  teeth  the  first  and  third  laminae  are  parallel  to 
each  other,  but  the  second  makes  an  angle  with  them,  so  as  to 
touch  the  first  on  the  outside,  and  the  third  on  the  inside  of  the 

*  This  gpedes  was  first  recognized  and  described  by  Mr.  J.  W.  Foster  in  Am.  Jour. 
Sd,  ToL  zjod,  p.  80,  also  in  the  second  Report  of  the  Geological  Survey  of  Ohio,  p. 
81.  A  cranium  nearly  entire  was  subsequently  discovered  in  Clyde,  N.  Y^  and  was 
described  and  figured  in  the  Boston  Jounial  I7at  Histoiy,  vol  v,  p.  885. 
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tooth.  The  outer  groove  is  ntmtted  between  the  second  and 
third  plates  and  the  inner  between  the  seoond  and  first,  but  in 
consequence  of  the  obliquity  of  the  third  (date,  are  nearly  oppo- 
site. The  fourth  tooth  is  the  smallest,  the  laminae  are  all  nearly 
parallel  to  each  other  and  the  lateral  grooves  are  much  less  deep 
than  in  the  preceding  teeth. 

It  does  not  appear  from  any  examination  which  1  have  made 
of  the  fractured  teeth,  that  the  different  laminsB  are  united  togeth- 
er at  their  bases  by  a  continuous  layer  of  enamel  passing  from 
one  plate  to  the  other,  as  is  the  case  in  the  teeth  of  the  elephant* 
Each  tooth  appears  to  be  made  up  of  a  series  of  flattened  denti- 
nal columns  invested  with  enamel  and  simply  cemented  together 
by  crusta  petrosa. 

The  incisor  tooth  in  a  transverse  section  is  of  a  triangular  form, 
with  rounded  angles ;  its  inner  face  smooth  and  concave,  its  an- 
terior convex  and  fluted  with  well  marked  parallel  grooves,  and  its 
posterior  convex  and  smooth.  The  double  curvature  of  this  tooth 
is  quite  remarkable ;  when  viewed  laterally  its  curve  is  that  of 
the  segment  of  a  circle ;  when  viewed  from  below  it  has  a  curv- 
ature in  a  plane  at  right  angles  to  the  preceding,  which  curve  as 
is  shown  very  distinctly  in  the  cast  of  Mr.  Foster's  specimen  is 
in  the  form  of  an  /,  as  is  the  case  in  the  beaver  and  many  other 
Rodents.  If  both  of  these  curves  were  continued  they  would 
produce  a  spiral.  It  is  well  known  that  the  incisor  teeth  of 
Rodents  are  constantly  wearing  away  at  the  apex,  and  are  as 
constantly  replaced  at  the  base,  so  that  if  we  would  suppose  the 
growth  continued  through  life,  and  that  no  abrasion  took  place, 
there  would  be  eventually  produced  a  spiral  of  several  revolutions 
in  the  form  of  a  cork-screw.  We  have  an  approximation  to  this 
in  Rodents  which  have  lost  one  of  their  incisors,  and  in  whom 
the  opposite  one  no  longer  worn  off,  has  continued  to  increase  in 
length  sometimes  forming  more  than  one  revolution.* 

The  remains  of  the  Castoroides  though  they  have  seldom  been 
found,  have  nevertheless  as  already  stated,  a  wide  geographical 
distribution,  having  been  discovered  in  New  York,  Ohio,  Tennes- 
see and  Louisiana,  and  in  all  these  localities  except  New  York, 
have  been  associated  with  the  remains  of  the  Mastodon  ;  and  Mr. 
Hall  refers  the  deposit  in  which  the  New  York  specimen  was 
found  to  the  same  period  as  the  deposits  in  which  the  Mastodon 
has  been  discovered  in  the  neighboring  portions  of  that  state.f 

It  is  also  interesting  to  notice  the  existence  of  the  remains  of 
Castor  and  Castoroides  in  the  same  localities,  one  of  which  con- 
tinues to  the  present  period,  and  the  other,  the  gigantic  representa- 
tive of  the  Rodents,  has  disappeared  with  the  corresponding  one 
of  the  Pachyderms. 

*  See  Catalogue  of  Cabinet  of  Boat  Soc.  Med.  Lnprorement,  spedmeiui  5£7  and  688. 

f  Notice  of  Sie  Geological  position,  and  an  anatomical  description  of  the  craniom 
of  Castoroidei  Ohioen8is.~By  James  Hall,  Esq^  and  Dr.  J.  Wyman.  Boston  Joiir> 
nal  of  Nat  Bkt,  rol  y,  p.  886. 
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Abt.  IX.— On  the  Geological  Structure  of  Keweenaw  Point; 
by  Dr.  C.  T.  Jackson,  U.  S.  Geologist. 

(From  the  Proceedioga  of  the  American  Association,  2nd  meeting,  held  at  Cambridge, 

1849,  p.  288.) 

This  remarkable  promontory  extends  from  the  south  side  of 
Lake  Superior  nearly  into  the  middle  of  the  Iiake,  from  46^  40' 
to  47^  29^  north  latitude,  and  is  comprised  between  87°  55'  and 
89°  3(K  west  longitude.  Its  general  direction  is  to  the  E.N.E., 
in  the  line  of  the  trend  of  the  great  dikes  or  masses  of  Trap 
rocks  which  form  its  central  ridges. 

The  surface  of  the  country  is  broken  and  rolling,  and  some  of 
the  hills  attain  an  elevation  of  nearly  900  feet  above  the  lake 
level.  Although  but  few  species  of  rocks  exist  on  this  promon- 
tory, they  present  phenomena  of  remarkable  scientific  and  practi- 
cal interest.  On  the  immediate  coast,  excepting  at  a  few  points, 
the  first  rocks  that  meet  the  eye  of  the  geologist  are  a  coarse  con- 
glomerate, made  up  of  large  rounded  and  smooth  pebbles  of  red 
porphyry  quartz,  altered  slate  and  sandstone,  masses  of  epidote 
rock,  syenite  and  hard  greenstone  trap,  mostly  of  the  porphyritic 
variety,  and  regular  strata  of  fine  grained  red  and  grey  or  mottled 
sandstone,  devoid  of  any  fossil  contents. 

The  direction  of  the  strata  of  sandstone  and  conglomerate  is 
parallel  to  the  line  of  uplift  of  the  trap  rocks,  or  E.N.E.,  W.S.W. 
Its  dip  is  toward  the  W.N.W.,  at  various  angles,  being  greatest 
near  the  trap  rocks,  which  come  between  their  strata  and  divide 
the  great  masses  of  sandstone  throughout  the  whole  length  of  the 
promontory.  The  strata  remote  from  the  trap  on  Keweenaw 
Bay,  and  tho  opposite  side  of  the  point,  at  the  portage,  are  hori- 
zontal or  but  slightly  waving,  while  near  the  trap  rocks  the  dip 
of  the  strata  is  generally  as  high  as  30°,  and  sometimes  more. 
The  conglomerate  rock  is  limited  to  the  borders  of  the  trap  range, 
and  is  of  the  same  geological  age  as  the  finer  grained  sandstones, 
and  alternates  with  them. 

At  the  line  of  junction  of  the  trap  rocks  and  sandstones,  the 
sandstone  and  trap  are  interfused,  producing  that  singular  and 
very  important  metamorphic  rock  amygdaloid,  a  rock  closely  re- 
sembling the  vesicular  lava  of  volcanoes,  but  having  its  cavities 
filled  with  a  great  variety  of  curious  and  interesting  minerals. 

In  the  memoir  published  by  Mr.  Alger  and  myself  on  the  min^ 
eralogy  and  geology  of  Nova  Scotia,  in  the  American  Journal  of 
Science,  vols,  xiv,  xv,  1828,  will  be  found  an  accoimt  of  the  ori- 
gin of  amygdaloidal  rocks,  like  those  of  Keweenaw  Point,  and 
it  may  not  be  uninteresting  to  compare  the  trappean  ranges  on 
Lake  Superior  with  those  of  Nova  Scotia.  On  inspection  of  the 
map  it  will  be  seen  that  the  great  trappean  band  on  Keweenaw 

SsooiiD  Seehs,  Vol  X,  No.  28.— July,  1850.  9 
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Point  is  parallel  with  that  on  the  borders  of  the  Bay  of  Pundy 
in  Nova  Scotia,  and  it  will  be  further  noticed  on  examination  of 
the  geology  of  these  distant  regions,  the  conditions  of  the  rocks 
are  similar,  if  not  identical.  The  trap  of  Nova  Scotia,  like  that 
on  Lake  Superior,  protrudes  from  below  the  red  sandstone,  sup- 
posed to  be  the  new  red,  and  passes  between  the  strata  in  the  line 
of  least  resistance.  Amygdaloid,  with  species  of  minerals  simi- 
lar to  those  of  Lake  Superior,  excepting  Prehnite,  which  is  rarely 
found  in  Nova  Scotia,  exist  also  at  the  line  of  junction  of  the 
trap  rocks  and  sandstones  of  Nova  Scotia.  Native  copper  occurs 
in  the  amygdaloid  of  both  places,  but  is  more  commonly  found 
in  the  trap  tuff  of  Nova  Scotia,  while  it  occurs  more  abundantly 
in  the  amygdaloid  of  Lake  Superior.  Heulandite  is  rare  in  the 
Lake  Superior  trap  rocks,  while  it  is  extremely  abundant  in  Nova 
Scotia,  but  the  other  minerals  are  of  the  same  species  in  both 
places. 

It  will  be  observed  on  examination  of  the  geological  maps,  that 
the  same  gentle  crescentic  curving  of  the  trap  bands  towards  the 
northwest  was  noticed  in  both  countries,  a  fact  also  recorded  by 
Dr.  Percival  and  Prof.  Rogers,  in  their  reports  on  the  geology  of 
Connecticut  and  New  Jersey. 

General  geological  laws  seem  to  have  prevailed  in  all  the  re- 
gions where  trap  rocks  have  burst  through  sandstone,  the  effects 
of  heat  being  recognizable,  and  proportional  to  the  relative  mass- 
es of  intruded  rocks. 

It  cannot  fail  to  strike  every  geologist  familiar  with  rocks  of 
igneous  origin,  and  their  effects  on  sedimentary  strata,  that  the 
history  of  the  origin  of  trap  rocks  is  indelibly  recorded,  and  that 
they  are  really  lavas  that  have  risen  from  the  interior  of  the  globe 
through  fractures  in  its  crust,  taking  the  line  of  least  resistance 
by  passing  between  the  strata. 

By  the  influence  of  heat  the  sedimentary  strata  were  interfused 
with  the  igneous  rocks,  and  it  is  a  singular  fact  that  amygdaloid 
is  most  abundantly  produced  by  the  action  of  trap  rocks  on  sand- 
stone, and  that  copper  is  the  most  usual  metal  found  in  the  fis- 
sures, amygdules,  and  pockets  of  the  resulting  amygdaloid. 

True  workable  veins  of  native  copper  in  this  class  of  rocks  had 
not  been  described,  so  far  as  I  know,  anterior  to  my  researches  on 
Lake  Superior,  and  it  was  regarded  as  contrary  to  all  experience 
that  this  metal  should  thus  occur  in  quantities  sufficient  for  prof- 
itable mining.  The  only  locality  where  native  copper  has  been 
mined  to  any  extent,  is  in  Siberia,  but  the  metal  is  not  in  trap. 

Having  satisfied  myself  of  the  fact  that  adequate  quantities  of 
the  metal  did  exist  in  veins  in  the  amygdaloid  trap  of  Lake  Su- 
perior, I  ventured  to  recommend  the  opening  of  mines  on  Ke- 
weenaw Point,  on  and  near  Eagle  River,  and  the  result  has  proved 
that  native  copper  veins  can  be  profitably  wrought    I  mention 
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this  fact  now  in  order  to  recdl  to  your  minds  the  objectioos  that 
were  made  to  my  views  on  this  subject  at  our  meeting  in  New 
Haven,  in  1845.  The  predictions  I  then  made  are  now  fully 
verified. 

Nature  of  the  Veins  in  the  Trap  rodb.*— There  are  two  clas0- 
€8  of  veins  known  to  miners  on  Lake  Superior,  viz. :  1st.  Those 
running  with  the  <<  country,"  or  parallel  to  the  course  of  stratified 
rocks  through  which  the  trap  rocks  pass^veins  that  are  sometimes 
•  called  beds,  or  interstratified  masses.  And  2nd.  Those  which  cross 
the  '*  country,"  or  cut  transversely  at  various  angles  the  line  of  di- 
rection of  the  strata. 

These  last  are  called  true  veins,  and  are  the  only  ones  on  which 
miners  have  thus  far  placed  reliance  as  to  their  continuing  rich  to 
any  considerable  depth.  I  do  not  regard  the  question  as  fully  set- 
tled by  experience  in  this  district,  that  mining  should  be  confined 
to  the  transverse  veins,  for  there  is  reason  to  believe  that  both 
classes  of  veins  are  of  the  same  origin,  and  no  facts  have  yet 
been  adduced  to  prove  that  veins  running  with  the  "  country" 
cannot  be  advantageously  wrought.  On  the  contrary,  it  is  known 
that  large  quantities  of  native  copper  are  raised  from  this  class  of 
veins  on  the  Ontonagon  River,  and  it  is  probable  that  some  on 
Isle  Royale  will  ultimately  prove  valuable.  A  few  good  practi- 
cal experiments  in  mining  will  settle  this  mooted  point  in  practi- 
cal geology.  It  is  obvious,  since  the  trap  rocks  are  not  really 
stratified,  that  this  class  of  veins  cannot  be  correctly  denominated 
interstratified,  though  they  may  be  imbedded. 

The  first  class  of  veins  run,  as  will  be  understood  by  what  I 
have  previously  said,  nearly  E.N.E.,  W.S.W.,  varying  with  the 
flexures  of  the  line  of  junction  of  the  trap  and  sandstone,  and  are 
included  between  the  two  rocks  in  amygdaloid  or  in  epidote,  this 
mineral  being  the  most  usual  gangue  or  matrix  of  the  copper. 
Regular  walls  of  solid  copper  of  some  inches  in  thickness,  have 
been  observed  in  one  of  the  new  mines  opened  in  the  Ontonagon 
River,  and  sheets  of  considerable  size  have  been  found  in  the 
«ast  and  west  veins  on  Isle  Royale. 

Mining  operations  are  now  in  progress  to  test  the  pernumency 
of  these  veins ;  we  shall  know  in  a  year  or  two  the  results. 

The  second  class  or  tranverse  veins  run  generally  in  a  course 
N,  26°  to  30^  W.,  8.  26^  to  30^  E.,  and  conseqiiently  cut  across 
the  line  of  direction  of  the  trap  rocks  and  adjacent  strata.  They 
are  especially  rich  ifi  the  amygdaloidal  trap,  and  thus  far  have  not 
been  profitably  worked  beyond  its  limits.  In  the  hard  trap  rock 
they  are  pinched  or  become  narrow,  thin  plates  of  metallic  cop- 
per filling  these  seams  in  the  trap.  The  "  veinstone"  contains 
the  following  species  of  minerals :  prehnite,  calc  spar,  laumonite, 
leonhardite,  qnartz,  datholite,  chabasite,  mesotype,  apophyllite, 
feldspar,  analcime,  and  woUastonite. 
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The  most  commoii  veinstone  is  prehnite,  which  occnrs  in  reg- 
ular synunetrical  veins,  the  prehnite  encrusting  the  sides  of  tb& 
fissures  and  closing  in  the  middle  of  it  by  crystallized  botryoidal 
surfaces.  At  the  surface  these  veins  are  rarely  more  than  six 
inches  in  width  and  containing  only  minute  scales  of  metallic 
copper,  the  presence  of  which  in  decomposed  veins  is  most  read- 
ily detected  by  spots  of  green  carbonate  of  copper,  derived  from 
exposure  of  the  metal  to  the  air  and  water.  These  narrow  and 
poor  veins  of  prehnite  enrich  in  copper  as  they  descend  into  the- 
rock,  until  at  last  the  prehnite  gives  way  to  copper  and  its  space 
is  entirely  occupied  by  it,  a  thick  vein  of  solid  copper  filling  the 
fissure,  while  the  prehnite  was  either  absorbed  by  the  rock,  or  the 
condition  of  the  rock  was  such  that  it  could  not  be  formed. 

At  the  Cliff  Mine  of  the  Boston  and  Pittsburg  Mining  Compar- 
ny,  the  vein  at  the  top  of  the  cliff  consisted  of  prehnite,  contain- 
ing only  minute  scales  of  copper,  and  was  only  six  inches  wide, 
but  it  was  found  on  descending  that  this  vein  widened,  about  two 
hundred  feet  lower  down,  to  eighteen  inches,  and  lower  still  it 
had  widened  to  two  feet,  and  was  charged  with  from  five  to  thirty 
per  cent,  of  metallic  copper,  and  some  particles  of  silver.  The 
average  yield  of  a  large  sample  of  the  vein  at  the  surface  was 
found  to  be  Sy^^th  per  cent,  of  copper,  and  it  was  estimated  ths^ 
the  ore  could  be  practically  "  bucked"  or  picked  up  to  16  per  cent 

The  width  of  the  vein  was  estimated  to  be  three  feet  at  the 
base  of  the  hill,  where  it  was  still  concealed  from  view  by  the 
soil.  On  driving  a  level  into  the  cliff  and  one  at  the  base  of  the 
hill,  the  vein  was  proved  to  be  much  richer  than  at  the  surface, 
and  on  sinking  a  shaft  to  the  depth  of  226  feet  below  the  base 
of  the  hill,  it  exposed  sheets  of  copper  varying  in  thickness  from 
a  few  inches  to  three  feet  These  masses  of  copper  filled  the 
vein,  and  the  prehnite  and  other  zeolitic  minerals  disappeared.  By 
carrying  forward  levels  at  the  f)roper  points,  sixty  feet  below  each 
other,  and  by  stoping  out  the  backs  of  the  levels,  large  flattened 
ellipsoidal  masses  of  copper  were  exposed,  and  removed  by  heavy 
blasts  of  gunpowder.  These  masses  were  then  cut  up  by  mor- 
tising out  channels  through  them  by  means  of  steel  chisels,  driven 
by  a  heavy  sledge  hammer. 

Some  idea  may  be  formed  of  the  rapid  increase  in  richness  of 
this  lode  by  comparing  the  poor  prehnite  vein  at  the  top  of  the 
hill  with  the  ponderous  masses  of  pure  copper  that  are  now  cut 
up  in  the  mine  below.  One  mass  of  pure  copper  extracted  while 
I  was  on  the  survey,  weighed  eighty  tons,  and  other  masses  prob- 
ably of  equal  magnitude  were  in  process  of  being  uncovered. 

Taking  into  account  the  height  of  the  cliff  in  which  the  vein 
is  seen,  and  the  depth  of  the  shafts  at  its  base,  we  have  the  vein 
proved  526  feet  deep,  and  thus  far  it  has  been  steadily  enriching, 
and  has  surpassed  the  most  sanguine  expectations  of  all  the  miners 
and  geologists  who  had  examined  it 
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Already  ihb  mine  sends  to  market  neariy  a  thousand  tons  of 
copper  ore  per  annum,  the  ore  being  estimated  to  contain  sixty 
per  cent,  of  pure  copper  after  it  is  cleansed  of  the  adhering  rock. 
'J'his  mine,  it  is  understood,  has  paid  for  itself  and  made  a  divi- 
dend of  ten  dollars  per  share  to  its  owners. 

It  is  highly  probable  that  other  mines  on  Keweenaw  Point,  if 
wrought  with  the  same  energy  and  skill,  would  prove  equally 
valuable,  but  thus  far  no  mining  equivalent  to  that  of  the  Ek)ston 
and  Pittsburg  Mining  Company  has  been  attempted,  and  it  is  dif- 
ficult to  find  a  miner  so  competent  to  the  task  as  Oapt.  Jennings, 
the  Cornish  miner,  who  has  had  charge  of  this  remarkable  mine. 
I  exhibit  to  you  a  profile  and  plan  of  the  mine,  in  which  all  the 
excavations  are  fully  delineated. 

Among  other  promising  mines  are  the  North  American,  the 
Copper  Falls,  the  Northwest,  and  the  Phenix,  all  of  which  have 
been  sufficiently  proved  to  warrant  the  belief  that  they  can  be 
advantageously  wrought,  but  still  it  must  be  remembered  that 
even  in  the  best  known  mineral  districts,  mines  frequently  fail 
to  prove  profitable  from  causes  that  are  not  at  once  foreseen.  The 
North  American  Company's  mines  are  situated  very  near  the  Cliff 
mine,  on  the  west  branch  of  Eagle  River,  and  are  now  wrought 
with  energy,  jand  give  promise  of  success  nearly  equal  to  that  of 
the  Cliff  mine  before  described.  The  veins  are  similar  in  their 
nature  and  in  their  contents,  so  that  I  need  not  describe  them. 

The  Copper  Falls  mines  have  been  opened  to  a  considerable 
extent,  and  from  one  of  the  veins  a  single  mass  of  copper  was 
taken  that  weighed  eight  tons.  It  was  sawed  into  pieces  and  sent 
to  market.  I  exhibit  to  the  section  a  specimen  sawed  from  this 
mass.  It  is  perfectly  pure  copper,  and  as  dense  as  the  purest  ham- 
mered copper  of  commerce,  showing  its  perfect  fineness.  There 
is  a  considerable  proportion  of  native  silver  mixed  with  the  cop- 
per of  this  mine,  and  in  the  green  veinstone,  a  sjjecimen  of  which 
I  lay  before  you.  Silver  is  found  also  in  most  of  the  copper 
mines  of  the  lake,  and  frequently  in  sufficient  quantities  to  be  of 
commercial  value.  It  is  most  curiously  united  with  the  copper, 
and  in  some  of  the  pieces  I  lay  before  you,  the  metallic  copper  is 
actually  porphyritic  with  masses  of  silver,  and  yet  the  silver  is 
absolutely  pure,  and  the  copper  is  also  pure,  there  being  no  alloy- 
ing or  chemical  union,  but  a  mere  metallic  cementation  at  the 
line  of  contact.  This  phenomenon  is  seen  in  all  the  localities  on 
the  lake  where  native  copper  and  silver  occur  together,  and  this 
state  of  the  metals  must  have  arisen  from  a  common  cause  acting 
in  every  one  of  the  veins.  It  is  not  capable  of  being  explained 
in  the  present  state  of  chemical  and  geological  knowledge,  and  is 
a  subject  for  experimental  research.  The  solution  of  this  ques- 
tion will  lead  to  an  explanktion  of  the  origin  of  the  native  cop- 
per and  silver  veins,  the  rationale  of  which  we  have  not  yet 
reached. 
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All  the  experiments  I  have  devised  and  execnted,  to  discover 
the  cause  of  the  separation  of  the  copper  and  silver,  as  seen  in 
these  specimens,  have  given  negative  results.  The  experiments 
were  made  on  fused  alloys  of  silver  and  copper.  The  metals  did 
not  separate  by  galvanic  agency.  Little  has  yet  been  done  to- 
wards extensive  working  of  the  Northwest  Company's  copper 
mine.  It  is  situated  a  few  miles  from  Eagle  Harbor,  and  several 
rich  veins  of  native  copper,  with  some  native  silver,  have  been 
discovered  and  wrought  to  a  small  depth.  The  want  of  confi- 
dence in  this  new  kitid  of  mining  prevents  the  investment  of 
sufficient  capital  and  the  employment  of  a  sufficient  mining  force 
to  work  the  mines.  I  am  confident,  that,  with  capital  and  skill, 
this  company's  mine  might  soon  be  rendered  profitable. 

The  old  Lake  Superior  Company,  the  first  organized  for  min- 
ing on  Lake  Superior,  was  unsuccessful  in  its  first  operations 
from  several  causes,  among  which  the  want  of  miners  capable  of 
carrying  on  the  work  in  a  proper  manner  was  the  chief;  and  it 
iliould  be  remembered  that  mining  for  native  copper  was,  at  that 
time,  a  new  business  to  both  English  and  American  miners. 
Numerous  changes  were  made  and  many  new  shafts  were  sunk, 
but  no  regular  preconceived  plan  was  ever  carried  out,  and  hence 
the  mines  are  in  a  neglected  state.  Much  allowance  should  be 
made  for  the  newness  of  the  enterprise,  the  wilderness  state  of 
the  country,  and  want  of  skill  in  the  miners  hastily  collected 
from  districts  wholly  unlike  the  one  they  were  sent  to  explore. 
There  was  also  an  erroneous  opinion  prevalent  among  many  of 
the  original  stockholders  that  mining  could  bo  made  profitable 
from  the  outset, — a  most  fallacious  idea.  The  company  soon 
closed  up  its  mining  operations,  and  I  have  heard  that  a  new  or- 
ganization has  been  since  adopted,  and  it  is  hoped,  if  mining  op^ 
orations  are  again  begun,  a  regular  system  will  be  pursued,  mod- 
elled after  the  plan  of  the  Boston  and  Pittsburg  Company's  work- 
ings. The  Lake  Superior  or  Phenix  Company's  veins  are  rich  in 
native  copper  and  silver,  and  although  the  leader  or  prehnite  vein 
is  but  a  few  inches  wide,  it  will  doubtless  lead  to  a  solid  copper 
vein,  like  those  heretofore  described.  Masses  of  pure  copper,  of 
large  size,  weighing  some  thousands  of  pounds,  were  obtained 
from  an  ancient  ravine  or  excavation  that  had  been  worn  out  by 
the  river  running  over  the  vein,  and  large  pieces  of  silver  were 
also  found.  These  show  the  contents  of  the  lode  in  the  true 
vein.  Most  of  the  work  heretofore  executed  at  this  mine  has 
been  done  in  the  western  wall  of  the  vein  and  not  in  the  vein 
itself.  To  the  company  owning  the  Lake  Superior  mine  is  due 
the  credit  of  the  earliest  mining  enterprise  on  the  Lake,  and  those 
who  have  followed  after  them  should  remember  that  they  opened 
the  way  and  introduced  the  business  of  mining  into  the  then  UDr 
broken  wildorness  of  Lake  Saperior. 
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It  is  still  a  question  among  geologists  and  miners  whether  veins 
were  filled  by  igneous  injection  or  sublimation,  or  by  aqueous 
and  galvanic  deposition.  This  question  is  one  of  very  great  sci- 
entific and  practical  interest,  and  is  exceedingly  difficult  to  an- 
swer so  far  as  relates  to  the  native  copper  and  native  silver  of 
Lake  Superior. 

The  objections  to  the  igneous  origin  of  native  copper  are,  1st, 
that  the  metal  bears  the  imprint  of  crystals  of  prehnite,  as  seen 
in  the  specimen  I  lay  before  the  section,  and  we  cannot  account 
for  the  fact  that  this  zeolite  was  not  rendered  anhydrous  by  the 
molten  copper.  2dly,  that  if  the  copper  was  melted,  since  its 
fusing  point  is  much  higher  than  that  of  silver,  that  the  silver  is 
not  alloyed  with  the  copper,  but  is  separate  from  even  a  trace  of 
it  in  chemical  combination,  though  small  particles  and  large  lumps 
of  silver  are  mixed  and  united  with  the  metallic  copper. 

These  objections  are  equally  strong  against  the  theory  of  sub- 
limation of  the  copper,  and  since  silver  is  not  volatile  at  the 
highest  temperature  of  our  furnaces,  we  could  not  account  for  the 
presence  of  that  metal  by  a  simultaneous  sublimation  of  the 
metals. 

Against  the  theory  of  its  aqueous  deposition,  or  its  origin  from 
any  solution  of  copper,  it  may  be  urged  that  if  the  metal  was  in 
chemical  solution,  no  material  capable  of  causing  its  decomposi* 
tioo  with  the  deposition  of  the  copper  in  a  metallic  state  exists  in 
the  vein,  and  no  salt,  if  any  supposed  acid  solvent,  which  would 
lesult  from  the  decomposition  of  its  combination,  exists  in  the 
vein«  Again,  it  would  be  impossible  for  the  chasm  to  contain  a 
sufficiency  of  any  copper  solution,  however  concentrated,  to  pro- 
duce the  solid  metallic  copper  filling  the  fissure,  for,  as  before 
observed,  the  masses  of  copper  are  from  a  foot  to  three  feet  in 
thickness,  and  occupy  the  whole  space  of  the  sundered  rock. 

(Galvanic  segregation  it  has  been  supposed  would  explain  the 
origin  of  these  copper  veins.  But  we  may  ask,  from  what  was 
the  copper  segregated  ?  It  is  impossible  for  galvanism  to  create 
the  meted  from  the  ingredients  of  trap  rocks,  or  sandstone ;  and 
we  can  hardly  imagine  any  arrangement  of  the  rocks  that  would 
produce  a  galvanic  battery  with  its  poles  so  arranged  as  to  efiect 
the  deposition  of  a  vein  of  solid  copper  two  or  three  feet  in 
thickness. 

It  is  well  known  that  the  trap  rocks  are  magnetic,  and  that 
they  possess  polarity  at  the  surfaces  of  disjunction.  This  has 
been  fully  substantiated  by  the  researches  of  Dr.  Loeke  and  oth- 
ers on  the  Lake  Superior  mineral  lands,  but  this  magnetism  is 
obviously  the  efiect  of  the  earth's  inductive  magnetism  exerted 
on  the  very  large  proportion  of  magnetic  iron  ore  entering  into 
the  composition  of  the  trap  rocks,  a  quantity  so  large  that  1  have 
seen  pig  iron  made  directly  from  those  rocks  by  fusion  in  a  blast 
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fiiraace,  about  twelve  per  cent,  of  iron  being  reduced  from  it ; 
and  we  know,  from  the  experiments  of  Dr.  Locke,  that  even 
fragments  of  the  trap  rock  are  both  magnetic  and  polar.  It  re* 
mains  to  be  proved  that  there  are  any  electric  currents  in  the  native 
copper  veins,  for  such  currents  are  by  no  means  proved  by  devia- 
tions of  the  magnetic  needle,  which  are  doubtless  produced  by 
the  magnetic  polarity  of  the  trap  rock  itself. 

The  occurrence  of  bright  scales  and  perfect  crystals  of  native 
copper  in  perfect  crystals  of  prehnite,  datholite,  calc  spar,  and 
quartz,  would  seem  to  indicate  a  simultaneous  deposition  of  the 
copper  and  those  crystallized  minerals  including  it,  or  that  they 
were  impregnated  with  native  copper  by  sublimation  immediately 
before  the  injection  of  the  principal  copper  vein  took  place.  If 
we  could  admit  the  igneous  formation  of  zeolites,  and  of  calc 
spar,  there  would  be  less  diflSculty  in  accounting  for  the  veins  by 
sublimation  or  injection,  or  by  both  methods,  but  this  chemists 
will  not  readily  admit,  for  the  zeolitic  minerals  are  generally 
hydrous. 

It  is  also  a  question  whether  the  native  copper  in  the  amygda- 
loid was  derived  from  the  interfused  sandstone,  or  was  mechanic- 
ically  brought  up  with  the  trap  rock.  It  has  been  imagined,  that 
since  the  sandstone  is  made  up  of  the  detritus  of  more  ancient 
rocks  which  might  have  contained  copper  ores,  that  the  copper 
ore  being  deposited  with  the  sand  was  reduced  by  the  action  of 
the  trap.  This  idea  would  be  plausible,  if  it  could  be  shown 
that  the  sandstone  in  the  vicinity  of  the  trap  contained  copper  in 
a  sufficiency  to  account  for  that  in  the  amygdaloid ;  but  such  is 
not  the  case.  It  has  been  said  that  local  deposits  of  the  ore- might 
have  taken  place  in  portions  of  the  sandstone  strata,  and  that  the 
trap  rocks  came  up  and  reduced  it.  This  would  be  imputing  a 
most  remarkable  degree  of  intelligence  to  the  trap  rocks,  that 
they  should  know  exactly  where  the  copper  ore  was  deposited, 
and  come  up  at  those  places  expressly  to  smelt  it !  I  must  con- 
fess that  I  cannot  attribute  the  origin  of  the  copper  to  any  other 
causes  than  those  which  produced  the  trap  rocks  themselves,  and 
that  the  copper  came  from  the  molten  interior  of  the  earth  seems, 
at  least  from  what  we  know  of  igneous  agencies,  to  be  most  prob- 
able. There  are  veins  in  the  conglomerate  rocks  which  are  filled 
with  calcareous  spar,  containing  crystals  of  copper,  some  of  which 
will  weigh  half  a  pound,  and  are  generally  in  the  rhombic  dode- 
cahedral  form.  One  of  the  calc  spar  veins  at  Agate  Harbor  has 
yielded  masses  of  copper  weighing  several  hundred  pounds. 

At  Copper  Harbor,  a  large  vein  of  solid  black  oxyd  of  copper 
was  found  in  the  conglomerate  rock.  This  ore  is  not  known  to 
exist  in  any  considerable  quantity  elsewhere.  The  ore  in  the 
vein  was  fourteen  inches  wide,  and  for  a  short  time  the  mine  fur- 
nished a  good  supply  of  copper  ore,  yielding  about  sixty  or  sev- 


Digiti 


zed  by  Google 


Geological  Strudure  of  Keweenato  Point  T3 

enty  percent,  of  metallic  copper.  It  was  soon  exbansted,  a  bed 
of  fine  grained  sandstone  cutting  off  the  copper  vein,  the  calc 
spar  only  continuing  in  the  sandstone  below.  Among  the  masses 
of  black  oxyd  of  copper  brought  from  the  mine  at  Copper  Har- 
bor, Mr,  J.  E.  Teschemacher  discovered  regular  cubic  crystals  of 
the  ore,  crystals  which  show  that  the  ore  is  not  a  mere  mechan-^ 
ical  mixture  of  copper  smut  with  earthy  matters  for  a  cement,  as 
some  have  supposed.  A  pure  specimen  analyzed  in  my  labora- 
tory yielded  79*86  per  cent,  of  copper. 

There  are  also  found  at  the  Copper  Harbor  mine,  chrysocoUa, 
or  hydrous  green  silicate  of  copper,  and  the  black  silicate,  which 
contains  a  less  proportion  of  water.  These  ores,  we  can  easily 
conceive,  might  be  produced  by  the  decomposition  of  a  solution 
of  copper  by  the  action  of  a  hot  solution  of  lime.  The  black 
oxyd  may  have  been  derived  either  from  a  solution,  or  from  igne- 
ous sublimation.  We  know  that  black  oxyd  of  copper  is  sub- 
limed from  the  crater  of  Vesuvius,  and  is  deposited  in  fine  splend- 
ent scales  like  specular  iron  ore  in  the  lavas. 

Chlorid  of  copper  is  very  volatile,  and  is  sublimed  in  the  crater 
of  Yesuviua  It  is  also  known  to  be  volatilized  in  the  blast  fur- 
nace. The  experiments  of  Mr.  Frederick  W.  Davis,  at  the  Point 
Shirley  copper  works,  have  fully  demonstrated  the  fact  that  a 
considerable  proportion  of  copper  is  lost  by  sublimation  from  cop- 
per ore,  containing  the  chlorid  of  that  metal. 

These  facts  may  at  some  future  day  serve  to  explain  some  of 
the  phenomena  relating  to  the  formation  of  metallic  veins.  At 
present  there  is  no  part  of  geological  science  so  little  understood 
as  the  theory  of  veins,  and  on  this  account  I  am  desirous  of  call- 
ing the  attention  of  the  Section  to  this  subject. 

With  respect  to  the  age  of  the  red  sandstone  of  Lake  Superior, 
I  would  remark  that  there  have  been  and  still  are  differences  of 
opinion.  No  distinct  fossils  having  been  found  in  it,  the  usual 
index  for  fixing  the  geological  age  of  stratified  rocks  is  wanting. 

From  the  mineralogical  character  and  the  geological  associa- 
tions of  the  rocks,  their  parallelism  to  those  of  Nova  Scotia,  and 
their  mineral  contents,  I  was  led  in  1844,  to  suggest  the  identity 
of  the  two  formations,  as  contemporaneous,  and  regarded  the 
Lake  Superior  sandstone  as  the  new  red,  or  at  least  as  of  the  same 
age  with  that  of  Nova  Scotia,  New  Jersey  and  Connecticut.  This 
idea  I  still  favor. 

During  the  last  year  the  linear  surveyors,  who  were  engaged 
in  subdividing  townships  on  the  southern  portion  of  Keweenaw 
Point,  discovered  a  large  protruding  mass  of  Silurian  limestone, 
around  which  the  sandstone  strata  are  horizontal.  My  assist- 
ant was  sent  to  examine  this  limestone,  and  states  that  its 
strata  lines  dip  about  30^.  A  fragment  of  a  fossil,  probably  a 
Pentamerus,  was  also  found  in  the  limestone.    These  facts  would 
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seem  to  proye  that  the  sandstone  is  above  the  Silorian  limeetonei 
and  consequently  that  it  is  either  the  old  or  the  new  red.  The 
absence  of  fossil  shells  in  the  sandstone  would  lead  us  to  con- 
clude that  it  does  not  belong  to  the  old  red,  and  consequently  we 
are  led  back  to  my  original  opinion,  as  published  in  the  American 
Journal  of  Science,  in  1845,  that  the  Lake  Superior  sandstone  is 
of  a  later  date,  and  is  probably  the  new  red. 

.This  opinion  was  also  expressed  by  Monsieur  De  Yemeuil,  dur- 
ing his  visit  to  the  Lake  in  1846,  but  I  do  not  know  from  what 
data  his  opinion  was  formed.  It  has  been  asserted  that  the  Lake 
Superior  sandstones  pass  beneath  the  Silurian  rocks,  but  I  do  not 
think  the  fact  has  ever  been  observed. 

Isle  Royale. — This  island  is  situated  on  the  north  side  of  Lake 
Superior,  in  latitude  48^  North,  longitude  89^  West  It  is  about 
forty  miles  in  length,  and  five  or  six  miles  wide.  It  pre-sents  a 
broken  and  rugged  outline  on  its  coast  and  is  deeply  indented  by 
long  and  narrow  inlets  and  bays,  all  of  which  are  parallel  to  the 
ranges  of  the  trap  rocks  which  constitute  the  ridges  traversing 
the  island  throughout  its  length.  Several  small  lakes  are  also 
seen  lying  between  the  trappean  hills  and  coinciding  with  their 
line  of  bearing. 

The  general  direction  of  this  island  is  parallel  to  that  of  Ke- 
weenaw Point,  and  the  trap  rocks  are  of  the  same  geological  age 
and  have  uplifted  the  sandstones  of  the  same  epoch. 

On  the  southwestern  end  of  the  island  the  fine  red  sandstone 
i^trata  are  seen  near  Card's  Point,  and  they  extend  along  the  coast 
of  Siskawit  Bay  to  Epidote  Cove,  forming  gently  sloping  sheets 
extending  out  into  the  lake  to  a  considerable  distance.  Conglom- 
erate rocks  border  the  coast  nearly  to  Rock  Harbor  and  lie  next 
to  the  trap.  The  inland  boundary  of  the  sandstone  was  aacer- 
tained  by  my  sub-agents  to  be  parallel  to  the  coast  line  where  it 
is  exposed.  About  one-fourth  the  area  of  the  island  is  sandstone 
and  conglomerate  rock.  All  the  rest  of  it  consists  of  trap,  which 
forms  ridges  attaining  an  elevation  of  from  three  hundred  to  five 
hundred  feet  above  the  lake,  and  extending  in  a  broken  line 
throughout  the  whole  extent  of  the  island.  In  some  places  iso- 
lated masses  of  trap  rocks  form  tall  towers  standing  like  high 
chimneys  on  the  hill  sides ;  in  others,  picturesque  islands  covered 
with  dark  spruce  trees  are  seen  jutting  out  on  the  coast,  or  stand- 
ing like  watch  towers  at  the  entrance  of  the  harbors. 

Isle  Royale  was  better  known  to  the  Indians  as  a  good  place 
for  catching  Siskawit  than  as  a  mining  region  ;  and  it  is  probable 
that  the  name  Menung,  signifying  a  good  place,  refbrs  to  the 
fisheries,  but  it  is  certain  from  the  ^'  Relacions"  of  the  Jesuit  fath- 
ers, that  they  were  aware  of  the  existence  of  an  abundance  of 
copper  boulders  upon  its  shores. 
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Numerous  explorera  had  visited  Isle  Royale  anterior  to  my  sur- 
vey, but  mining  operations  had  not  been  entered  upon  toanyex*- 
tent  on  account  of  the  difficulties  arising  from  some  official  mis- 
understanding as  to  permits  for  leases.  Dr.  Locke  had  selected 
some  veins  and  beds  of  copper  for  the  Ohio  and  Isle  Royale  Com- 
pany, and  explorations  were  going  on  to  determine  the  probable 
value  of  several  veins. 

There  are  two  kinds  of  veins  on  this  island,  as  before  men- 
tioned. The  widest  are  those  near  Rock  Harbor.  They  are 
thick  beds  of  solid  epidote  rock  filled  with  small  spicules  of  cop- 
per, there  being  from  eight  to  ten  per  cent,  of  the  metal  in  the 
gangue.  These  beds  dip  but  slightly  from  the  horizon,  rarely 
more  than  15  or  20^,  and  crop  out  on  the  south  side  of  the  island 
a  few  feet  above  the  surface  of  the  Lake.  Beneath  the  copper- 
bearing  bed  of  epidote,  which  is  a  foot  in  thickness,  is  a  large  bed 
of  barren  epidote  rock,  six  feet  thick,  and  very  hard.  Trap  rocks 
overlie  the  whole,  forming  bold  precipitous  shores.  No  mining 
operations  have  yet  proved  the  extent  of  these  cupriferous  epi- 
dote rocks,  but  they  are  exposed  to  a  sufficient  extent  to  render  it 
probable  that  they  will  prove  of  value. 

Another  set  of  true  veins  occur,  cutting  the  trap  rocks  nearly 
at  right  angles,  and  traversing  the  country.  These  veins  are  gen- 
erally narrow,  and  are  filled  with  datholite,  prehnite,  and  native 
copper.  The  datholite  is  very  abundant,  and  may  prove  of  eco- 
nomical importance  either  as  a  flux  for  copper  ores,  or  as  a  material 
suitable  for  the  manufacture  of  borax.  One  of  the  locations 
of  the  Ohio  and  Isle  Royale  Company  was  named,  by  Mr.  J.  H. 
Blake,  Datholite,  on  account  of  tlie  abundance  of  that  mineral  in 
the  veins  of  copper. 

At  Todd's  Harbor,  mines  have  been  opened,  and  a  considera- 
ble quantity  of  native  copper  has  been  obtained  by  Mr.  McCul- 
loeh.  Other  veins  have  been  opened  at  Scovill's  Point,  but  as 
yet  none  of  the  veins  on  the  island  have  been  sufficiently  proved 
to  authorize  the  erection  of  permanent  works  for  mining  and 
smelting.  One  vein  of  each  kind,  opened  to  a  considerable  depth, 
would  give  much  valuable  information  concerning  the  perma- 
nency of  the  veins,  and  determine  whether  they  widen  and  en- 
rich or  not. 

It  is  extremely  difficult  for  any  one  to  decide  absolutely  on  the 
value  of  a  metalliferous  vein,  and  it  is  only  possible  to  form  an 
approximate  estimate  where  all  the  conditions  of  the  problem  are 
capable  of  being  determined,  and  it  is  rarely  the  case  that  we 
have  any  thing  more  than  a  superficial  view  of  the  contents  of  a 
vein,  it  has  been  proved  by  a  writer  in  the  French  Annales  des 
Mines,  that  in  Germany  and  France  only  one-twentieth  of  the 
mines  surveyed  and  recommended  by  the  Royal  Kngineers  of 
mines  have  paid  a  profit  to  the  stockholders,  hence  we  should  re- 
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mind  persons  about  to  engage  in  mining  adventures  that  their 
chances  of  success  are  only  about  five  per  cent. 

When  a  mine  is  well  proved  it  generally  holds  good  veins, 
rarely  running  out  in  depth  unless  the  rock  changes,  auod  then  the 
vein  also  generally  alters. 

How  far  the  native  copper  of  the  Lake  Superior  mines  con- 
tinues in  depth  is  yet  unknown,  but  the  veins  if  they  traverse  sand- 
stone strata  will  certainly  change  in  that  rock,  and  experience  has 
thus  far  shown  that  the  copper  diminishes  in  that  portion  of  the 
vein  which  traverses  the  sandstone.  This  has  been  fully  proved 
at  the  Copper  Falls  mines,  where  a  bed  of  sandstone,  seventy-two 
feet  in  thickness,  has  changed  the  character  of  the  lode  where 
the  vein  passed  through  it,  calc  spar  filling  the  chasm  and  the 
copper  nearly  disappearing  in  the  veinstone. 

It  was  hoped  that  the  vein  would  enrich  after  it  had  passed 
through  the  sandstone  into  the  nether  bed  of  trap  rock,  but  it  was 
found  to  be  diffused  into  string  veins  of  little  practical  impor- 
tance. Owing  to  the  limited  extent  of  the  amygdaloidal  trap, 
the  true  or  transverse  veins  are  not  of  great  length,  two  thousand 
feet  being  perhaps  an  approximation  to  their  linear  eii^tent,  though 
it  is  possible  that  some  may  be  longer.  The  idea  of  tracing  a 
vein  by  its  course  over  an  extensive  tract  of  country  has  proved 
fallacious  on  Lake  Superior,  and  only  the  geological  character  of 
the  country  can  be  relied  upon  as  a  tolerably  correct  guide.  The 
river  beds,  depressions  in  the  soil,  corresponding  to  the  usual  di- 
rection of  the  veins,  afford  the  best  facilities  for  finding  veins, 
and  by  means  of  the  solar  compass  and  magnetic  needle,  lines  of 
eontact  of  the  sandstone  and  trap  may  be  readily  found,  and  the 
amygdaloid  is  formed  at  those  junctions.  It  was  observed  in  my 
first  visit  to  the  Lake,  that  the  productive  copper  veins  occur 
where  there  are  the  greatest  number  of  alternations  of  sandstone 
and  trap  rocks,  as  shown  by  the  diagram  exhibited  to  the  Section. 
No  less  than  six  alternations  of  these  rocks  were  observed  near 
Copper  Falls  and  Lake  Superior  mine  in  my  surveys  during  the 
summers  of  1844  and  1845.  Subsequent  researches  have  con- 
firmed this  observation. 

From  these  data  we  should  expect  copper  veins  at  the  line  of 
contact  of  the  sandstone  and  trap  on  Isle  Royale,  but  thus  far  in 
only  a  few  places  have  the  rocks  been  uncovered  in  the  vicinity 
of  the  junction — some  loose  masses  of  native  copper  found  on 
the  shore  of  Siskawit  Lake  and  the  veins  at  Datholite  Cove  being 
the  only  facts  obtained  in  confirmation  of  this  opinion. 

In  the  hard  columnar  and  compact  trap  there  is  little  hope  of 
finding  valuable  veins,  for  only  narrow  and  tightly  pinched  seams 
of  copper  have  thus  far  been  found  in  these  rocks. 

On  the  Ontonagon  river  there  are  several  veins  of  copper  that 
run  with  the  "  country."    They  are  now  in  course  of  trial,  and 
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it  will  soon  be  ascertained  whether  they  can  be  profitably  worked 
or  not.  The  opinion  of  a  practical  miner,  on  whom  I  place  reli- 
ance, is  favorable  to  some  of  these  mines.  It  was  my  intention 
to  have  examined  them  myself,  this  summer,  before  drawing  up 
my  report,  but  it  has  been  ordered  otherwise. 

Rich  ores  of  iron  have  been  fotmd  in  inexhaustible  quantities 
in  the  district  of  country  extending  from  the  Menomonee  River 
to  Dead  River.  I  have  not  had  an  opportunity  of  examining  the 
localities  myself,  but  I  had  obtained  rich  specimens  of  the  ore 
from  the  Menomonee  river,  in  1844,  through  the  agency  of  M. 
Barbean,  who  obtained  them  from  the  Indians,  and  in  1845,  the  In- 
dian chief  who  furnished  those  specimens,  guided  Mr.  Pray  to  the 
Iron  Mountain  near  the  Menomonee  River.  During  the  past  sum- 
mer this  locality  has  been  also  examined  by  one  of  my  assistants. 


Art.  X. — Analysis  of  Algerite;  by  Richard  Crosslet. 

Read  before  the  Boat.  Soc  Natural  History,  by  C.  T.  Jackson,  April  17, 1860. 

This  mineral  having  been  already  described  in  this  Journal  for 
July,  1849,  vol.  viii.  No.  22,  renders  it  unnecessary  to  say  much 
more  on  this  head.  I  have  in  addition,  however,  to  remark  that 
many  of  the  crystals  are  encrusted  with  idocrase,  and  in  some 
instances  are  penetrated,  so  much  so  that  it  required  great  caution 
to  secure  such  portions  as  were  free  from  that  mineral.  The 
crystals  being  cleared  of  decomposed  parts  were  broken  to  coarse 
fragments,  and  the  honey-yellow  pieces  reserved  for  examination. 
Before  the  blowpipe,  alone,  it  readily  fuses  with  intumescence 
to  a  white  blebby  glass :  with  soda  it  gives  a  dirty-white  slag  : 
with  borax  and  phosphorus  salt  it  gives  a  clear  bead  faintly  tinged 
by  iron  and  leaves  a  siliceous  skeleton.  Heated  in  a  closed  tube 
it  gives  off  water  which  reacts  feebly  alkaline,  and  the  powder,  at 
first  of  a  light  buff  color,  darkens  and  assumes  a  brownish  tinge. 
About  1  gramme  of  the  coarse  fragments  gave  a  spec.  grav.  of 
2*78.     It  is  a  little  harder  than  calc  spar,  from  3  to  3*5. 

Nearly  2  grammes  of  the  mineral  were  very  finely  powdered, 
intimately  mixed  and  divided  into  two  portions.  One  was  ap- 
propriated to  the  determination  of  the  water  and  the  other  for  the 
estimation  of  the  carbonic  acid.  This  latter  portion  was  then 
attacked  by  a  mixture  of  sulphuric  and  hydrochloric  acids.  The 
usual  mode  of  analysis  was  afterwards  pursued,  and  there  re- 
sulted ; — 

Silica,  ....  51-27 

Alumina,       ....  2310 

Peroxyd  of  iron,        .  .  .  1  '48 

Magnesia,      ....  6*18 

Carbonate  of  lime,     .  .  .  4-21 

Potash,  ....  9-97 
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To  ascertain  the  purity  of  the  silica  it  was  fased  with  carbon- 
ate of  soda  and  was  found  to  contain  1*31  per  cent  of  alumina.  A 
second  attcLck  by  acids  would  doubtless  effectually  decompose 
this  mineral.  Correcting  the  silica  and  alumina  and  adding  the 
water  determined  on  the  first  portion,  the  composition  of  the  se- 
lection made  will  be  thus : — 


Alumina, 

2441 

Peroxyd  of  iron, 

1-48 

Magnesia, 

618 

Carbonate  of  lime, 

421 

Potash, 

9-97 

Water, 

606 

100-27 
The  amount  of  carbonic  acid  directly  estimated  agreeing  so 
nearly  with  that  in  the  carbonate  of  lime  obtained,  evidently 
shews  that  the  lime  is  not  a  constituent  of  the  mineral.  Deduct- 
ing, therefore,  the  carbonate  of  lime  and  reducing  the  remaining 
members  to  per-centage  proportions,  they  will  stand  thus : — 

Ratio. 

7 


Silica, 

Oxyf^en. 

62  00 

2701 

Alumina,    . 

25  42 

11-88) 
•47^ 

Peroxyd  of  iron. 

1-64 

Magnesia,   . 

639 

2  08> 
i-76  5 

Potash, 

1038 

Water, 

6-27 

4-68 

1 

1  or  U 

100  00 
The  above  composition  is  very  well  represented  by  the  formula, 

Boston,  April  18, 1860. 


Art.  XI. — On  the  Telluric  Bismuth  of  Virginia;  by  Dr. 
C.  T.  Jackson. 

I  DISCOVERED  this  Ore  in  May,  1848,  among  some  specimens  of 
native  gold  given  me  by  Mr.  Knowles  Taylor.  At  that  time  I 
had  not  a  sufficient  quatitity  of  the  mineral  to  enable  me  to  make 
a  complete  analysis  of  it,  but  having  made  a  blowpipe  assay  and 
satisfied  myself  that  it  was  an  ore  of  Tellurium,  I  communicated 
my  results  to  the  American  Journal  of  Science  and  Arts,  and  ray 
note  was  published  in  vol.  vi.  No.  17,  1848,  p.  188. 

My  only  object  then  was  to  announce  the  discovery  of  Tellu- 
rium, and  I  intended  at  the  earliest  moment  in  my  power  to  pro- 
cure a  larger  supply  of  the  ore  and  to  complete  my  analysis. 
Subsequently,  Mr.  Fisher*  of  Philadelphia  made  an  analysis  of 

*  This  Journal,  [2]  rii,  282. 
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a  specimen  which  h^  obtained  from  the  mint,  and  discovered 
that  the  metal  which  I  had  supposed  to  be  lead  in  my  cupel- 
lation  process  was  bismuth.  This  fact  I  am  enabled  to  con- 
firm by  my  own  analysis.  Mr.  Fisher  states  that  selenium 
takes  the  place  of  sulphur.  This  is  not  the  case  in  my  speci- 
mens, all  of  which  yield  sulphur  when  treated  by  nitric  acid  or 
by  the  blowpipe,  and  selenium  exists  only  in  minute  traces. 

Last  spring  I  made  a  hasty  visit  to  the  gold  mines  of  Spottsyl- 
vania  County,  Va.,  and  obtained  at  Whitehall  a  few  pieces  of 
the* tellurium  ore.  These  specimens  were  in  mica  slate  in  nod- 
ules, and  were  incrusted  with  yellow  oxyd  of  bismuth.  The 
gold  found  in  these  specimens  is  not  chemically  united  with  the 
tellurium  ore,  but  exists  in  small  scales  between  the  folia  in  its 
metallic  state  and  varies  in  proportions  from  2  to  5  per  cent.  The 
tellurium  ore  is  found  incrusting  masses  of  native  gold,  and  the 
edges  of  the  laminae  of  tellurium  ore  impress  the  metallic  gold  with 
well  marked  striae  and  indentations  indicating  that  the  tellurium  ore 
was  deposited  first  in  the  cavities  or  veins,  and  the  gold  was  then 
deposited  upon  it.  This  is  the  order  of  deposition  in  many  spe- 
cimens I  have  seen. 

The  tellurium  ore  is  found  both  in  the  quartz  beds  or  veitis 
and  in  the  mica  slate,  and  is  always  mixed  with  native  gold. 

Form,  thin  scales  frequently  intersecting  each  other;  no  re^Ur 
lar  crystals  observed.  Occurs  in  lamellar  masses  readily  cleata- 
ble,  the  laminae  splitting  like  sulphnret  of  molybdena,  which  it 
much  resembles  in  appearance.  It  is  flexible  and  not  elastic. 
Sectile  and  not  brittle.  Color  and  lustre  like  flexible  foliated 
graphite.  Its  hardness  =1.  Lustre  splendent  metallic.  Color 
of  streak  like  that  of  lead. 
Analysis  on  one  gramme  of  the  picked  scales : — 

Bismuth, 6880 

Tellurium, 36-06 

Gold,  ox.  iron  and  earthy  matter,  .        .  2*70 

Sulphur, 3-66 

100-20 
This  gives  the  formula  of  Tetradymite,  2Bi  Te» +Bi  S  •  =  Bis- 
muth 69*6,  sulphur  4*5,  tellurium  36*9. 

The  tellurium  after  it  was  reduced  by  sulphurous  acid,  was 
attacked  by  means  of  carbonate  and  nitrate  of  potash  by  fusion, 
and  the  contents  of  the  crucible  being  dissolved  and  acidulated 
by  means  of  nitric  acid  and  treated  with  nitrate  of  baryta,  did  not 
give  a  weighable  quantity  of  seleniate  of  baryta.  The  selenium 
therefore  exists  only  in  minute  proportions  and  is  a  mere  ireu^e. 

In  addition  to  the  above,  I  would  observe  that  the  yellow 
oxyd  of  bismuth  occurring  investing  the  nodules  of  tellurium 
ore,  is  not  carbonate  of  bismuth,  for  ii  does  not  effervesce  with 
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acids.  Dr.  Chilton  had  observed  ooarbonate  of  bismuth  with  the 
gold  rock  of  South  Caroliua,  some  time  before  1  found  this,  and 
sent  me  a  specimen  of  it.  This  ore,  (bismutite,)  from  the  gold 
district  of  Chesterfield,  S.  C,  has  been  analyzed  hj  Rammels- 
berg,  (Pogg.  Ann.,  Ixxvi,  669, 1849,)  who  obtained  Bi»<H)o»  fle^e, 
fi8-44,  whence  he  has  deduced  the  formula  8(Bi  C+ft)+Bi  fl,  equiv- 
alent to  4Bi,  sC,  4tL 


Art.  XII. — On  a  supposed  New  Mineral  Species;  by  Henrt 
Wurtz,  of  New  York. 

This  mineral  was  found  near  Cambridge,  Mass.,  at  '<  Milk  Row 
duarry,"  the  well-known  locality  of  prehnite.  It  occurs  as  an 
incrustation  upon  the  surface  of  the  syenitic  rock,  coating  the 
sides  of  fissures,  and  presenting  the  appearance  of  brilliant  plates 
overlying  one  another  like  the  scales  of  a  fish. 

Its  color  is  black ;  lustre,  resinous ;  streak,  dark  olive  green ; 
structure,  distinctly  fibrous,  somewhat  like  that  of  tremolite ;  feel, 
soapy.  Hardness,  about  2 ;  slightly  translucent  in  thin  lamius. 
The  fibres  are  brittle.  No  cleavage  was  found.  Under  the  lens 
it  exhibits  white  crystalline  specks,  which  the  ancdysis  proved 
to  be  calcareous  spar. 

It  is  easily  decomposed  with  effervescence  by  hydrochloric  acid, 
which  is  thereby  colored  deep  green,  silica  being  left  behind  as  a 
white  powder.  Its  fusibility  is  about  that  of  natrolite,  or  2  on 
Kobell's  scale.  It  fuses  to  a  dull  black  opaque  globule  which  is 
slightly  magnetic. 

Two  determinations  of  the  specific  gravity,  made  upon  two 
different  specimens,  gave  the  same  number,  2*69,  which  being 
about  the  specific  gravity  of  calcareous  spar,  no  correction  due  to 
the  12  to  23  per  cent,  of  this  mineral  which  the  analyses  indicate, 
need  be  made. 

Glualitative  analysis  indicated  the  presence  of  carbonic  acid, 
water,  lime,  soda,  silica,  oxyd  of  iron  and  alumina. 

For  the  quantitative  analysis,  a  portion  of  the  mineral  was  finely 
elutriated,  and  then  dried  at  212^  in  a  steam-bath  until  it  lost  no 
more  weight.  Attempts  to  separate  the  calc  spar  by  means  of 
very  dilute  acetic  acid  were  unsuccessful.  The  acid  became  im- 
mediately colored  red  by  dissolving  some  of  the  iron. 

When  the  dark-green  powder  of  this  mineral  is  heated  to  red- 
ness in  the  air,  it  assumes  upon  cooling  a  red  color,  indicating 
peroxydation  of  the  iron.  The  water  determinations  were  there- 
fore made  in  small  bent  tubes,  which  were  sealed  up  immediately 
after  the  expulsion  of  the  water,  and  the  mass  thus  cooled  out  of 
contact  with  the  air.  The  residue,  after  the  expulsion  of  the  H0| 
had,  in  this  case,  a  black  color. 
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The  carbonic  acid  was  determined  by  the  well  known  method 
of  the  weighed  flask  and  Ca  CI  tube. 

The  other  constituents  were  determined  in  the  usual  manner, 
by  dissolving  the  mineral  in  HCI,  etc.  In  making  the  two  fol- 
lowing analyses,  the  most  extreme  precautions  were  used  to  en- 
sure accuracy.  Every  product  of  the  analysis  was  reanalyzed 
after  being  weighed.  Thu^,  the  silica,  after  being  weighfid,  was 
fused  with  carbonate  of  soda  and  tha  B  and  Ft^  which  had  been 
left  in  it  by  the  HCl  separated,  weighed,  and  added  to  the  BCl 
solution,  their  weight  being  deducted  from  that  of  the  silica.  In 
one  case,  this  weight  amounted  to  half  a  per  cent,  of  the  sub- 
stance used.  Difficulty  being  found  in  separating  the  3tl  and  Pe, 
by  means  of  KO,  in  one  experiment  the  Fe  and  Stl  w^ere  weighed 
together,  and  the  3tl  calculated  by  deducting  the  amount  of  Fe  af- 
terwards found  in  the  mass. 


t 
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The  iirst  thing  to  be  observed  here  is  that  the  quantity  of  0 
found  is  just  sufficient  to  form  Cud  with  the  ttx  found,  12'61  Cji  re- 
quiring 9'91  C,  so  that^  in  all  probabiiityj  the  lime  present  is  all  in 
the  form  of  cale  s|^»ar. 

So  far,  I  had  proceeded  upon  the  hypothesis  that  this  mineral 
contained  no  Fu,  judging  from  its  deep  color  and  the  color  of  its 
solution  in  HCl ;  knowing  also  that  the  best  analysts  have  gene- 
rally supposed  that  all  the  iron  contained  in  minemb  which  give 
deep  green  powders  is  iti  the  form  of  FeO.  This  error  of  which 
so  many  examples  may  be  found  in  mineralogical  works,  has 
its  origin  iu  the  great  difficulties  always  met  with  in  the  separa- 
tion of  the  two  ox  yds  of  iron  from  one  another,  and  also  in  the 
small  ditft^rence  between  the  equi  indents  of  the  two  ox  yds, — 9  per 
cent,  of  protoxyd  making  only  10  per  cent,  of  peroxyd. 

The  suggestion  of  a  scientific  friend  that  the  mineral  might 
still  contain  both  oxyds,  led  to  a  renewal  of  my  research. 

The  stock  of  elutriated  material,  originally  prepared,  being 
exhausted,  it  was  necessary  to  rej-jeat  the  analysis  from  the  be- 
ginning on  another  specimen,  which  was  accordingly  done,  in 
the  same  manner  as  previously,  with  the  exception  that  the  P*» 
was  determined  according  to  the  method  of  Fuchs,  that  is,  by 
weighing  a  piece  of  bright  copper  before  and  after  its  immersion  in 
the  HCl  solution  of  a  weighed  quantity  of  the  mineral,  contained 
UwoQn^  Smij»,  Vol  X,  No.  2e,'-Jtilj,  1 850.  1 1 
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in  a  stoppered  bottle,  which  was  kept,  during  the  operation,  in 
boiling  water.  The  ratio  of  the  loss  sustained  hy  the  copper  to 
the  9e  present,  is  that  of  their  equivalents. 

^  I.  IL  Ozygra. 

Si  80-86  80-93  16*05  1605 


il  8  92  .      .  1-88  ) 

Fe  20-25  2017  606  J                   ^"®* 

J*e  21-97  .      .  4-88  \ 

^a  1-62  .      . 

OaC  12-77  .      . 

fi  8-94  7-95                      7-95 


•«s     .« 


100-88 

The  ratio  for  the  oxygen  of  the  protoxyds,  peroxyds,  silica 
and  water,  530 : 789: 16  05:7-95  =  1 :  149:  303: 1-50  or  quite 
closely  1 :  1^ :  3 :  IJ.     This  gives  the  general  formula 

fi2  Si+S  Si+8 A 
or  the  special  formula, 

(1.)  (*eM+  +  *ra^)2Si  +  (XlH  +  FeH)Si  +  8fi. 

An  attempt  to  bring  the  first  two  analyses  under  this  formula 
gave  the  following  result.  If  we  suppose  that  a  portion  of  the 
iron,  whose  oxygen,  when  in  the  form  of  Pe,  is  equal  to  one-half 
of  the  oxygen  of  the  &i  present,  was  actually  present  in  the  form 
of  Fe,  the  following  numbens  present  themselves : — 

Mean.  Oxygen. 


Si 

27-51 

14-29 

£1 

10-28 

4-78 

Fe 

7-97 

2-89 

Je 

20-60 

4*58 

Sa 

1-28 

•82 

fl 

8-71 

7-74 

6a0 

22-90 

14-29 
717 

4-90 
7-74 


99-15 

The  ratio  4-90  :  717  :  14-29  :  7-74=1 : 1-46  :  292 : 1-68  or 
nearly  1 : 1 J  :  3 :  IJ,  as  before. 

Thus,  upon  this  hypothesis,  the  general  formula  ft^Si+SSi+sfi 
represents  these  analyses  also  very  well.  The  special  formula  for 
this  variety  would  be 

(2.)  (*e+^+SaTV)2Si  +  (afcl|+Fei)Si+8fi  (or  H^ 

The  composition  is  near  that  of  groppite,  for  which  Ranunels- 
berg  writes  the  formula  fta  Si+fi  5i+2:&.  But  groppite  is  a  rose- 
red  species,  containing  little  iron  and  lime  and  much  magnesia 
with  potash,  and  moreover  Svanberg's  formula  for  it  is  very  dif- 
ferent. There  is  sufficient  reason  therefore,  for  believing  the  spe- 
cies here  described  as  distinct,  and  I  therefore  propose  for  it  the 
name  Melanolite. 

As  the  recent  investigations  of  Mr.  J.  D.  Dana,  published  in  the 
American  Journal  of  Science  for  March,  1850,  have  given  increased 
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interest  to  the  subject  of  atomic  volume  among  minerals,  I  have 
here  calculated  the  atomic  volume  of  these  varieties. 

(1.)  (2.) 


Sit 

== 

116462 

5i3 

z=z 

1164-62 

Sli» 

» 

149*26 

M 

=: 

427-87 

FeH 

= 

167-45 

Pei 

=: 

888*88 

*elM* 

= 

828-68 

*elH 

= 

840-00 

*^m 

= 

61-86 

•^^n 

= 

51-68 

fl3 

= 

837-60 

fiSi 

= 

866-62 

8298-87  8178-07 

These  two  numbers,  which  are  the  atomic  weights  of  the  two 
varieties,  divided  by  the  specific  gravity  2-69,  give  for  (1),  the 
atomic  volume  1226*36,  and  for  (2),  1180-,  the  difference  be- 
tween which  is  about  ^V^l^*  If  ^®  g^  farther,  and  divide  these 
numbers  by  the  number  of  atoms  of  the  elements  in  each  variety, 
we  shall  obtain  the  C  atomic  volume,  as  this  term  is  used  by  Mr. 
Dana.  In  one  case  we  get  63-32,  and  in  the  other  60*21.  If  ref- 
erence is  now  made  to  the  tables  of  atomic  volumes  given  by 
Mr.  Dana  in  the  American  Journal  for  March,  1860,  p.  242,  it 
will  be  seen  that  these  numbers  are  nearly  identical  with  those 
given  by  him  for  three  varieties  of  talc,  a  mineral  which  the  one 
now  under  consideration  resembles  in  many  important  characters. 
On  the  contrary,  chlorite,  a  mineral  to  which  this  one  is  so  inti- 
mately connected  as  to  have  been  mistaken  for  it  by  an  eminent 
mineralogist,  gives  altogether  a  different  number.  I  have  calcu- 
lated the  C  atomic  volume  of  chlorite  from  one  of  KobelPs  anal- 
yses which  gives  the  formula 

Si2+3tl+Ag4|+^e*-|.fi4 

and  obtained  43*6.  The  hisingerite  from  Ridderhyttan  also  re- 
sembles this  mineral  very  closely.  Its  formula,  according  to  Hisin- 
ger  and  Kobell,  is  *eSi+l?eSi+6:ft;  and  specific  gravity  3'046. 
Its  ordinary  atomic  volume  is  1077-05,  and  its  C  atomic  volume 
39*9,  thus  approaching  that  of  chlorite,  instead  of  that  of  this 
mineral. 

Laboratory  of  the  ColL  of  Phys.,  Crosby  si.  New  York,  April  1,  1860. 


Art.  XIII. — The  Erratic  Phenomena  about  Lake  Superior; 
by  Prof  AoAssiz. 

[We  cannot  better  notice  the  very  valuable  and  interesting 
work  of  Prof.  Agassiz  and  his  associates  upon  the  Lake  Superior 
Region,*  than  by  citing  one  of  its  chapters.  The  following  ob- 
servations on  the  Erratic  Phenomena  of  the  region  constitute 
Chapter  X,  of  the  work,  pages  396-416.] 

*  The  title  of  the  yolome  and  its  oontente  are  mentioiied  in  our  laat  numbery  p.  466. 
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So  much  has  been  said  and  written  within  the  last  fifteen  years, 
upon  the  dispersion  of  erratic  boulders  and  drift,  both  in  Europe 
and  America,  that  I  should  not  venture  to  introduce  this  subject 
again,  if  I  were  not  conscious  of  having  essential  additions  to 
present  to  those  interested  in  the  investigation  of  these  subjects. 

It  will  be  remarked  by  all  who  have  followed  the  discussions 
respecting  the  transportation  of  loose  materials  over  great  distan- 
ces from  the  spot  where  they  occurred  primitively,  that  the  most 
minute  and  the  most  careful  investigations  have  been  made  by 
those  geologists  who  have  attempted  to  establish  a  new  theory  of 
their  transportation  by  the  agency  of  ice. 

The  part  of  those  who  claim  currents  as  the  cause  of  this 
transportation  has  been  more  generally  negative,  inasmuch  as, 
satisfied  with  their  views,  they  have  generally  been  contented 
simply  to  deny  the  new  theory  and  its  consequences,  rather  than 
investigate  anew  the  field  upon  which  they  had  founded  their 
opinions.  Without  being  taxed  with  partiality,  I  may,  at  the 
outset,  insist  upon  this  difference  in  the  part  taken  by  the  two 
contending  parties.  For  since  the  publication  of  Sefstroem's 
paper  upon  the  drift  of  Sweden,  in  which  very  valuable  inform- 
ation is  given  respecting  the  phenomena  observed  in  that  penin- 
sula, and  the  additional  data  furnished  by  de  Verneuil  and  Mur- 
chison  upon  the  same  country  and  the  plains  of  Russia,  the  clas- 
sical ground  for  erratic  phenomena  has  been  left  almost  untouched 
by  all  except  the  advocates  of  the  glacial  theory.  I  need  only 
refer  to  the  investigations  of  M.  de  Charpentier,  Escher,  Yon 
Derlinth  and  Studer,  and  more  particularly  to  those  extensive  and 
most  minute  researches  of  Prof.  Guyot  in  Switzerland,  without 
speaking  of  my  own  and  some  contributions  from  visitors,  as  the 
Martins,  James  Forbes  and  others,  to  justify  my  assertion  that  no 
important  fact  respecting  the  loose  materials  spread  all  over  Swit- 
zerland has  been  added  by  the  advocates  of  currents  since  the 
days  of  Saussure,  de  Liic,  E^her  and  Von  Buch ;  whilst  Prof 
Guyot  has  most  conclusively  shown  that  the  different  erratic  ba- 
sins in  Switzerland  are  not  only  distinct  from  each  other,  as  was 
already  known  before,  but  that  in  each  the  loose  materials  are 
arranged  in  well-determined  regulcur  order,  showing  precise  rela- 
tions to  the  centres  of  distribution,  from  which  these  materials 
originated;  an  arrangement  which  agrees  in  every  particular 
with  the  arrangement  of  loose  fragments  upon  the  surface  of  any 
glacier,  but  which  no  cause  acting  convulsively  could  have 
produced.* 


*  A  comparison  of  the  maps  showing  the  arrangement  of  the  moraines  upon  the 
glacier  of  the  Aar  in  my  Sufteme  Olaciaire^  with  the  map  which  Prof,  dujot  is 
ahout  to  publish  of  the  distribution  of  the  erratic  boulders  in  Switaeriand,  will  show 
more  fully  the  identity  of  the^two  phenomena. 
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The  results  of  these  investigations  are  plainly  that  the  bould- 
ers found  at  a  distance  from  the  central  Alps,  originated  from  their 
higher  summits  and  valleys,  and  were  carried  down  at  different 
successive  periods  iu  a  regular  manner,  forming  uninterrupted 
walls  and  ridges,  which  can  be  traced  from  their  starting  point  to 
their  extreme  peripheric  distribution. 

I  have  myself  shown  that  there  are  such  centres  of  distribution 
in  Scotland  and  England  and  Ireland.  And  these  facts  have 
been  since  traced  in  detail  in  various  parts  of  the  British  Islands 
by  Dr.  Buckland,  Sir  Ch.  Lyell,  Mr.  Darwin,  Mr.  McLachlan  and 
Professor  James  D.  Forbes,  pointing  clearly  to  the  main  mountain 
groups  as  to  so  many  distinct  centres  of  dispersion  of  these  loose 
materials. 

Similar  phenomena  have  been  shown  in  the  Pyrenees,  in  the 
Black  Forest,  and  in  the  Yosges,  showing  beyond  question,  that 
whatever  might  have  been  the  cause  of  the  dispersion  of  erratic 
boulders,  there  are  several  separate  centres  of  their  distribution  to 
be  distinguished  in  Europe.  But  there  is  another  question  con- 
nected with  this  local  distribution  of  boulders  which  requires  par- 
ticular investigation,  the  confusion  of  which  with  the  former  has 
no  doubt  greatly  contributed  to  retard  our  real  progress  in  under- 
standing the  general  question  of  the  distribution  of  erratics. 

It  is  well  known  that  Northern  Europe  is  strewed  with  bould- 
ers, extending  over  European  Russia,  Poland,  Northern  Germany, 
Holland  and  Belgium.  The  origin  of  these  boulders  is  far  north 
in  Norway,  Sweden,  Lapland  and  Liefland,  but  they  are  now  dif- 
fused over  the  extensive  plains  west  of  the  Ural  Mountains. 
Their  arrangement,  however,  is  such  that  they  cannot  be  referred 
to  one  single  point  of  origin,  but  only  in  a  general  way  to  the 
northern  tracts  of  land  which  rise  above  the  level  of  the  sea  in 
the  Arctic  regions.  Whether  these  boulders  were  transported  by 
the  same  agency  as  those  arising  from  distinct  centres,  on  the 
main  continent  of  Europe,  has  been  the  chief  point  of  discussion. 
For  my  own  part,  I  have  indeed  no  doubt  that  the  extreme  con- 
sequences to  which  we  are  naturally  carried  by  admitting  that  ice 
was  also  the  agent  in  transporting  the  northern  erratics  to  their 
present  positions,  has  been  the  chief  objection  to  the  view  that 
the  Alpine  boulders  have  been  distributed  by  glaciers. 

It  seemed  easier  to  account  for  the  distribution  of  the  northern 
erratics  by  currents,  and  this  view  appearing  satisfactory  to  those 
who  supported  it,  they  at  once  went  further,  and  opposed  the 
glacial  theory  even  in  those  districts  where  the  glaciers  seemed 
to  give  a  more  natural  and  more  satisfactory  explanation  of  the 
phenomena.  To  embrace  the  whole  question  it  should  be  as- 
certained, 

Firsi,  Whether  the  northern  erratics  were  transported  at  the 
same  time  as  the  local  Alpine  boulders,  an(l  if  not,  which  of  the 
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phenomena  preceded  the  other;  and  again,  if  the  same  cause 
acted  in  both  cases,  or  if  one  of  the  causes  can  be  apphed  to  one 
series  of  these  phenomena,  and  the  other  cause  to  the  other  series. 
An  investigation  of  the  erratic  phenomena  in  North  America 
seems  to  me  likely  to  settle  this  question,  as  the  northern  erratics 
occur  here  in  an  undisturbed  continuation  over  tracts  of  land  far 
more  extensive  than  those  in  which  they  have  been  observed  in 
Europe.  For  my  own  part,  I  have  already  traced  them  from  the 
eastern  shores  of  Nova  Scotia  through  New  England  and  the 
North  Western  States  of  North  America  and  the  Canadas  as  far 
as  the  western  extremity  of  Lake  Superior,  a  region  embracing 
about  thirty  degrees  of  longitude.  Here,  as  in  Northern  Europe, 
the  boulders  evidently  originated  farther  north  than  their  present 
location,  and  have  been  moved  universally  in  a  main  direction 
from  north  to  south. 

From  data  which  are,  however,  rather  incomplete,  it  can  be 
fiirther  admitted  that  similar  phenomena  occur  further  west  across 
the  whole  continent,  everywhere  presenting  the  same  relations. 
That  is  to  say,  everywhere  pointing  to  the  north  as  to  the  region 
of  the  boulders,  which  generally  disappear  about  latitude  38^. 

Without  entering  at  present  into  a  full  discussion  of  any  theo- 
retical views  of  the  subject,  it  is  plain  that  any  theory,  to  be  sat* 
isfactory,  should  embrace  both  the  extensive  northern  phenomena 
in  Europe  and  North  America,  and  settle  the  relation  of  these 
phenomena  to  the  well-authenticated  local  phenomena  of  Central 
Europe. 

Whether  America  itself  has  its  special  local  circumscribed  cen- 
tres of  distribution  or  not,  remains  to  be  seen.  It  seems,  how- 
ever, from  a  few  facts  observed  in  the  White  Mountains,  that  this 
chain,  as  well  as  the  mountains  of  northeastern  New  York,  has 
not  been  exclusively — and  for  the  whole  duration  of  the  trans- 
portation of  these  materials — under  the  influence  of  the  cause 
which  has  distributed  the  erratics  through  such  wide  space  over 
the  continent  of  North  America.  But  whether  this  be  the  case 
or  not,  (and  I  tnist  local  investigations  will  soon  settle  the  qnee- 
tion,)  I  maintain  that  the  cause  which  has  transported  these 
bouldera  in  the  American  continent  must  have  acted  simultane- 
ously over  the  whole  ground  which  these  boulders  cover,  as  they 
present  throughout  the  continent  ail  uninterrupted  sheet  of  loose 
materials,  of  the  same  general  nature,  connected  in  the  same  gen^ 
eral  manner,  and  evidently  dispersed  at  the  same  time. 

Moreover,  there  is  no  ground,  at  present,  to  doubt  the  simul- 
taneous dispersion  of  the  erratics  over  Northern  Europe  and 
Northern  America.  So  that  the  cause  which  transported  them, 
whatever  it  may  be,  must  have  acted  simultaneously  over  the 
whole  tract  of  land  west  of  the  Ural  Mountains,  and  east  of  the 
Rocky  Mountains,  without  assuming  any  thing  respecting  North* 
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ern  Asia,  which  has  not  yet  been  studied  in  this  respect ;  that  is 
to  say,  at  the  same  time,  over  a  space  embracing  two  hundred 
degrees  of  longitude. 

Again,  the  action  of  this  cause  must  have  been  such,  and  I 
insist  strongly  upon  this  as  a  fundamental  point,  the  momentum 
with  which  it  acted  must  have  been  such,  that  after  being  set  in 
motion  in  the  north,  with  a  power  sufficient  to  carry  the  large 
boulders  which  are  found  everywhere  over  this  vast  extent  of 
land,  it  vanished  or  was  stopped  after  reaching  the  thirty-fifth 
degree  of  northern  latitude. 

Now  it  is  my  deliberate  opinion  that  natural  philosophy  and 
mathematics  may  settle  the  question,  whether  a  body  of  water 
of  sufficient  extent  to  produce  such  phenomena  can  be  set  in  mo- 
tion with  sufficient  velocity  to  move  all  these  boulders,  and  nev* 
ertheless  stop  before  having  swept  over  the  whole  surface  of  the 
globe.  Hydrographers  are  familiar  with  the-action  of  currents, 
with  their  speed,  and  the  power  with  which  they  can  act.  They 
know  also  how  they  are  distributed  over  our  globe.  And,  if  we 
institute  a  comparison,  it  will  be  seen  that  there  is  nowhere  a 
current  running  from  the  poles  towards  the  lower  latitudes,  either 
in  the  northern  or  southern  hemisphere,  covering  a  space  equal  to 
one-tenth  of  the  currents  which  should  have  existed  to  carry  the 
erratics  into  their  present  position.  The  widest  current  is  west 
of  the  Pacific,  which  runs  parallel  to  the  equator,  across  the 
whole  extent  of  that  sea  from  east  to  west,  and  the  greatest  width 
of  which  is  scarcely  fifty  degrees.  This  current,  as  a  matter  of 
course,  establishes  a  regular  rotation  between  the  waters  flowing 
from  the  polar  regions  towards  lower  latitudes. 

The  Gulf  Stream  on  the  contrary  runs  from  west  to  east,  and 
dies  out  towards  Europe  and  Africa,  and  is  compensated  by  the 
currents  from  Baffin's  Bay  and  Spitzbergen  emptying  into  the 
Atlantic,  while  the  current  of  the  Pacific,  moving  towards  Asia 
and  carrying  floods  of  water  in  that  direction,  is  maintained 
chiefly  by  antarctic  currents,  and  those  which  follow  the  western 
shore  of  America  from  Behring's  Straits.  Wherever  they  are 
limited  by  continents,  we  see  that  the  waters  of  these  currents, 
even  when  they  extend  over  hundreds  of  degrees  of  latitude,  as 
the  Gulf  Stream  does  in  its  whole  course,  are  deflected  where 
they  cannot  follow  a  straight  course. 

Now  without  appealing  with  more  detail  to  the  mechanical 
conditions  involved  in  this  inquiry,  I  ask  every  unprejudiced  mind 
acquainted  with  the  distribution  of  the  northern  boulders,  whether 
there  was  any  geographical  limitation  to  the  supposed  northern 
current  to  cause  it  to  leave  the  northern  erratics  of  Europe  in 
such  regular  order,  with  a  constant  bearing  from  north  to  south, 
and  to  form,  on  its  southern  termination,  a  wide,  regular  zone 
from  Asia  to  the  western  shores  of  Europe,  north  of  the  fiftieth 
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degree  of  latitude,  before  it  had  reached  the  great  barrier  of  the 
Alps?  I  ask  whether  there  was  such  a  barrier  in  the  unlimited 
plains  which  stretch  from  the  Arctic  seas  uninterrupted  over  the 
whole  northern  continent  of  America  as  far  down  as  the  Gulf  of 
Mexico  ? 

I  ask,  again,  why  the  erratics  are  circumscribed  within  the 
northern  limits  of  the  temperate  zone,  if  their  transportation  is 
owing  to  the  action  of  water  currents  ?  Does  not,  on  the  con- 
trary, this  most  surprising  limit  within  the  arctic  and  northern 
temperate  zones,  and  in  the  same  manner  within  the  antarctic 
and  southern  temperate  zones,  distinctly  show  that  the  cause  of 
transportation  is  connected  with  the  temperature  or  climate  of 
the  countries  over  which  the  phenomena  were  produced.  If  it 
were  otherwise,  why  are  there  no  systems  of  erratics  with  an 
east  and  west  bearing,  or  in  the  main  direction  of  the  most  ex- 
tensive currents  flowing  at  present  over  the  surface  of  our  globe  ^ 

It  is  a  matter  of  fact,  of  undeniable  fact,  for  which  the  theory 
has  to  account,  that  in  the  two  hemispheres  the  erratics  have  di- 
rect reference  to  the  polar  regions,  ana  are  circumscribed  within 
the  arctics  and  the  colder  part  of  the  temperate  zone.  This  fact 
is  as  plain  as  the  other  fact,  that  the  local  distribution  of  boulders 
has  reference  to  high  mountain  ranges,  to  groups  of  land  raised 
above  the  level  of  the  sea  into  heights,  the  temperature  of  which 
is  lower  than  the  surrounding  plains.  And  what  is  still  more  as- 
tonishing, the  extent  of  the  local  boulders,  from  their  centre  of 
distribution  reaches  levels,  the  mean  annual  temperature  of  which 
corresponds  in  a  surprising  manner  with  the  mean  annual  temper- 
ature of  the  southern  limit  of  the  northern  erratics. 

We  have,  therefore,  in  this  agreement  a  strong  evidence  in  fa- 
vor of  the  view  that  both  the  phenomena  of  local  mountain  er- 
ratics in  Europe  and  of  northern  erratics  in  Europe  and  America 
have  probably  been  produced  by  the  same  cause. 

The  chief  difficulty  is  in  conceiving  the  possibility. of  the 
formation  of  a  sheet  of  ice  sufficiently  large  to  carry  the  northern 
erratics  into  their  present  limits  of  distribution ;  but  this  difficulty 
is  greatly  removed  when  we  can  trace,  as  in  the  Alps,  the  pro- 
gress of  the  l>oulders  under  the  same  aspect  from  the  glaciers 
now  existing,  down  into  regions  where  they  no  longer  exist,  but 
where  the  boulders  and  other  phenomena  attending  their  trans* 
portation  show  distinctly  that  they  once  existed. 

Without  extending  further  this  argumentation,  I  would  call  the 
attention  of  the  unprejudiced  observer  to  the  fact,  that  those  who 
advocate  currents  as  the  cause  of  the  transportation  of  erratics, 
have,  up  to  this  day,  failed  to  show,  in  a  single  instance,  that  cur- 
rents can  produce  all  the  different  phenomena  connected  with  the 
transportation  of  the  boulders  which  are  observed  everjrwhere  in 
the  Alps,  and  which  are  still  daily  produced  there  by  the  small 
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glaciers  yet  in  existence.  Never  do  we  find  that  water  leaves 
the  boulders  which  it  carries  along  in  regiilair  walls  of  mixed  ma- 
terials ;  nor  do  currents  any  where  produce  upon  the  hard  rocks 
in  silu  the  peculiar  grooves  and  scratches  which  we  see  every- 
where under  the  glacier  and  within  the  limits  of  their  ordinary 
oscillations. 

Water  may  polish  the  rocks,  but  it  nowhere  leaves  straight 
scratches  upon  their  surface ;  it  may  furrow  them,  but  these  fur- 
rows are  sinuous,  acting  more  powerfully  upon  the  soft  parts  of 
the  rocks  or  fissures  already  existing ;  whilst  glaciers  smooth  and 
level  uniformly,  the  hardest  parts  equally  with  the  softest,  and, 
hke  a  hard  file,  rub  to  uniform  continuous  surfaces  the  rocks  upon 
which  they  move. 

But  now  let  us  return  to  our  special  subject,  the  erratics  of 
North  America. 

The  phenomena  of  drift  are  more  complicated  about  Lake  Su- 
perior than  I  have  seen  them  any  where  else ;  for,  besides  the 
general  phenomena  which  occur  everywhere,  there  are  some  pe- 
culiarities noticed  which  are  to  be  ascribed  to  the  lake  as  such, 
and  which  we  do  not  find  in  places  where  no  lai^e  sheet  of  wa- 
ter has  been  brought  into  contact  with  the  erratic  phenomena. 
In  the  first  place,  we  notice  about  Lake  Superior  an  extensive 
tract  of  polished,  grooved  and  scratched  rocks,  which  present 
here  the  same  uniform  character  which  they  have  everywhere. 
As  there  is  so  little  disposition,  among  so  many  otherwise  intelli- 
gent geologists,  to  perceive  the  facts  as  they  are,  whenever  they 
bear  upon  the  question  of  drift,  I  cannot  but  repeat,  what  I  have 
already  mentioned  more  than  once,  but  what  I  have  observed 
again  here  over  a  tract  of  some  fifteen  hundred  miles,  that  the 
rocks  are  everywhere  smoothed,  rounded,  grooved  and  furrowed 
in  a  uniform  direction.  The  heterogeneous  materials  of  which 
the  rocks  consist  are  cut  to  one  continuous  uniform  level,  show- 
ing plainly  that  no  difference  in  the  polish  and  abrasion  can  be 
attributed  to  the  greater  or  less  resistance  on  the  part  of  the  rocks, 
but  that  a  continuous  rasp  cut  down  every  thing,  adapting  itself, 
however,  to  the  general  undulations  of  the  country,  but  never- 
theless showing,  in  this  close  adaptation,  a  most  remarkable  con- 
tinuity in  its  action. 

That  the  power  which  produced  these  phenomena  moved  in 
the  main  from  north  to  south,  is  distinctly  shown  by  the  form  of 
the  hills,  which  present  abrupt  slopes,  rough  and  sharp  corners 
towards  the  south,  while  they  are  all  smoothed  off  towards  the 
north. 

Indeed,  here,  as  in  Norway  and  Sweden,  there  is  on  all  the 
hills  a  lee-side  and  a  strike-side.  As  has  been  observed  in  Nor- 
way and  Sweden,  the  polishing  is  very  perfect  in  many  places, 
sometimes  strictly  as  brilliant  as  a  polished  metallic  surface,  and 
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eirery where  tbeae  snrfaces  are  more  or  less  scratched  and  farrow- 
ed, and  both  scratches  and  ftirrows  are  rectilinear,  crossing  each 
other  under  various  angles :  however,  never  varying  many  points 
of  the  compass  on  the  same  spot,  but  in  general  showing  that 
where  there  are  deviations  from  the  most  prominent  direction, 
they  are  influenced  by  the  undulations  of  the  soil.  It  has  been 
said,  that  the  main  direction  of  these  striae  was  from  northwest 
to  southeast,  but  I  have  found  it  as  often  strictly  from  north  to 
south,  or  even  from  northeast  to  southwest ;  and  if  we  are  to 
express  a  general  result,  we  should  say  that  the  direction,  assigned 
by  all  our  observations  to  the  various  scratches,  tends  to  show 
that  they  have  been  formed  under  the  influence  of  a  movement 
from  north  to  south,  varying  more  or  less  to  the  east  and  west, 
according  to  local  influences  in  the  undulations  of  the  soil.  It 
is,  indeed,  a  very  important  fact,  that  scratches  which  seem  to 
have  been  produced  at  no  great  intervals  from  each  other,  are  not 
absolutely  parallel,  but  may  divei^e  for  ten,  fifteen,  or  more 
degrees. 

There  is  one  feature  in  these  phenomena,  however,  in  which 
we  never  observe  any  variation.  The  continuity  of  these  lines 
is  absolutely  the  same  everywhere.  They  are  rectilinear  and 
continuous,  and  cannot  be  better  compared  than  with  the  eflects 
of  stones  or  other  hard  materials  dragged  in  the  same  direction 
upon  flat  or  rolling  surfaces ;  they  form  simple  scratches  extend- 
ing for  yards  iu  straight  lines,  or  breaking  oflf  for  a  shon  space  to 
continue  again  in  a  straight  line  in  the  same  direction,  just  as  if 
interrupted  by  a  jerk.  There  are  also  deeper  scratches  of  the 
same  kind,  presenting  the  same  phenomena,  only,  perhaps,  trace- 
able for  a  greater  distance  than  the  finer  ones.  These  scratches, 
instead  of  appearing  like  the  tracing  of  diamonds  upon  glass,  as 
the  former  do,  would  rather  assume  the  appearance  of  a  deeper 
groove,  made  by  the  point  of  a  graver,  or  perhaps  still  more 
closely  resemble  the  scratches  which  a  cart-wheel  would  produce 
upon  polished  marble,  if  the  wheel  were  chained,  and  coarse  sand 
spread  over  the  floor,  the  wheel  continuing  to  move  onward  but 
without  revolving.  The  appearance  of  the  surface,  crushed  by  the 
moving  mass,  is  especially  distinct  in  limestone  rocks,  where 
grooves  are  seldom  nicely  cut,  but  present  the  appearance  of  a 
violent  pressure  combined  with  the  grooving  power,  thus  giving 
to  the  groove  a  character  which  is  quite  peculiar,  and  which  at 
once  strikes  an  observer  who  has  been  familiar  with  its  charac- 
teristic aspect.  Now,  I  do  not  know  upon  what  the  assertions  of 
some  geologists  rest,  that  gravel  moved  by  water  under  strong 
heavy  currents  will  produce  similar  eflfects.  Wherever  I  have 
gone  since  studying  these  phenomena,  I  have  looked  for  such 
cases,  and  have  never  yet  found  modern  gravel  currents  produce 
any  thing  more  than  a  smooth  surface  with  undulating  furrows 
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following  the  cracks  in  the  rocks,  or  hollowing  their  softer  parts ; 
but  continuous  straight  lines,  especially  such  crushed  lines  and 
straight  furrows,  I  have  never  seen. 

When  we  know  how  extensive  the  action  of  water  carrying 
mud  and  gravel  is  on  every  shore  and  in  every  water  current,-^ 
when  we  can  trace  this  action  almost  everywhere,  and  no  where 
find  it  similar  to  the  phenomena  just  described,  I  cannot  imagine 
upon  what  ground  these  phenomena  are  still  attributed  to  the 
agency  of  currents.  This  is  the  less  rationaT  as  we  have  at  pres* 
ent,  in  all  high  mountain  chains  of  the  temperate  zone,  other 
agents,  the  glaciers,  producing  these  very  same  phenomena,  with 
precisely  the  same  characters,  to  which,  therefore,  a  sound  phi- 
losophy should  ascribe,  at  least  conditionally,  the  northern  and 
Alpine  polished  surfaces,  and  scratched  and  grooved  rocks,  or  at 
least  acknowledge  thstt  the  effect  produced  by  the  action  of  gla- 
ciers more  nearly  resembles  these  erratic  phenomena  than  does 
that  which  results  from  the  action  of  currents.  But  such  is  the 
prejudice  of  many  geologists,  that  those  keen  faculties  of  distino* 
tion  and  generalization,  that  power  of  superior  perception  and 
discrimination  which  have  led  them  to  make  such  brilliant  disr 
coveries  in  geology  in  general,  seem  to  abandon  them  at  once  as 
soon  as  they  look  at  the  erratics.  The  objection  made  by  a  ven- 
erable geologist,  that  the  cold  required  to  form  and  preserve  such 
glaciers,  for  any  length  of  time,  would  freeze  him  to  death,  is  as 
childish  as  the  apprehension  that  the  heavy  ocean  currents,  the 
action  of  which  he  sees  everywhere,  might  have  swept  him 
away.* 

Now  that  these  phenomena  have  been  observed  extensively, 
we  may  derive  also  some  instruction  from  the  limits  of  their  geo- 
graphical extent.  Let  us  see,  therefore,  where  these  polished, 
scratched  and  furrowed  rocks  have  been  observed. 

In  the  first  place  they  occur  everywhere  in  the  north  within 
certain  limits  of  the  arctics,  and  through  the  colder  parts  of  the 
temperate  zone.  They  occur  also  in  the  southern  hemisphere, 
within  parallel  limits,  but  in  the  plains  of  the  tropics,  and  even  in 
the  warmer  parts  of  the  temperate  zone  we  find  no  trace  of  these 
phenomena,  and  nevertheless  the  dction  of  currents  could  not  be 
less  there,  and  could  not  at  any  time  have  been  less  than  in  the 
colder  climates.  It  is  true,  similar  phenomena  occur  in  Central 
Europe  and  have  been  noticed  in  Central  Asia,  and  even  in  the 
Andes  of  South  America,  but  these  always  in  higher  regions,  at 
definite  levels  above  the  surface  of  the  sea,  everywhere  indicating 
a  connection  between  their  extent  and  the  colder  temperature  of 
the  places  over  which  they  are  traced. 


*  Berlin  Academy,  1846. 
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More  recently,  a  step  towards  the  views  I  entertain  of  this  sub- 
ject, has  been  made  by  those  geologists  who  would  ascribe  them 
to  the  agency  of  icebergs.  Here,  as  in  my  glacial  theory,  ice  is 
made  the  agent ;  floating  ice  is  supposed  to  have  ground  and  pol- 
ished the  surfaces  of  rocks,  while  I  consider  them  to  have  bieen 
acted  upon  by  terrestrial  glaciers.  To  settle  this  difference  we 
have  a  test  which  is  as  irresistible  as  the  other  arguments  already 
introduced. 

Let  us  investigate  the  mode  of  action,  the  mode  of  transport- 
ation of  icebergs,  and  let  us  examine  whether  this  cause  is  ade- 
quate to  produce  phenomena  for  which  it  is  made  to  account. 
As  mentioned  above,  the  polished  surfaces  are  continuous  over 
hills,  and  in  depressions  of  the  soil,  and  the  scratches  which  run 
over  such  undulating  surfaces  are  nevertheless  continuous  in 
straight  lines.  If  we  imagine  icebergs  moving  upon  shoals,  no 
doubt  they  would  scratch  and  polish  the  rocks  in  a  way  similar 
to  moving  glaciers.  But  upon  such  localities  they  would  sooner 
or  later  be  stranded,  and  if  they  remained  loose  enough  to  move, 
they  would,  in  their  gyratory  movements,  produce  curved  lines, 
and  mark  the  spots  where  they  had  been  stranded  with  particular 
indications  of  their  prolonged  action.  But  nowhere  upon  arctic 
ground  do  we  find  such  indications.  Everywhere  the  polished 
and  scratched  surfaces  are  continuous  in  straight  juxtaposition. 

Phenomena  analogous  to  those  produced  by  icebergs  would 
only  be  seen  along  the  sea-shores ;  and  if  the  theory  of  drifted 
icebergs  were  correct,  we  should  have,  all  over  those  continents 
where  erratic  phenomena  occur,  indications  of  retreating  shores 
as  far  as  the  erratic  phenomena  are  found.  But  there  is  no  such 
thing  to  be  observed  over  the  whole  extent  of  the  North  Ameri- 
can continent,  nor  over  Northern  Europe  and  Asia,  as  far  as  the 
northern  erratics  extend.  From  the  arctics  to  the  southernmost 
limit  of  the  erratic  distribution,  we  find  nowhere  the  indications 
of  the  action  of  the  sea  as  directly  connected  with  the  production 
of  the  erratic  phenomena.  And  wherever  the  marine  deposits 
rest  upon  the  polished  surfaces  of  ground  and  scratched  rocks, 
they  can  be  shown  to  be  deposits  formed  since  the  grooving  and 
polishing  of  the  rocks,  in  consequence  of  the  subsidence  of  those 
tracts  of  land  upon  which  such  deposits  occur. 

Again,  if  we  take  for  a  moment  into  consideration  the  immense 
extent  of  land  covered  by  erratic  phenomena,  and  view  them  as 
produced  by  drifted  icebergs,  we  must  acknowledge  that  the  ice- 
bergs of  the  present  period  at  least,  are  insufficient  to  account  for 
them,  as  they  are  limited  to  a  narrower  zone.  And  to  bring  ice- 
bergs in  any  way  within  the  extent  which  would  answer  for  the 
extent  of  the  distribution  of  erratics,  we  must  assume  that  the 
northern  ice  fields,  from  which  these  icebergs  could  be  detached 
and  float  southwards,  were  much  larger  at  the  time  they  prodaced 
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such  extensive  phenomena  than  they  are  now.  That  is  to  say, 
we  must  assume  an  ice  period ;  and  if  we  look  into  the  circum- 
stances we  shall  find  that  this  ice  period,  to  answer  to  the  phe- 
nomena, should  be  nothing  less  than  an  extensive  cap  of  ice  upoa 
both  poles.  This  is  the  very  theory  which  I  advocate ;  and  un- 
less the  advocates  of  an  iceberg  theory  go  to  that  length  in  their 
premises,  I  venture  to  say,  without  fear  of  contradiction,  that 
they  will  find  the  source  of  their  icebergs  fall  short  of  the  requi- 
site conditions  which  they  must  assume,  upon  due  consideration, 
to  account  for  the  whole  phenomena  as  they  have  really  been 
observed. 

But  without  discussing  any  farther  the  theoretical  views  of  the 
question,  let  me  describe  more  minutely  the  facts  as  observed  on 
the  northern  shores  of  Lake  Superior.  The  polished  surfaces, 
as  such,  are  even,  undulating,  and  terminate  always  above  the 
rough  lee-side  turned  to  the  south,  unless  upon  gentle  declivities, 
where  the  polished  surfaces  extend  in  unbroken  continuity  upon 
the  southern  surfaces  of  the  hills,  as  well  as  upon  their  northern 
slopes.  On  their  eastern  and  western  flanks,  shallow  valleys  run- 
ning east  and  west  are  as  uniformly  polished  as  those  which  nm 
north  and  south  ;  and  this  fact  is  more  and  more  evident,  wher^ 
ever  scratches  and  furrows  are  also  well  preserved  and  distinctly 
seen,  and  by  their  bearings  we  can  ascertain  most  minutely,  the 
direction  of  the  onward  movement  which  produced  the  whole 
phenomena.  Nothing  is  more  striking  in  this  respect  than 
the  valleys  or  depressions  of  the  soil  running  east  and  west, 
where  we  see  the  scratches  crossing  such  undulations  at  right  an- 
gles, descending  along  the  southern  gentle  slope  of  a  hill,  trav- 
ersing the  flat  bottom  below,  and  rising  again  up  the  next  hill 
south,  in  unbroken  continuity.  Examples  of  the  kind  can  be 
seen  everywhere  in  those  narrow  inlets,  with  shallow  waters  in- 
tersecting the  innumerable  highlands  along  the  northern  shores 
of  Lake  Superior,  where  the  scratches  and  furrows  can  be  traced 
under  water  from  one  shore  to  the  other,  and  where  they  at  times 
ascend  steep  hills,  which  they  cross  at  right  angles  along  their 
northern  slope,  even  when  the  southern  slope,  not  steeper  in  it- 
self, faces  the  south  with  rough  escarpments. 

The  scratches  and  furrows,  though  generally  running  north 
and  south,  and  deviating  slightly  to  the  east  and  west,  present  in 
various  places  remarkable  anomalies,  even  in  their  general  course 
along  the  eastern  shore  of  the  lake.  Between  Michipicotin  and 
Sault  St.  Marie  we  more  frequently  see  a  deflection  to  the  west 
than  a  due  north  and  south  course,  which  is  rather  normal  along 
the  northern  shore  proper,  between  Michipicotin  and  other  isl- 
ands, and  from  the  Pic  to  Fort  William ;  the  deep  depression  of 
the  lake  being  no  doubt  the  cause  of  such  a  deviation,  as  large 
I  of  ice  conid  accumalate  in  this  extensive  hollow  cavity 
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before  spreading  again  more  uniformly  beyond  its  limits.  To  the 
oscillations  of  the  whole  mass  in  its  southerly  movement,  ac- 
cording to  the  inequalities  of  the  surfaces,  we  must  ascribe  the 
crossing  of  the  straight  lines  at  acute  angles,  as  we  observe  also 
at  the  present  day  under  the  glaciers,  as  they  swell  and  subside, 
and  hence  meet  with  higher  and  lower  obstacles  in  their  irregular 
course  between  the  Alpine  valleys. 

In  deep,  narrow  chasms,  however,  we  find  now  and  then  great- 
er deviations  from  the  normal  direction  of  the  striaB,  where  con- 
siderable masses  of  ice  could  accumulate,  and  move  between  steep 
walls  under  a  lateral  pressure  of  the  masses  moving  onwards  from 
the  north.  Such  a  chasm  is  seen  between  Spar  Island  and  the 
main  land  opposite  Prince's  Location,  south  of  Fort  William, 
where  the  furrows  and  scratches  nm  nearly  east  and  west.  But 
here  also,  there  is  no  tumultuous  disturbance  in  the  continuation 
of  the  phenomena,  such  as  would  occur  if  icebergs  were  floated 
and  stranded  against  the  southern  barrier.  The  same  continuity 
of  even,  polished  surfaces,  with  their  scratches  and  furrows,  pre- 
vails here  as  elsewhere.  The  angles  which  these  scratches  form 
with  each  other  are  very  acute,  generally  not  exceeding  10^ ;  but 
at  times  they  diverge  more,  forming  angles  of  15^,  20^  and  25^. 
In  a  few  instances,  I  have  even  found  localities  where  they  cross- 
ed each  other  at  angles  of  no  less  than  30^ ;  but  these  are  rare 
exceptions.  It  may  sometimes  be  noticed  that  the  lines  running 
in  one  direction  form  a  system  by  themselves,  varying  very  little 
from  strict  parallelism  with  each  other,  but  crossing  another  sys- 
tem, more  or  less  strongly  marked,  of  other  lines  equally  parallel 
with  each  other.  At  other  times,  a  system  of  lines,  strongly 
marked  and  diverging  very  slightly,  seem  to  pass  over  another 
system,  in  which  the  lines  form  various  angles  with  each  other. 
Again,  there  are  places, — and  this  is  the  most  common  case, — 
where  the  lines  diverge  slightly,  following,  however,  generally 
one  main  direction,  which  is  crossed  by  fewer  lines,  forming  more 
open  angles.  These  differences,  no  doubt,  indicate  various  oscil- 
lations in  the  movement  of  the  mass  which  produced  the  lines, 
and  show  probably  its  successive  action,  with  more  or  less  in- 
tensity, upon  the  same  point  at  successive  periods,  in  accordance 
with  the  direction  of  the  moving  force  at  each  interval.  The 
same  variations  within  precisely  the  same  limits  may  be  noticed 
in  our  day  on  the  margin  of  the  glaciers  produced  by  the  increase 
or  diminution  of  the  bulk  of  their  mass,  and  the  changes  in  the 
rate  of  their  movement. 

The  loose  materials  which  produced,  in  their  onward  move- 
ment under  the  pressure  force,  such  polishing  and  grooving,  con- 
sisted of  various  sized  boulders,  pebbles  and  gravels,  down  to  the 
most  minute  sand  and  loamy  powder.  Accumulations  of  such 
materials  are  found  everywhere  upon  these  smooth  surfaces,  and 
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in  their  arrangement  they  present  everjrwhere  the  most  striking 
contrast  when  compared  with  deposits  accumulated  under  the 
agency  of  water.  Indeed,  we  nowhere  find  this  glacial  drift  reg- 
ularly stratified,  being  everywhere  irregular  accumulations  of 
loose  materials,  scattered  at  random  without  selection,  the  coars- 
est and  most  minute  particles  being  piled  irregularly  in  larger  or 
smaller  heaps,  the  greatest  boulders  standing  sometimes  upper- 
most, or  in  the  centre,  or  in  any  position  among  smaller  pebbles 
and  impalpable  powder. 

And  these  materials  themselves  are  scratched,  polished  and  fur- 
rowed, and  the  scratches  and  furrows  are  rectilinear  as  upon  the 
rocks  in  situ  underneath,  not  bruised  simply,  as  the  loose  materia 
als  carried  onward  by  currents  or  driven  against  the  shores  by 
the  tides,  but  regularly  scratched,  as  fragments  of  hard  materials 
would  be  if  they  had  been  fastened  during  their  friction  against 
each  other,  just  as  we  observe  them  upon  the  lower  surface  of 
glaciers  where  all  the  loose  materials  set  in  ice,  as  stones  in  their 
setting,  are  pressed  and  rubbed  against  underlying  rocks.  But 
the  setting  here  being  simply  ice,  these  loose  materials,  fast  at  one 
time  and  movable  another,  and  fixed  and  loosened  again,  have 
rubbed  against  the  rock  below  in  all  possible  positions ;  and  hence 
not  only  their  rounded  form,  but  also  their  rectilinear  grooving. 
How  such  grooves  could  be  produced  under  the  action  of  cur- 
rents, I  leave  to  the  advocates  of  such  a  theory  to  show,  as  soon 
as  they  shall  be  prepared  for  it. 

I  should  not  omit  here  to  mention  a  fact  which,  in  my  opinion, 
has  a  great  theoretical  importance,  namely,  that  in  the  northern 
erratics,  even  the  largest  boulders,  as  far  as  I  know,  are  rounded, 
and  scratched  and  polished,  at  least,  all  those  which  are  found 
beyond  the  immediate  vicinity  of  the  higher  mountain  ranges; 
showing  that  the  accumulations  of  ice  which  moved  the  northern 
erratics  covered  the  whole  country;  and  this  view  is  sustained 
by  another  set  of  facts  equally  important,  namely,  that  the  high- 
est ridges,  the  highest  rugged  mountains,  at  least,  in  this  conti- 
nent and  north  of  the  Alps  in  Europe,  are  as  completely  polished 
and  smoothed  as  the  lower  lands,  and  only  a  very  few  peaks  seem 
to  have  risen  above  the  sheet  of  ice ;  whilst,  in  the  Alps,  the 
summits  of  the  mountains  stand  generally  above  these  accumula- 
tions of  ice,  and  have  supplied  the  surface  of  the  glaciers  with 
large  numbers  of  angular  boulders,  which  have  been  carried  upon 
the  back  of  glaciers  to  the  lower  valleys  and  adjacent  plains  with- 
out losing  their  angular  forms. 

With  respect  to  the  irregular  accumulation  of  drift-materials  in 
the  north,  I  may  add  that  there  is  not  only  no  indication  of  strati- 
fication among  them,  such  unquestionably  as  water  would  have 
left,  but  that  the  very  nature  of  these  materials  shows  plainly 
that  they  are  of  terrestrial  origin ;  for  the  mud  which  sticks  b^ 
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tween  them  adheres  to  all  the  little  roughnesses  of  the  pebbles, 
fills  them  out,  aiid  has  the  peculiar  adhesive  character  of  the  mud 
ground  under  the  glaciers,  and  differing  entirely  in  that  respect 
from  the  gravels  and  pebbles  and  sands  washed  by  water  currents, 
which  leave  each  pebble  clean,  and  never  form  adhering  masses, 
unless  penetrated  by  an  infiltration  of  limestone. 

Another  important  fact  respecting  this  glacial  drift  consists  in 
the  universal  absence  of  marine  as  well  as  freshwater  fossils  in  its 
interior,  a  fact  which  strengthens  the  view  that  they  have  been 
accumulated  by  the  agency  of  strictly  terrestrial  glaciers ;  such  is, 
at  least,  the  case  everywhere  far  from  the  sea-shore.  But  we 
may  conclude  that  these  ancient  glaciers  reached,  upon  various 
points,  the  sea-shore  at  the  time  of  their  greatest  extension,  just 
as  they  do  at  present  in  Spitzbergen  and  other  arctic  shores ;  and 
that  therefore,  in  such  proximity,  phenomena  of  contact  should 
be  observed,  indicating  the  onward  movement  of  glacial  material 
into  the  ocean,  such  as  the  accumulation  within  these  materials 
of  marine  fossil  remains,  and  also  the  influence  of  the  tidal  move- 
ments upon  them.  And  now  such  is  really  the  case.  Nearer  the 
sea-shores  we  observe  distinctly,  in  some  accumulations  of  the 
drift,  faint  indications  of  the  action  of  the  tide  reaching  the  lower 
surface  of  glaciers,  and  the  remodeling,  to  some  extent,  of  the 
materials  which  there  poured  into  the  sea.  A  beautiful  example 
of  the  kind  may  be  observed  near  Cambridge,  along  Charles 
River,  not  far  from  Mount  Auburn,  where  the  unstratified  glacial 


drift  (a)  presents  in  its  upper  masses  strictly  the  characters  of  true 
terrestrial  glacial  accumulation,  but  shows  underneath  faint  indi- 
cations (b)  of  the  action  of  tides.  Above,  regular  tidal  strata  (c) 
are  observed,  formed  probably  after  the  masses  below  had  sub- 
sided. The  surface  of  this  accumulation  is  covered  with  soil  (d). 
The  period  at  which  these  phenomena  took  place  cannot  be 
fully  determined,  nor  is  it  easy  to  ascertain  whether  all  glacial 
drift  is  contemporaneous.  It  would  seem,  however,  as  if  the  ex- 
tensive accumulation  of  drift  all  around  the  northern  pole  in  Ea- 
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rope,  Asia  and  America  was  of  the  same  age  as  the  erratics  of  the 
Alps.  The  climatic  circumstances  capable  of  accumulating  such 
large  masses  of  ice  around  the  north  pole,  having,  no  doubt,  extend- 
ed their  influence  over  the  temperate  zone,  and  probably  produced, 
in  high  mountain  chains,  as  the  Alps,  the  Pyrenees,  the  Black 
Forest,  and  the  Vosges,  such  accumulatiorra  of  snow  and  ice,  as 
may  have  produced  the  erratic  phenomena  of  those  districts.  But 
extensive  changes  must  have  taken  place  in  the  appearance  of 
the  continents  over  which  we  trace  erratic  phenomena,  since  we 
observe  in  the  Old  World,  as  well  as  in  North  America,  extensive 
stratified  deposits  containing  fossils  which  rest  upon  the  erratics ; 
and  as  we  have  all  possible  good  reasons  and  satisfactory  evidence 
for  admitting  that  the  erratics  were  transported  by  the  agency  of 
terrestrial  glaciers,  and  that  therefore  the  tracts  of  land  over  which 
they  occur,  stood  at  that  time  above  the  level  of  the  sea,  we  are 
led  to  the  conclusion  that  these  continents  have  subsided  since  that 
period  below  the  level  of  the  sea,  and  that  over  their  inundated 
portions  animal  life  has  spread,  remains  of  organized  beings  have 
been  accumulated,  which  are  now  found  in  a  fossil  state  in  the 
deposits  formed  under  those  sheets  of  water. 

Such  deposits  occur  at  various  levels  in  different  parts  of  North 
America.  They  have  been  noticed  about  Montreal,  on  the  shores 
of  Lake  Champlain,  in  Maine  and  also  in  Sweden  and  Russia ; 
and,  what  is  most  important,  they  are  not  everywhere  at  the 
same  absolute  level  above  the  surface  of  the  ocean,  showing  that 
both  the  subsidence,  and  the  subsequent  upheaval  which  has 
again  brought  them  above  the  level  of  the  sea,  have  been  unequal ; 
and  that  we  should  therefore  be  very  cautious  in  our  inferences 
respecting  both  the  continental  circumstances  under  which  the 
ancient  glaciers  were  formed,  and  also  the  extent  of  the  sea  after* 
ward,  as  compared  with  its  present  limits. 

The  contrast  between  the  unstratified  drift  and  the  subsequently 
stratified  deposits  is  so  great,  that  they  rest  everywhere  uncon- 
formably  upon  each  other,  showing  distinctly  the  difference  of  the 
agency  under  which  they  were  accumulated.  This  unconform*- 
able  superposition  of  marine  drift  upon  glacial  drift  is  also  beau- 
tifully shown  at  the  above  mentioned  locality  near  Cambridge. 
(See  Diagram.)  In  this  case  the  action  of  tides  in  the  accumu- 
lation of  the  stratified  materials  is  plainly  seen. 

The  various  heights  at  which  these  stratified  deposits  occur, 
above  the  level  of  the  sea,  show  plainly,  that  since  their  accumu- 
lation, the  main  land  has  been  lifted  above  the  ocean  at  different 
rates  in  different  parts  of  the  country ;  and  it  would  be  a  most  im- 
portant investigation  to  have  their  absolute  level,  in  order  more  fully 
to  ascertain  the  last  changes  which  our  continents  have  undergone. 

From  the  above  mentioned  facts,  it  must  be  at  once  obvious 
that  the  various  kinds  of  loose  materials,  all  over  the  northern 

Ssocmo  SxEDn,  VoL  X,  No.  28.— July,  1850.  18 

Digitized  by  VaOOQ  IC 


98  Erratic  Phenomena  about  Lake  Superior. 

hemisphere,  have  been  accumulated,  not  only  under  different  cir- 
cumstances, but  during  long-continued  subsequent  distinct  peri- 
ods, and  that  great  changes  have  taken  place  since  their  deposi- 
tion, before  the  present  state  of  things  was  fully  established. 

To  the  first  period, — the  ice  period,  as  I  have  called  it, — belong 
all  the  phenomena  connected  with  the  transportation  of  erratic 
boulders,  the  polishing,  scratching  and  furrowing  of  the  rocks 
and  the  accumulation  of  unstratified,  scratched,  and  loamy  drift. 
During  that  period,  the  main  land  seems  to  have  been,  to  some 
extent  at  least,  higher  above  the  level  of  the  sea  than  now ;  as 
we  observe,  on  the  shores  of  Great  Britain,  Norway  and  Sweden, 
as  well  as  the  eastern  shores  of  North  America,  the  polished  sur- 
faces dipping  under  the  level  of  the  ocean,  which  encroaches 
everywhere  upon  the  erratics  proper,  effaces  the  polished  surfaces 
and  remodels  the  glacial  drift.  During  these  periods,  large  ter- 
restrial animals  lived  upon  both  continents,  the  fossil  remains  of 
which  are  found  in  the  drift  of  Siberia,  as  well  as  of  this  conti- 
nent. A  fossil  elephant  recently  discovered  in  Vermont*  adds  to 
the  resemblance,  already  pointed  out,  between  the  northern  drift 
of  Europe  and  that  of  North  America ;  for  fossils  of  that  genus 
are  now  known  to  occur  upon  the  northernmost  point  of  the  west- 
ern extremity  of  North  America,  in  New  England,  in  Northern 
Europe,  as  well  as  all  over  Siberia. 

To  the  second  period  we  would  refer  the  stratified  deposits 
resting  upon  drift,  which  indicate  that  during  their  deposition  the 
northern  continent  had  again  extensively  subsided  under  the  sur- 
face of  the  ocean. 

During  this  period,  animals,  identical  with  those  which  occur 
in  the  northern  seas,  spread  widely  over  parts  of  the  globe  which 
are  now  again  above  the  level  of  the  ocean.  But,  as  this  last 
elevation  seems  to  have  been  gradual,  and  is  even  still  going  on 
in  our  day,  there  is  no  possibility  of  tracing  more  precisely,  at 
least  for  the  present,  the  limit  between  that  epoch  and  the  present 
state  of  things.  Their  continuity  seems  almost  demonstrated  by 
the  identity  of  fossil  shells  found  in  these  stratified  deposits,  with 
those  now  living  along  the  present  shores  of  the  same  continent, 
and  by  the  fact  that  changes  in  the  relative  level  between  sea 
and  main  land  are  still  going  on  in  our  day. 

Indications  of  such  relative  changes  between  the  level  of  the 
waters  and  the  land  are  also  observed  about  Lake  Superior.  And 
here  they  assume  a  very  peculiar  character,  as  the  level  of  the 
lake  itself,  in  its  relation  to  its  shores,  is  extensively  changed. 

All  around  Lake  Superior  we  observe  terraces  at  different  lev- 
els ;  and  these  terraces  vary  in  height,  from  a  few  feet  above  the 
present  level  of  the  lake,  to  several  hundred  feet  above  its  surface, 

*  See  this  Journal,  yoL  ix,  p.  266. 
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presenting  everywhere  undoubted  evidence,  that  they  were  formed 
by  the  waters  of  the  lake  itself. 

As  everywhere  the  lake  shores  are  strewed  with  sand  and  peb- 
bles stranded  within  certain  limits  by  the  waves,  the  lowest 
accumulations  of  loose  materials  remain  within  the  action  of 
heavy  storms,  and  within  such  limit  they  are  entirely  deprived  of 
vegetation. 

Next,  another  set  of  beaches  is  observed,  consisting  generally 
of  coarser  materials,  forming  shelves  above  the  reach  of  even  the 
severest  storms,  as  shown  by  the  scanty  cryptogamus  vegetation, 
and  a  few  small  herbaceous  plants  which  have  grown  upon  them. 

Next,  other  beaches,  retreating  more  and  more  from  the  shores, 
are  observed,  upon  which  an  older  vegetation  is  traced,  consisting 
of  shrubs,  small  trees,  and  a  larger  number  of  different  plants, 
among  which  extensive  carpets  of  wonderful  lichens  sometimes 
spread  over  large  surfaces  of  greater  extent.  And  the  gentle  slope 
of  some  of  the  terraces  shows  that  the  lake  must  have  stood  at 
this  level  for  a  longer  time,  as  higher  banks  rise  precipitously 
above  them,  consisting  also  of  loose  materials,  which  must  have 
been  worn  out  and  washed  away,  for  a  considerable  time,  by  the 
action  of  the  waves  from  the  lake.  In  ^ch  a  manner,  terrace  above 
terrace  may  be  observed,  in  retreating  sheltered  bays  or  along  pro- 
tected shores,  over  extensive  tracts ;  sometimes  two  or  three  in 
close  proximity,  perhaps  within  twenty  to  fifty  feet  of  each  other ; 
and  again,  extensive  flat  shores,  spreading  above  to  another  abrupt 
bank,  making  the  former  shore,  above  which  other  and  other  ter- 
races are  seen ;  six,  ten,  even  fifteen  such  terraces  may  be  distin- 
guished on  one  spot,  forming,  as  it  were,  the  steps  of  a  gigantic 
amphitheatre.  The  most  remarkable  of  all  the  amphitheatres 
has  been  sketched  by  Mr.  Cabot,  and  forms  the  frontispiece  to 
this  volume.  Its  height  has  been  determined  by  Mr.  Logan,  in 
his  Geographical  Report  of  Canada,  page  10,  where  it  is  minutely 
described.  I  therefore  refer  to  this  account  for  further  details.  I 
would  only  mention  here,  that  the  first  shelf,  within  the  reach  of 
the  lake,  consists  of  minute  sand,  and  forms  a  narrow  strip  of 
sterile  ground  along  the  water-edge ;  next,  we  have  a  slope  of 
about  10°,  followed  by  a  flat  terrace,  extending  for  nearly  fifty 
paces  to  a  second  very  steep  slope,  about  26°  and  30°  inclination  ; 
then  a  sloping  terrace  with  an  inclination  of  near  16°,  stretching 
for  eighty  to  a  hundred  paces,  above  which  rises  another  steep 
slope  of  20°,  beyond  which  an  extensive  flat,  slightly  sloping, 
extends  for  several  hundred  paces,  crowned  by  some  irregular 
ridges  at  its  summit,  and  along  the  rocky  ledges  which  form  the 
bay  at  the  bottom  of  which  this  high  gravel  bank  rises. 

In  connection  with  these  lake  terraces,  we  must  consider  also 
the  river  terraces  which  present  similar  phenomena  along  their 
banks  all  around  the  lake,  with  the  difference  that  they  slope 
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gradually  along  the  water  courses,  otherwise  resembling  in  their 
composition  the  lake  terraces,  which  are  altogether  composed  of 
remodeled  glacial  drift,  which,  from  the  influence  of  the  water 
and  their  having  been  rolled  on  the  shores,  have  lost,  more  or 
less,  their  scratches  and  polished  appearance,  and  have  assumed 
the  dead  smoothness  of  water  pebbles.  Such  terraces  occur  fre- 
quently between  the  islands,  or  cover  low  necks  connecting  prom- 
ontories with  the  main  land,  thus  showing,  on  a  small  scale,  how 
by  the  accumulation  of  loose  materials,  isolated  islands  may  be 
combined  to  form  larger  ones,  and  how,  in  the  course  of  time,  by 
the  same  process,  islands  may  be  connected  with  the  main  land. 

The  lake  shores  present  another  series  of  interesting  phenom- 
ena, especially  near  the  mouth  of  larger  rivers  emptying  into  the 
lake  over  flats,  where  parallel  walls  of  loose  materials,  driven  by 
the  action  of  the  lake  against  the  mouth  of  the  river,  have  suc- 
cessively stopped  its  course  and  caused  it  to  wind  its  way  between 
the  repeated  accumulations  of  such  obstacles. 

The  lower  course  of  Michipicotin  River  is  for  several  miles 
dammed  up  in  that  way  by  concentric  walls,  across  which  the 
river  has  cut  its  bed,  and  winding  between  them,  has  repeatedly 
changed  its  direction,  breaking  through  the  successive  walls  in 
diflerent  places.  The  largest  and  lowest  of  these  walls,  a  kind 
of  river  terrace  near  the  margin  of  the  lake,  shuts  at  present  the 
fieu^tory  from  the  immediate  lake  shore,  and  the  river,  which  has 
cut  its  way  between  the  rocks  to  the  right  and  the  walls,  has  left 
a  bold  bank  in  this  dam  on  its  left  shore. 

An  important  question  now  arises,  after  considering  these  facts, 
how  these  successive  changes  in  the  relative  level  of  the  lake  and 
its  shores  have  been  introduced.  Has  the  water  been  gradually 
subsiding,  or  has  the  shore  been  repeatedly  lifted  up  ?  Merely 
from  the  general  inferences  of  the  more  extensive  phenomena 
described  above,  respecting  the  relative  changes  between  land 
and  sea,  I  should  be  inclined  to  admit  that  the  land  has  risen, 
rather  than  to  suppose  that  the  waters  have  gradually  flowed  out 

But  there  are  about  the  lake  itself  suflScient  proofs,  which  leave 
in  my  mind  not  the  slightest  doubt  that  it  is  the  land  which  has 
changed  its  level,  and  not  the  lake  which  has  subsided. 

In  the  first  place,  to  suppose  that  the  lake  had  once  stood  as 
high  as  the  highest  terraces,  it  would  be  necessary  to  admit  that 
its  banks  were,  all  round  its  shores,  sufficiently  high  to  keep  the 
water  at  that  highest  level,  or,  at  least,  that  there  were,  at  the 
lower  outlets,  bars  to  that  height,  which  have  been  gradually  re- 
moved since.  But  neither  is  the  main  land  sufficiently  high,  at 
the  western  extremity  and  along  the  southern  shores,  to  admit  of 
such  a  supposition,  nor  is  there  about  the  outlet  of  the  lake,  be- 
tween Gros  Cap  and  Cap  Iroquois,  an  indication  of  a  barrier 
which  has  been  gradually  removed.    There,  as  everywhere  along 
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the  lake  shores,  the  loose  movable  materials  consist  of  the  same 
drift,  the  accumulation  of  which,  at  various  levels,  we  are  aiming 
to  account  for.  If,  therefore,  we  consider  this  same  drift  as  the 
barrier  under  whose  protection  the  lake  modeled  other  parts  of  its 
mass,  we  should  be  compelled  to  admit  another  cause  to  remove 
the  barrier,  a  supposition  for  which  there  is  not  the  slightest  indi* 
cation  in  the  geological  structure  of  the  country.  But  if,  on  the 
contrary,  we  suppose  the  lake  to  have  removed  the  barrier,  there 
is  no  cause  left  for  its  accumulation,  and  the  changes  in  the  com* 
parative  level  of  the  main  land  and  the  terraces  remain  equally 
unaccounted  for. 

Indeed,  the  terraces  are  so  unequal  in  their  absolute  level  when 
compared  to  each  other,  that  a  gradual  subsidence  of  the  lake 
removing  a  barrier  of  loose  materials  at  its  outlet  could  never  ex- 
plain their  irregularity.  But  if  we  suppose  that  the  innutnerable 
dykes  which  cross,  in  all  directions,  the  rocks  which  form  the 
shores  of  the  lake,  have  at  various  intervals  lifted  up  these  shores, 
we  have  at  the  same  time  a  cause  for  the  change  of  the  relative 
level  between  the  terraces  and  the  lake,  and  also  for  the  change 
of  its  absolute  level,  as  it  removed  larger  and  larger  portions  of 
materials  accumulated  at  its  eastern  extremity. 

That  these  dikes  have  produced  such  changes  will  not  be 
doubted  by  any  one  who  may  study  the  phenomena  described  in 
the  following  chapter  respecting  the  origin  of  the  present  outlines 
of  the  lakes,  as  produced  by  the  intersection  of  all  the  dikes 
traversing  the  metamorphic  and  plutonic  rocks  of  the  northern 
shores. 

We  should  therefore  conclude  that,  as  there  has  been  a  general 
gradual  change  between  the  relative  level  of  the  main  land  and 
sea,  so  there  has  also  been  a  gradual  local  change  in  the  relative 
level  of  the  lake  and  its  shores ;  and  hence  the  local  phenomena 
would  only  corroborate  the  induction  derived  from  more  general 
geological  facts. 


Abt.   XIV. — Crystallized  Oold  from   California;    by 
Fbancis  Alger,  Boston.* 

I  HAVE  lately  had  an  opportunity  of  examining  some  parcels  of 
California  gold,  which  have  afforded  specimens  worthy  of  espe- 
cial notice.  Those  which  I  purpose  to  describe  in  this  paper,  I 
obtained  from  the  collections  brought  home  by  Mr.  George  E. 
Tyler,  of  this  city,  and  Mr.  H.  B.  Piatt,  of  New  York.  They 
consist  of  well  characterized  octahedral  crystals,  simple  and  modi- 
fied, the  surfaces  of  which  have  been  but  slightly  disfigured  by 

*  Read,  in  part»  before  the  Boston  Society  of  NatonJ  Histoiy,  April,  1850. 

Digitized  by  VaOOQ  IC 


102       P.  Alger  on  Crystallized  Gold  from  California, 

attrition,  or  the  effects  of  transported  action  usually  observed  in  oth- 
er specimens.  I  cannot  say  that  I  have  ever  before  seen  what  wais 
unquestionably  a  genuine  crystal  from  this  new  land  of  gold;  an 
irregular  crystalline  plane  could  only  occasionally  be  traced  out  in 
former  specimens;  but  here  we  have  examples  of  crystallization, 
as  perfect  among  the  small  ones  especially,  as  are  to  be  seen  in  mag- 
netic iron  ore  or  in  spinelle.  The  most  striking  examples  on  a 
large  scale,  are  three  octahedrons  of  the  dimensions  of  the  accom- 
panying figures.    They  are  isolated  crystals,  and  the  smallest  one, 


# 


which  is  the  most  perfect,  is  so  entirely  free  from  any  adhering  por- 
tion of  the  matrix  to  which  it  must  have  been  attached,  as  to  lead 
me  to  believe  that  this  matrix  was  a  much  softer  material  than  the 
quartz  in  connection  with  which  the  gold  is  usually  found.  Al- 
though its  exact  locality  is  not  known,  it  is  probable,  as  indicated 
by  its  slightly  worn  appearance,  that  it  has  been  but  recently  dis- 
lodged from  its  original  resting  place.  This  crystal  presents  four 
pretty  regular  faces,  and  has  three  of  its  solid  angles  perfectly  form- 
ed to  a  point.  It  exhibits  no  modifications ;  but  two  of  its  faces 
are  depressed — one  of  them  by  a  very  deep  cavity  which  extends 
not  quite  to  the  edges  of  the  plane,  but  so  near  to  them  as  to  leave 
a  narrow  ridge,  or  border,  all  around  the  cavity  and  parallel  with 
the  edges,  thus  giving  the  same  triangular  outline  to  each.  It 
appears  as  if  the  crystal  had  been  in  a  liquid  state,  and  that  soon 
after  the  outside  had  congealed,  the  inner  portion,  or  a  part  of  it, 
had  run  out,  leaving  the  surrounding  consolidated  edge  just  re- 
ferred to.  I  have  seen  something  similar  to  this  formed  among 
artificial  crystals,  as  for  instance,  metallic  lead  (which  takes  the 
form  of  an  octahedron)  and  lead  ore  partially  desulphurized,  when 
the  metal  was  allowed  to  flow  off  slowly,  just  as  the  outer  crust 
had  formed  over  the  surface  of  the  crystals. 

The  large  crystal  presents  only  one  half  of  the  octahedron,  its 
base  blending  with  the  massive  gold,  or  only  indicating  the  in- 
cipient planes  of  the  lower  pyramid.  Three  of  its  planes  are 
perfectly  smooth  surfaces,  excepting  along  their  edges,  which  are 
prominently  marked  by  the  same  projecting  border  or  ridge  al- 
ready described  on  the  smaller  crystal.  This  border  may  have 
been  produced  in  the  same  manner  by  the  shrinking  away  of  the 
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tnefol,  or  it  may  be  the  result  of  that  kind  of  crystallization  which 
is  dependent  on  a  greater  intensity  of  molecular  attraction  in  one 
direction,  or  axis,  than  another.  It  would  seem  in  this  case,  as 
if  the  molecules  arrived  at  the  points  of  contact  along  the  edges 
of  the  crystal,  faster  than  they  could  be  appropriated,  and  thus 
they  have  accumulated  in  these  little  ridges.  This  peculiarity  is 
not  confined  to  the  large  crystals,  for  it  is  observed  even  among 
the  smallest ;  but  it  is  confined  to  the  unmodified  octahedrons. 
In  a  few  crystals,  there  is  a  double  series  of  these  ridges,  the 
inner  one  representing,  apparently,  the  commencement  of  another 
crystalline  face  within  the  cavity  of  the  larger  one.  This  is 
beautifully  shown  in  the  third  figure  on  the  last  page,  also  an- 
swering to  the  natural  size  of  the  crystal.* 

The  great  size  of  these  crystals,  and  the  fact  that  some  of  the 
cavities  contained  portions  of  oxyd  of  iron  probably  produced  by 
tlie  decomposition  of  pyrites,  have  led  some  to  regard  them  as 
pseudomorphs  of  sulphuret  of  iron.  I  am  not  disposed  to  ascribe 
any  such  forced  and  unnatural  origin  to  these  beautiful  produc- 
tions. I  believe  them  to  have  been  formed  under  the  ordinary 
circumstances  of  crystallization,  either  in  an  open  space,  or  while 
surrounded  by  a  matrix  so  soft  and  accommodating,  as  to  allow 
them  full  freedom  to  take  the  form  it  was  intended  they  should 
take.  Were  the  crystals  cubes,  there  might  be  some  reason  for 
regarding  them  in  the  light  of  pseudomorphs  of  iron  pyrites,  be- 
cause this  is  the  most  common  form  of  pyrites,  and,  moreover,  all 
the  pyrites  that  I  have  seen  from  California,  has  been  in  that 
form.  But,  we  may  well  ask,  who  has  ever  seen  even  a  cubic 
pseudomorph  of  gold  ?  Crystals  of  gold  are  rare,  cubes  particu- 
larly so,  and  yet  this  form,  on  account  of  its  simplicity,  is  made 
the  primary  form ;  whereas  it  would  seem  as  reasonable  in  cases 
of  the  regular  system,  to  select  that  form  as  the  primary  which 
is  most  commonly  and  perfectly  presented  by  the  mineral,  pro- 
vided there  is  no  cleavage  to  guide  us  in  the  determination ;  and 
there  does  not  appear  to  be  any,  well  made  out,  among  most 
of  the  native  metals.  By  assuming  those  which  most  commonly 
occur  in  nature,  we  seem  to  recognize  a  sort  of  inherent  disposi- 
tion, a  preference,  as  it  were,  which  is  shown  by  the  mineral  it- 
self; and  we  avoid  what  seems  to  be  a  palpable  inconsistency, 

*  The  two  large  crystals  above  described  were  obtained  fipom  the  very  choice  and 
beantiful  collection  of  spedmens,  made  with  great  care,  and  at  no  small  expense,  bj 
Mr.  Piatt  This  gentleman,  during  a  most  prosperous  residence  of  two  years  in  San 
Francisco,  and  while  occupying  a  situation  whidi  brought  him  into  daily  and  almost 
hourly  contact  with  persons  returning  from  the  mines,  has  evinced  his  good  taste  by 
purchasing  the  most  mteresting  specimens  obtained  by  them.  He  has  consequently 
been  rewarded  by  the  finest  amateur  collection  hitherto  brought  from  California.  It 
comprises  a  great  variety  of  ramified,  arborescent,  dendritic  and  other  imitative  forms, 
here  and  there  showing  crystalline  faces,  all  of  them  being  sometimes  most  fantas- 
tically joined  together  in  the  same  specimen.  He  informs  me  that  in  obtaining  this 
collectioD,  he  had  examined  gold  to  tlhe  amount  of  more  than  four  millions  of  dollars. 
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viz.,  the  establishing  of  a  cube  as  the  primary  form  of  minerali 
which  have  never  been  known  to  occur  under  such  form,  and 
which  even  present  a  distinct  octahedral  cleavage.  This  is  the 
case  with  two  at  least.  If  we  take  the  simplest  form,  the  cube 
should  be  made  the  primary  of  native  iron,  copper,  lead,  silver, 
and  mercury;  and  so  of  some  others,  which  occur  in  octahe- 
drons and  are  not  determined  by  any  certain  cleavage.  In  the 
case  of  copper,  some  authors  have  made  the  cube  its  primary.* 
Haiiy  (Traite,  1808)  even  expressed  his  doubts  as  to  the  existence 
of  cubic  gold,  while  he  cites  examples  of  the  octahedron ;  and 
Beudant,  (Min.,  1832,)  says  they  are  very  rare.f  Mohs  implies 
the  contrary,  for  he  says  (Min.  Ed.  by  Haidinger)  they  are  often 
hollow,  while  the  octahedrons  are  smooth.  Cleaveland  describes 
the  crystals  in  general  as  small  and  imperfect,  and  Nicol,  in  his 
late  work,  in  the  like  manner,  observes,  "  they  are  small  and  very 
small.''  I  hope  we  may  yet  say  of  our  California  gold  crystals, 
they  are  large  and  very  large,  as  much  for  the  benefit  of  miners 
alogists,  as  a  reward  to  the  industry  and  hard  toil  of  the  diggers. 
Crystals  of  rare  modifications. — Among  the  specimens  col- 
lected by  Mr.  Tyler,  I  have  found  several  rare  modifications  of 
this  metal,  such  as  come  to  us  in  their  most  perfect  forms  from 
Brazil.  I  here  give  figures  of  two  of  them.  One,  fig.  1,  (a,  6,  c,) 
1. 


represents  a  compound  form  produced  \y  the  union  of  two  op- 
posite sections,  or  segments,  of  an  emarginated  octahedron ;  a 
form  not  unfrequently  presented  by  octahedral  spinelle.  The 
other,  fig.  2,  has  the  apparent  form  of  irregular  six-sided  tables, 
with  truncated  edges,  and  is  a  modification  of  the  same  form. 
They  are  tolerably  well  represented  by  the  figures  referred  to, 
but  the  planes  of  the  dodecahedron  {e)  are  less  conspicuously  de- 
fined on  the  real  crystals,  owing  to  their  extreme  thinness,  and 
their  edges  being  rounded  off,  or  otherwise  disfigured.  For  this 
reason,  we  can  distinguish  but  two  of  the  primary  octahedral 
planes  on  any  of  these  crystals.     Crystals  somewhat  resembling 

*  Tbey  differ  in  regard  to  silyer  and  iron,  some  adopting  the  cube,  and  others  the 
octahedron,  as  the  primary. 

f  Oronstedt,  in  his  Mineralogy,  says,  "^I  have  procured  in  Transylvania  a  specimen 
of  cubic  native  gold,  but  I  have  never  seen  it  any  where  else.**  In  Levy's  enumer- 
ation of  the  splendid  Turner  collection  formed  by  Henry  Heuland,  eight  ^^n^m^^ 
are  g^ven  of  tne  re^^ular  octahedron,  and  only  two  of  the  cube,  one  of  tibeae  beiof 
from  the  very  locahty  Gronstedt  speaks  of. 
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fig.  2,  have  been  brought  from  Brazil  and  Siberia ;  they  had  the 
same  flattened  form  of  six-sided  tables,  but  they  are  the  result  of 
a  different  kind  of  modification,  and  are  not  macles.  Dufrenoy 
and  Levy,*  have  each  given  a  figure  of  a  very  perfect  example 
of  the  modification  here  referred  to  (tri/orme  of  Haiiy)  derived 
from  the  cube,  octahedron  and  dodecahedron  ;  and  I  was  at  first, 
inclined  to  regard  my  crystals  as  the  same,  only  more  deeply  trun- 
cated on  the  solid  angles  a,  as  lettered  by  Dufrenoy.  Further  ex- 
amination however,  proved  them  to  be  the  same  macled  combina- 
tion as  fig.  1,  with  the  additional  replacements  indicated  by  the  let- 
ters 6,  which  have  changed  the  triangular  faces  P,  and  the  whole 
crystal,  into  a  hexagonal  figure  as  above  represented.  These 
new  planes  are  sometimes  unequally  extended,  and  roughened 
by  inequalities,  while  the  primary  faces  P,  are  perfectly  smooth 
and  brUliant.f 

Some  of  the  unmodified  macles,  as  shown  in  different  positions 
by  fig.  1,  a,  b,  c,  are  very  distinctly  formed,  the  edges  between  cc, 
uniting  the  two  segments  of  the  octahedron,  being  well  defined. 
This  is  the  most  strikingly  shown 
on  the  largest  of  these  crystals,  the 
lowest  one  of  the  group  represented 
by  fig.  3.%  Owing  to  its  position,  it  is 
only  partially  visible  in  the  group  as 
here  drawn,  and  fig.  4  is  intended  to 
show  it  as  it  appears  on  the  opposite 
side  of  the  specimen  in  juxtaposition 
with  two  other  crystals,  one  a  very 
beautiful  and  smooth  planed  octahe- 
dron with  emarginated  edges.  Dufrenoy  has  described  a  macle 
of  gold  quite  similar  to  fig.  1,  and  it  may  be  seen  figured  in  the 
volume  of  elegant  and  copious  crystallographic  illustrations  which 
accompany  his  treatise. <^  It  came  from  Matto-Grosso,  in  Brazil, 
and  is  in  the  collection  of  the  School  of  Mines,  Paris.  It  differs 
from  the  example  here  described,  in  exhib-  ^ 

iting  more  of  the  planes  of  the  octahedron 
and  dodecahedron.  Fig.  5  is  a  copy  of  his 
figure,  but  regarding  the  octahedron  as  the 
primary  form  of  gold,  I  have,  besides  con- 
forming his  lettering  to  the  notation  of  Phil- 
lips, made  primary  planes  of  those  which 
he  gives  only  as  secondaries  of  the  cube. 

It  should  be  observed  that  as  nearly  all  of  these  crystals  show 
the  effects  of  more  or  less  abraded  action,  it  is  often  difficult  to 

•  Pig.  576,  plate  144,  of  DufWnoy'g,  and  ^.  8,  plate  47»  of  Levy's  Atlas  of  Plates. 
f  Id  the  Turner  collection  there  is  a  single  macle  crystal  answering  almost  exactlj 
to  fig.  2,  and  Levy  has  figured  it  in  his  Atlas,  plate  47,  fig.  4. 

i  This  group  represents  the  figures  as  magnified  to  about  twice  their  natural  siae, 

g  Atlas,  plate  146,  fig.  681. 

Stoom  Sbuxs^VoL  X,  No.  28.— July,  1850.  14 
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distinguish  planes  confined  within  such  narrow  limits,  and  which 
are  too  small  or  too  rough  to  admit  of  accurate  measurement. 
We  can  hardly  expect  to  see  many  perfect  crystals  from  Cali- 
fornia, until  the  rocks  themselves  are  systematically  explored, 
from  whence  have  proceeded  the  millions  of  fragments  that  are 
now  scattered  over  the  plains  and  valleys.  We  may  then,  from 
the  indications  already  afforded,  look  for  crystals  of  gigantic  di- 
mensions, and  possessing  all  their  native  unaltered  beauty. 

Boston,  May  17,  1850. 


SCIENTIFIC     INTELLIGENCE. 

I.  Chemistry  and  Physics. 

1.  On  the  Diffusion  of  Liquids ;  by  Professor  Graham,  F.R.S., 
(Proc.  Roy.  See,  Phil.  Mag.,  Feb.,  1850,  vol.  xxxvi,  p.  139.)— The  ap- 
paratus used  ia  studying  the  diffusion  of  salts  and  other  substances  into 
water  w£ls  very  simple.  It  consisted  of  an  open  phial  to  contain  the 
solution  of  the  salt  to  be  diffused,  which  was  entirely  immersed  in  a 
large  jar  of  pure  water,  so  that  the  solut'ion  in  the  phial  communicated 
freely  with  the  latter.  Phials  cast  in  a  mould  of  the  capacity  of  four 
ounces  of  water,  or  more  nearly  2000  grains,  were  generally  employed, 
which  were  ground  down  to  a  uniform  height  of  3-8  inches.  The  neck 
was  0*5  inch  in  depth,  and  the  aperture  or  mouth  of  the  phial  1*25  inch 
in  diameter.  The  phial  was  filled  up  with  the  solution  to  be  diffused 
till  it  reached  the  point  of  a  pin  dipping  exactly  0*5  inch  into  the  mouth 
of  the  bottle.  This  being  the  solution  cell  or  bottle,  and  the  external 
jar  the  "  water-jar,"  the  pair  together  form  a  "  diffusion  cell."  The 
diffusion  was  stopped,  generally  after  seven  or  eight  days,  by  closing 
the  mouth  of  the  phial  with  a  plate  of  glass,  and  then  raising  it  out  of 
the  water-jar.  The  quantity  of  salt  which  had  found  its  way  into  the 
water-jar — the  diffusion  product  as  it  was  called — was  then  determined 
by  evaporating  to  dryness. 

The  characters  of  liquid  diffusion  were  first  examined  in  detail  with 
reference  to  common  salt 

It  was  found,  first,  that  with  solutions  containing  1,  2,  3  and  4  per 
cent,  of  salt,  the  quantities  which  diffused  out  of  the  phials  into  the  wa- 
ter of  the  jars,  and  were  obtained  by  evaporating  the  latter,  in  a  con- 
stant period  of  eight  days,  were  as  nearly  in  proportion  to  these  num- 
bers, as  1,  1*99,  301  and  4*00;  and  that  in  repetitions  of  the  experi- 
ments, the  results  did  not  vary  more  than  ^th  part.  The  proportion 
of  salt  which  diffused  out  in  such  experiments  amounted  to  about  ^th 
of  the  whole. 

Secondly,  that  the  proportion  of  salt  diffused  increases  with  the  tem- 
perature ;  an  elevation  of  80°  F.  doubling  the  quantity  of  chlorid  of  so- 
dium diffused  in  the  same  time. 

The  diffusibility  of  a  variety  of  substances  was  next  compared,  a 
solution  of  20  parts  of  the  substance  in  100  water  being  always  used. 
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Some  of  the  results  are  as  follows,  the  quantities  diffused  beiog  ex- 
pressed in  grains :  chlorid  of  sodium  58*68,  sulphate  of  magnesia  27*42, 
sulphate  of  water  6932,  crystallized  cane-sugar  26*74,  starch-sugar 
26*94,  gum-arabic  13-24,  albumen  3*03.  The  low  diffusibility  of  albu- 
men is  very  remarkable,  and  the  value  of  this  property  in  retaining  the 
serous  fluids  within  the  blood-vessels  at  once  suggests  itself.  It  was 
further  observed,  that  common  salt,  sugar  and  urea,  added  to  the  albu- 
men under  diffusion,  diffused  away  from  the  latter  as  readily  as  from 
their  aqueous  solutions.  Urea  itself  is  as  highly  diffusible  as  chlorid 
of  sodium. 

In  comparing  the  diffusion  of  salts  dissolved  in  10  times  their  weight 
of  water,  it  was  found  that  isomorphous  compounds  generally  had  an 
equal  diffusibility,  chlorid  of  potassium  corresponding  with  chlorid  of 
ammonium,  nitrate  of  potash  with  nitrate  of  ammonia,  and  sulphate  of 
magnesia  with  sulphate  of  zinc.  The  most  remarkable  circumstance 
is  that  these  pairs  are  ^'  equi-diffusive,''  not  for  chemically  equivalent 
quantities,  but  for  equal  weights  simply.  The  acids  differed  greatly  in 
diffusibility,  nitric  acid  being  nearly  four  times  more  diffusive  than  phos- 
phoric acid ;  but  these  substances  also  fell  into  groups,  nitric  and  hy- 
drochloric acids  appearing  to  be  equally  diffusive ;  so  also  acetic  and 
sulphuric  acids.  Soluble  sub*salt8  and  the  ammoniated  salts  of  the 
metals  present  a  surprisingly  low  diffusibility ;  the  quantities  diffused  in 
similar  circumstances  of  the  three  salts,  sulphate  of  ammonia,  sulphate 
of  copper,  and  the  blue  ammonio-sulphate  of  copper  being  very  nearly 
as  8,  4  and  1. 

When  two  salts  are  mixed  in  the  isolution-cell,  they  diffuse  out  into 
the  water  atmosphere  separately  and  independently  of  each  other,  ac- 
cording to  their  individual  diffusibilities.  This  is  quite  analogous  to  what 
happens  when  mixed  gases  are  diffused  into  air.  An  important  con- 
sequence is,  that  in  liquid  diffusion  we  have  a  new  method  of  separation 
or  analysis  for  many  soluble  bodies,  quite  analogous  in  principle  to  the 
separation  of  unequally  volatile  subBtances  in  the  process  of  distillation. 
Thus,  it  was  shown  that  chlorids  diffuse  out  from  sulphates  and  carbon- 
ates, and  salts  of  potash  from  salts  of  soda ;  and  that  from  sea-water 
the  salts  of  soda  diffuse  out  into  pure  water  faster  than  the  salts  of  mag- 
nesia. The  latter  circumstance  was  applied  to  explain  the  discordant 
results  which  have  been  obtained  by  different  chemists  in  the  analyses 
of  the  water  of  the  Dead  Sea,  taken  near  the  surface ;  the  different 
salts  diffusing  up  into  the  sheet  of  fresh  water,  with  whieh  the  lake  is 
periodically  covered,  with  unequal  velocity. 

It  was  further  shown  that  chemical  decompositions  may  be  produced 
by  liquid  diffusion ;  the  constituents  of  a  double  salt  of  so  much  sta- 
bility as  common  alum  being  separated,  and  the  sulphate  of  potash 
diffusing  in  the  largest  proportion.  In  fact  the  diffusive  force  is  one  of 
great  energy,  and  quite  as  capable  of  breaking  up  compounds  as  the 
unequal  volatility  of  their  constituents.  Many  empirical  operations  in  the 
chemical  arts,  it  was  said,  have  their  foundation  in  such  decompositions. 

Again,  one  salt,  such  as  nitrate  of  potash,  will  diffuse  into  a  solution 
of  another  salt,  such  as  nitrate  of  ammonia,  as  rapidly  as  into  pure  wa- 
ter; the  salts  appearing  mutually  diffusible,  as  gases  are  known  to  be. 

I.«astly,  the  diffusibilities  of  the  salts  into  water,  like  those  of  the 
gases  into  air,  appear  to  be  connected  by  simple  numerical  relations. 
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Tbete  relatioDS  are  best  observed  when  dilute  solutions  of  the  salts  are 
diffused  from  the  solution^cell,  such  as  4,  2  or  even  1  per  cent,  of  salt 
The  quaatities  diffused  id  the  same  time  from  4  per  cent,  solutions  of 
the  three  salts,  carbonate  of  potash,  sulphate  of  potash,  and  sulphate  of 
ammonia,  were  10*25,  10*57,  and  10*51  grains  respectively ;  and  a  sim* 
ilar  approach  to  equality  was  observed  in  the  1,  2,  and  6f  per  cent,  so* 
lutions  of  the  same  salts.  It  also  held  at  different  temperatures.  The 
acetate  of  potash  appeared  to  coincide  in  diffusibility  with  the  same 
group,  and  so  did  the  ferrocyanid  of  potassium.  The  nitrate  of  pot- 
ash,  chlorate  of  potash,  nitrate  of  ammonia,  chlorid  of  potassium 
and  chlorid  of  ammonium  formed  another  equi-diffusive  group.  The 
times  in  which  an  equal  amount  of  diffusion  took  place  in  these  two 
group  appear  to  be  as  1  for  the  second  to  1*4142  for  the  first,  or  as  1 
to  the  square  root  of  2.  Now  in  cases,  the  squares  of  the  times  of 
equal  diffusion  are  the  densities  of  the  gases.  The  relation  between 
the  sulphate  of  potash  and  nitrate  of  potash  groups  would  therefore  fall, 
to  be  referred  to  the  diffusion  molecule  or  diffusion  vapor  of  the  first 
^up  having  a  density  represented  by  2,  while  that  of  the  second  group 
18  represented  by  1. 

The  corresponding  salts  of  soda  appeared  to  fall  into  a  nitrate  and 
sulphate  group  also,  which  have  the  same  relation  to  each  other  as  the 
potash  salts. 

The  relation  of  the  salts  of  potash  to  those  of  soda,  in  times  of  equal 
diffusibility,  appeared  to  be  as  the  square  root  of  2  to  the  square  root 
of  3 ;  which  gives  the  relation  in  density  of  their  diffusion  molecules, 
as  2  to  3.  Hydrate  of  potash  and  sulphate  of  magnesia  were  less  fully 
examined,  but  the  first  presented  sensibly  double  the  diffusibility  of  sul- 
phate of  potash,  and  four  times  the  diffusibility  of  the  sulphate  of  mag- 
nesia. If  these  times  are  all  squared,  the  following  remarkable  ratios 
are  obtained  for  the  densities  of  the  diffusion  molecules  of  these  difier<* 
ent  salts,  each  of  which  is  the  type  of  a  class  of  salts,  hydrate  of  pot- 
ash 1,  nitrate  of  potash  2,  sulphate  of  potash  4,  sulphate  of  magnesia  16, 
with  nitrate  of  soda  3,  and  sulphate  of  soda  6. 

In  conclusion,  it  was  observed,  that  it  is  these  difibsion  molecules  of 
the  salts  which  are  concerned  in  solubility,  and  not  the  Daltonian  atoms 
or  equivalents  of  chemical  combination ;  and  the  application  was  indi- 
cated of  the  knowledge  of  the  difiltisibilities  of  dififerent  substances  to  a 
proper  study  of  endosmose. 

2.  On  the  Occurrence  of  Formic  Acid  in  Stinging  Nettles ;  by  Dr. 
Gorup-Besanbz,  (Journ.  fiir  Prakt.  Chem.,  xlviii,  p.  191 ;  Chem.  Gaz., 
Jan.  1,  1650,  p.  8. — Some  time  ago,  F.  Will  showed,  by  microchemi- 
cal  and  microscopical  experiments,  that  the  fluid  in  the  hairs  of  the  so- 
ealled  procession-caterpillar  (Bomhyx  processionaria)^  which  causes  an 
infiammatbn  of  the  skin,  as  well  as  the  liquid  in  the  poisonous  or- 
gans of  some  insects,  is  nothing  else  than  formic  acid.  It  became 
highly  probable  therefore  that  formic  acid  would  also  occur  in  the  veg- 
etable kingdom  already  formed;  and  the  first  class  of  plants  which 
was  thought  of  was  that  which,  by  orieans  of  stinging  hairs  of  similar 
organs,  produces  an  analogous  effect  to  the  sting  of  certain  insects. 

About  a  pound  of  the  collected  plants  Vrtica  wrens  and  dioica^  was 
cut  small  and  pressed,  and  submitted  to  distillation  with  about  four  tinoes 
the  quantity  of  water  and  a  few  drops  of  concentrated  sulphuric  acid. 
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The  distillate  was  opalescent ;  a  few  oil-drops  floated  on  its  surface ; 
it  bad  a  very  oflensive  odor  and  a  scarcely  perceptible  acid  reaction. 
Mixed  witb  carbonate  of  soda  and  evaporated  to  dryness  in  the  water* 
bath,  it  furnished  a  brownish  mass,  a  very  small  portion  of  which  was 
deliquescent,  the  greater  part  consisting  of  the  excess  of  carbonate 
of  soda. 

This  mass  was  now  very  cfiiitioiiafy  decomposed  in  a  glass  retort  by 
the  gradual  addition  of  dilute  sulphuric  acid^  when  a  dlsiinctly  acid  dis- 
tillate waa  obtained  in  the  well-cooled  receivarn,  which,  neuirulized  with 
ammooiaHi  gave  all  the  reaclioiia  characterishc  of  formic  acid.  This  ex^ 
periment  however  did  not  appear  to  me  to  fornish  a  satiifdctory  proof 
of  the  presence  of  ready- formed  formic  acid  in  the  plant,  as  formic 
acid  can  be  prodmed  from  the  most  ditferent  organic  substances  by  con- 
centrdted  iulphuric  actd  ;  and  It  was  possible  that  in  the  present  case 
the  formic  acid  might  have  been  produced  by  decomposition  towards 
the  end  of  the  operaijon* 

Five  pounds  of  stinging  nettles  were  therefore  distilled  with  a  corres- 
ponding quantity  of  water  without  any  addition  of  sulphuric  acid^  and 
a  product  obtained  perfectly  similar  to  the  one  above  menlioneti  It 
was  neutralized  with  carbonate  of  soda,  evaporated  to  dryness,  the  res- 
idue decomposed  with  dilute  sulphuric  acid^  and  the  acid  distillate  di- 
gested with  carbonate  of  lime,  in  order  to  avoid  the  excess  of  carbonic 
acid  and  excess  of  alkali,  which  rendered  the  reactions  very  indistinct^ 
and  filtered.  The  yellowish  solution,  concentrated  in  the  water- baih, 
proved  to  be  formiate  of  lime*  It  reduced  sails  of  silver  and  mercury, 
gave  with  sulphuric  acid  the  characteristic  odor  of  formic  aeid^  and 
with  sulphuric  acid  and  alcohol  the  siill  more  characteristic  smell  of  for^ 
mic  ether;  oxalate  of  ammooia  showed  the  presence  of  lime. 

The  amount  of  formic  acid  present  in  stinging  nettles  Is  certainly 
small  I  but  this  will  not  appear  surprising,  if  we  suppose  that  this  acid 
is  contained  only  in  the  stinging  hairs,  an  assumption  which  is  eonBrm^ 
ed  by  the  microscopic  observations  of  Will  and  Lucas.  VVhen,  for  in- 
stance, solution  of  silver  is  added  to  the  plant  under  the  microscope^ 
and  a  gentle  heat  applied,  reduction  always  first  occurs  at  the  extremity 
of  the  Slinging  hair. 

3.  Method  of  Preparing  Theine ;  by  H.  Heenstus^  (Scbeidk.  On- 
derzoek.,  part  v,  p,  2lH ;  Chem,  Gaz.,  March  15,  1850,  p.  113.) — Sien« 
house  has  recommended  the  preparation  of  theine  from  the  extract 
of  tea  according  to  Mohr^s  method.  The  following  is  still  more  sim- 
ple :— Old  spoiled  tea  is  placed  in  an  iron  pot,  which  is  covered  with 
filtenog-paper,  and  the  whole  then  covered  with  a  cylindrical  paper 
cap.  The  temperature  is  now  cautiously  and  gmdually  raised,  when  a 
suf^cient  quantity  of  pure  theine  will  be  found  to  have  collected  on  the 
paper. 

4.  Tea  of  the  Presence  of  Sugar ;  (L'lnslilut,  No.  846.} — M,  Man* 
mene  has  mentioned  a  new  reagent  for  ascertaining  the  presence  of 
sug^r  in  certain  liquids.  It  is  the  brchlorid  of  tin.  He  antionncc?s  his 
baring  olsserved,  contrary  to  the  statement  of  Lie  big,  that  the  chlorid 
acts  on  sugar  even  in  ihe  dry  state.  A  temperature  of  only  100*  C,  is 
necessary  for  determining  the  reaction  \  and  even  in  the  cold  it  is  pro* 
duced  after  some  time.    In  either  case  it  forms  a  brown  matter  partly 
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soluble  ID  water— Tcaramel — which  is  brilliant  black  when  dried.  If 
the  solution  of  sugar  and  bichlorid  of  tin  are  lefl  to  spontaneous  evap- 
oration at  the  ordinary  temperature,  the  color  soon  becomes  brown,  and 
gradually  deepens ;  and  at  the  end  of  a  year  or  eighteen  months,  it  is 
changed  to  a  uniform  jelly  of  a  lustrous  black  color.  The  same  result 
takes  place  more  rapidly  on  evaporating  the  solution  by  heat. 

A  test  cloth  of  some  woollen  fabric,  such  as  white  merino,  is  to  be 
applied  for  three  or  four  minutes  in  a  solution  of  one  pint  bichlorid  of 
tin  and  two  pints  of  water,  the  liquid  allowed  to  drain  off  and  the  merino 
dried  in  a  water- bath.  For  testing  urine,  a  drop  of  the  urine  is  to  be 
put  on  a  strip  of  the  stuff,  and  held  over  a  red  hot  charcoal  or  a  candle, 
the  presence  of  sugar  is  detected  by  a  black  stain. 

Such  is  the  delicacy  of  this  test  that  ten  drops  of  diabetic  urine  in 
about  six  cubic  inches  of  water  are  capable  of  staining  the  merino  a 
brownish  black.  Paper,  linen,  etc.,  being  darkened  by  the  chlorid  can- 
not be  used  in  place  of  wool.  Ordinary  urine  and  its  constituents  are 
not  darkened  by  this  test. 

Bichlorid  of  mercury,  chlorid  of  antimony,  and  other  chlorids  may 
be  used  in  place  of  bichlorid  of  tin.  They  act  by  depriving  the  sugar 
of  water  and  forming  a  caramel  containing  more  carbon  than  ordinary 
caramel.  Different  sugars  act  in  the  same  manner,  and  other  analogous 
compounds,  as  ligneous  fibre,  cotton,  paper,  starch. 

The  author  also  suggests  that  the  reaction  of  sugar  and  oxyrouriate 
of  tin  may  produce  a  brown  paint  that  will  become  very  important  in 
the  arts. 

5.  On  Iodine  in  fresh  water  Plants ;  by  Ad.  Chatin,  (L'Institut, 
847.) — It  is  known  that  iodine  has  been  detected  by  Miiller  in  the  cress, 
"  Nasturtium  officinales^'*  a  fresh  water  plant.  But  it  does  not  appear 
to  be  understood  that  it  occurs  also  in  other  plants  growing  in  fresh  wa- 
ters. M.  Chatin  has  examined  numerous  species,  growing  apart  from 
any  saline  waters  or  sources,  and  has  ascertained  that  it  is  of  frequent 
occurrence.  He  examined  with  success  the  cress  about  Paris,  and  on 
extending  his  researches,  found  it  in  the  following  species. 

Iodine  reaction. 

Potamogeton  crispuniy  stagnant  waters  of  Gentilly,  traces. 

^'             pectinatum^  the  Seine,  near  St  Cloud,  strong. 

Arundo  phragmites^  marshes  near  Meudon,        .         .  traces. 

'^              '*          marshes  of  St  Quentin,    •         .         .  strong. 

Scirpus  lacustrisy  Meudon, traces. 

"            "        St.  Quentin, strong. 

Typha  latifolia^  Si.  Quentin,     .....  " 

Littorella  lacustris^  St  Quentin, " 

Ranunculus  aquatilis  var.  heterophyllus^  pools  of  water 

of  Satory, traces. 

Sagittaria  sagittifolia^  the  Seine,  near  Neuilly,     .         .  strong. 

Chora  fcetida^  turfy  waters,  Gentilly,         •         .         .  traces. 

Conferva  crispata^  Seine,  near  St.  Cloud,       .         .         •  strong. 

Pontinalis  antipyretica^  pond  near  Charenton,            .  " 

Nasturtium  amphibium^  Meudon,           ....  traces. 

Graliola  officinalis  of  commerce,      ....  ct          . 

Menyanthes  trifoliata^  Meudon, " 
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Oliitna  plantago^  Meudon, traces. 

SlnUiotes  dUrides^  pood,  Marly, ^^ 

Acorus  calamus  of  commerce,  ....  ^^ 

Veronica  beccabunga  of  commerce,      ....  " 

Fhcllandrium  aquaticum  of  commerce,  the  fruit,        .  ^^ 

Inula  helenium  of  commerce, '' 

Symphytum  officinale  of  commerce,  ...  ^' 

Rumex  nemorosus^  swamp  on  the  Seine,  near  Neuilly,    .         ^' 
Paleiiiilla  anserina^    '"  *^  ** 

Poieniilla  mpiua^  marsh,  St.  Quentin,  .         .         •  ** 

pQlygonum  hydropiper  of  commerce,        .         .         .  '• 

Mr,  Chatia  concludes  : — 

(1.)  That  those  plants  growing  in  running  waters^  or  on  the  borders 
of  large  bodies  of  water  which  may  be  strongly  agitated  by  llie  windsj 
Gontain  rnorc  iodine  than  those  of  stagnant  waterB- 

{%)  That  the  proportion  is  very  small  in  species  that  are  imperfectly 
suhmergffd  or  only  at  intervals. 

(3.)  That  the  proportion  of  iodine  appears  to  be  independent  of  the 
nature  of  the  plant  or  its  place  in  the  natural  system. 

The  aoti'scrofulous  etlects  of  the  cress^  Veronica,  PheUandrium,  (fee*, 
are  explained  by  the  presence  of  iodine. 

6,  Analysis  of  certain  gold'Colared  Bronze  Antiquities  found  at 
Don?ris^  near  Farso7tsiownj  in  the  King-s  Coufity^  Ireland ;  by  Thos.  L, 
Cooke,  (Royal  Irish  Acad,  ;  Chem.  Ga^.,  No.  ISl,  p.  1 76. )^The arti- 
cles were  part  of  a  cell  and  a  portion  of  a  horn.  The  golden  hue  of 
these  ancient  bronzes  suggested  to  some  the  idea  of  an  admixture  of 
zinc  I  an  ingredient  never  yet  observed  In  ancient  bronzes.  Buch  was 
not  the  fact,  as  may  be  seen  from  the  analysis.  The  specific  gravity 
of  the  celt  was  8^767.  The  author  details  his  process  for  «e  pa  rating 
copper,  tin  and  lead»  wbich  ii  is  unnecessary  to  repeat  at  present* 

This  cpK  cDDiiist«tl  of  Thf  hi^rn  ri!>ne.ifflt(.1!  of 

Copper,  .  85232  .  *         79345 

Tin,      .  .  13  112  .  •         10  873 

Lead,  ,  M42  .  .  9115 

Sulphur  and  carbon,       0-150  .  , 

Loss  ,  0'Be4—im.  .  0  667=100. 

The  ttuibor  notices  the  loss  of  cop  fie  r  in  the  vapor  of  nitrous  acid, 
which  he  endeavored  to  avoid  by  passing  the  gas  evolved  in  the  action 
of  the  nitric  acid  on  the  alloy  (contained  in  a  small  tubulated  retort) 
through  ammonia  solution  in  small  WoulTs  boitles.  He  a  tea  notices 
the  very  fine  qualities  of  toughness  and  of  hardening  acquired  by  this 
alloy  when  hammered,  enabling  it  to  cut  not  only  flesh  but  even  bone. 
It  also  takes  a  line  polish^ 

7*  Manniie^  its  atomic  Weight  and  Compounds ;  by  Dr,  W.  Kisop, 
(Pharm-Cent,  Blatt,,  Nov,,  1849,  and  Jan,,  1850 ;  Chem.  Gaz.,  Mar.  let, 
and  April  15th,  1850.) — ^The  author  shows  that  the  lead  compounds  of 
Favre  are  mere  mixtures  of  basic  lead  salts  with  iincombined  mannite, 
and  therefore  give  no  aid  in  determining  the  atomic  weight.  No  eombi- 
natioDs  with  acids  seem  to  give  a  favorable  resuh — but  at  last  a  com- 
pound of  formic  acid  was  obtained,  curious  for  the  manner  of  its  for* 
mation.    Crystallized  oxalic  acid  and  mannite  fused  together  at  230"", 
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and  theo  allowed  to  remaiD  for  several  hours  at  about  212^,  gave  off 
large  quaDtities  of  formic  and  carbonic  acids.  The  nearly  colorless 
syrup  cooled  to  a  transparent  mass,  soluble  in  alcohol  of  0*83,  in  which 
mannite  is  nearly  insoluble.  The  solution  soon  decomposes  into  formic 
acid  and  mannite.  No  true  salts  would  be  formed,  but  the  compound 
was  found  to  be  one  equiv.  of  formic  acid  and  one  of  mannite  estima- 
ted at  Ce  Hj  Og. 

The  author  in  his  first  paper  points  out  the  nitric  mannite  as  most 
suitable  for  determining  the  atomic  weight.  In  his  second  paper  he  dis- 
cusses the  analysis  of  Strecker,  and  agrees  with  him  that  it  is  sex-ni- 
trated, its  formula  will  then  be  C,2  Hg  Oja+ONO^.  The  reduction 
by  metals  and  by  sulphuret  of  ammonium  is  so  unlike  that  of  ordinary 
nitric  compounds,  that  Dr.  Knop  brings  it  as  a  proof,  that  nitric  acid  is 
contained  as  such,  and  not  as  hyponitric  acid.  It  must  be  remembered 
however,  that  chemists  do  not  generally  consider  that  hyponitric  acid 
as  such,  is  contained  in  these  compounds. 

For  the  preparation  of  explosive  mannite  the  process  of  Stenhouse 
is  said  to  be  the  best.  Mannite  is  to  be  dissolved  in  very  cold  fu- 
ming nitric  acid  in  the  proportion  of  half  an  ounce  to  2  ounces  of  acid — 
cold  sulphuric  acid  is  then  added,  until  white  grains  cease  to  deposite. 
The  mixture  to  be  poured  into  a  large  quantity  of  water — the  crude 
product  dissolved  in  boiling  alcohol  and  again  poured  into  a  quantity  of 
cold  water — after  some  time  the  mannite  cakes  and  may  be  filtered  and 
washed.  G.  C.  Schaefpeb. 

8.  On  Dtdcosey  a  Homologue  of  Chrape  Sugar;  by  A.  Laurent, 
(Comptes  Rendus,  Jan.,  1850.) — This  is  a  new  sugar  from  Madagascar, 
of  uncertain  origin.  After  fusion  its  formula  is  Cjg  Hjg  O24,  differing 
from  grape  sugar  by  C^  H^.  When  dissolved,  it  takes  up  3  equiva- 
lents of  water.  A  crystallized  compound  has  been  obtained  with  4 
equiv.  of  water. 

By  the  action  of  nitric  acid  on  dulcose,  mucic  acid  is  formed.  This 
sugar,  which  has  but  a  slightly  sweetish  taste,  is  said  to  be  without  ac- 
tion on  polarized  light  and  to  be  incapable  of  alcoholic  fermentatioD. 

According  to  Gerhardt,  the  erythro-mannite  obtained  by  Dr.  Sten- 
house, from  certain  lichen,  may,  on  the  supposition  of  a  slight  error  in 
the  analysis,  be  considered  as  a  homologue  of  mannite,  which  it  re- 
sembles in  its  properties.  This  view  however,  would  make  the  com- 
pounds with  nitric  acid,  sex-nitric  instead  of  quinqui-nitric,  as  stated  by 
Dr.  Stenhouse.  Since  the  discovery  of  Strecker  that  nitric  mannite  is 
in  fact,  sex-nitric,  this  supposition  becomes  highly  probable. 

The  discovery  of  a  homologue  of  sugar  opens  a  new  field  of  enqui- 
ry, while  it  gives  additional  confirmation,  if  any  were  needed,  to  the 
views  of  MM.  Gerhardt  and  Laurent  on  this  subject  It  is  possible  that 
some  of  the  known  varieties  of  sugar,  may,  on  more  careful  examina- 
tion, prove  additional  examples  of  homologues.  o.  c.  a. 

Among  other  recent  investigations  in  connection  with  the  subject  of 
sugar  we  may  mention  the  following : — 

9.  Sugar  in  the  Liver, — Bequard  and  Barreswill  have  demonstra- 
ted the  presence  of  sugar  in  the  liver  of  animals,  eveq  where  saccharine 
or  amylaceous  food  forms  no  part  of  their  diet  It  is  found  in  no  other 
organ.  e.  c.  s. 
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10.  Sugars  of  Hoymj^.— M.  Soubbiran  has  demonstrated  the  presence 
of  three  sugars  in  honey.  1st,  ordinary  glucose.  2nd,  a  sugar  with  right 
handed  rotation,  and  alterable  by  acids.  3d,  a  sugar  with  left  banded 
rotation  to  an  amount  nearly  double  that  of  the  last.  This  is  called 
liquid  sugar  of  honey  ;  it  is  uncrystallizable,  may  be  converted  into 
transparent  solid  sugar  which  melts  with  great  ease ;  it  is  easily  act- 
ed upon  and  destroyed  by  alkalies.  This  sugar  has  been  kept  for  years 
without  change  or  crystallization.  6.  c.  s. 

1 1.  Sugar  in  thejlowers  of  Rhododendron  ponticum, — Dr.  B.  Slhahbr 
has  proved  that  this  is  pure  cane  sugar.  The  honey  collected  by  bees 
from  these  flowers  is  said  by  Tournefort  to  possess  narcotic  properties. 
No  such  substance  however  could  be  obtained  by  the  author,  and  not  a 
trace  of  nitrogen  could  be  detected.  o.  c.  8. 

12.  Sugar  of  milk  in  the  Cotyledons  of  seeds, — H.  Braconnot  states 
that  be  has  determined  the  presence  of  sugar  in  the  cotyledons  of 
the  acorn  and  other  seeds,  and  also  of  the  other  constituents  of  milk* 
These  substances  being  found  in  the  %^^  we  have  a  remarkable  analogy 
in  the  instrument  provided  for  the  infant  animal  and  plant.  g.  c.  s. 

13.  Production  of  Sugar  in  the  urine  by  wounding  the  brain, — M.  Ber- 
nard has  found  that  by  wounding  a  certain  portion  of  the  floor  of  the 
fourth  ventricle,  the  urine  in  an  hour  and  a  half  or  two  hours,  resem- 
bles that  of  diabetes,  becoming  clear  and  abundant  with  a  very  large 
quantity  of  sugar  in  solution.  The  blood  also  contains  a  large  quantity 
of  sugar.  The  portion  of  the  fourth  ventricle  in  which  a  wound  produces 
this  eflect,  is  confined  to  a  small  space  a  little  above  the  origin  of  the 
8th  pair  of  nerves. 

The  results  of  this  curious  discovery  promise  to  throw  new  light  upon 
the  process  of  digestion.  o.  c.  s. 

II.  Mineralogy  and  Geology. 

1.  Notice  of  Trilobites  in  the  Cabinet  of  Dr,  Julius  S.  Taylor ^  (in 
ft  letter  addressed  l^y  Dr,  Taylor  to  the  Editors.) — Believing  that  any 
information  upon  the  subject  of  trilobites  is  at  all  times  acceptable  to  the 
scientific  world,  I  venture  to  tell  you  of  a  remarkable  portion  of  one 
found  a  few  days  past  by  me.  It  is  an  '^  Isotelus  megistos,*'  and  I  think 
presents  the  most  remarkable  evidence  of  their  gigantic  size,  of  any 
specimen  now  extant.  It  was  found  in  our  blue  limestone  strata,  and 
presents  the  tail  or  '^  post-abdomen,'*  and  seven  of  the  segments  across 
the  back,  nearly  entire.  Its  width  is  9^  inches,  and  its  length  a  little  ex- 
ceeds this.  Thus  you  perceive,  that  if  we  had  the  other  segment  and  the 
head,  we  should  have  one  entire  that  would  measure  at  least  16^  inches 
in  length  and  9}  in  breadth  ! 

I  see  that  Mr.  Barrande  of  Prague  is  of  the  opinion  that  trilobites 
change  greatly  according  to  age.  Of  the  correctness  of  that  opinion 
I  should  have  some  doubts,  as  f  have  a  variety  of  the  Isotelus  megistos 
from  half  an  inch,  up  to  the  gigantic  one  above  mentioned,  and  1  find 
DO  diflference  in  them  either  in  proportions  or  segments,  each  having 
eight,  and  each  portion  being  equal  in  length.  I  have  also  numerous 
specimens  of  the  Calymene  senaria,  from  the  eize  of  the  smallest  pea  up 
to  the  size  of  one  inch  in  width,  and  in  them  I  fipd  do  difl*erence.    And 
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of  several  other  varieties,  I  have  many  portions  of  difierent  ages,  all  of 
which  have  exact  resemblance.  Of  the  Calymene  Blumenbachii,  I 
have  them  from  one  inch  to  three  and  a  half  in  length,  more  or  less 
perfect,  and  in  them  I  find  no  change  in  appearance.  Thus  it  would 
appear  that  in  our  varieties,  at  least,  we  have  no  metamorphosis  of  the 
earliest  of  the  moving  animals.  However,  I  have  not  seen  his  work, 
and  the  notice  of  it  may  be  too  short  to  give  a  correct  idea  of  what 
he  means. 

Garrolton,  Montgomery  Co^  Ohio,  April  18, 1850. 

2.  Observations  on  Ihe  Mica  Family ;  by  J.  D.  Dana. — ^The  Mica  fam« 
ily  includes  nuiny  distinct  compounds  formerly  confounded,  and  the  old 
names  have  on  this  account  become  inapplicable.  The  species  Ohliqwt 
or  Potash  mica  is  not  the  only  oblique  or  potash  mica,  and  some  other 
appellation  for  this  species  has  become  necessary ;  and  the  writer  has 
therefore  adopted  in  his  system  of  Mineralogy  the  name  Muscovite  from 
its  comnnon  appellation,  Muscovy  glass.  The  other  species  have  simi- 
lar distinctive  appellations,  as  BiolUe^  for  hexagonal  mica,  Phlogopite 
for  a  trimetric  mica,  Margarodite  for  a  second  potash  or  oblique  mica, 
etc. ;  and  it  is  probable  that  several  other  species  besides  those  now 
known,  are  yet  to  be  distinguished. 

The  following  observations  on  the  different  kinds  of  mica  are  maio- 
)y  from  the  volume  just  referred  to. 

Rammelsberg  in  his  4th  Supplement  (p.  76)  has  calculated  anew  the 
several  analyses  of  musco/ite,  and  lays  down  the  formulas  of  the  va- 
rieties. But  by  son>e  oversight,  he  makes  the  ratio  for  the  oxygen  of  the 
protoxyds,  peroxyds  and  silica,  I  :  12  :  15  equal  to  f  :  9  :  12,  as  if  4  : 
6  equals  3:4;  and  the  formula  deduced  is  that  based  on  the  former 
ratio.  As  the  point  is  of  some  importance,  we  give  here  the  ratios  from 
his  calculations,  making  the  oxygen  of  the  alumina  12,  for  better  com- 
parison with  that  of  the  silica  as  well  as  the  protoxyds.  A  slight  va- 
riation in  the  protoxyds,  whether  from  impurity  or  not,  varies  largely 
the  ratio  to  the  other  ingredients :  while  the  ratio  between  the  perox- 
yds and  silica,  since  it  is  much  nearer  equality,  is  not  liable  to  suck 
i^uctuations.  The  results  are  as  follows : 
It  fi  5i 

Uto,  Rose,  1-63  :  18-62»:  2468  =  105  :  12  :  15-91. 

Broddbo,  Rose,       142  :  1776  :  23-95  =  096  :  12  :  16- 18. 

Fahlun,  Rose,  1-39  :  1856  :  2401  =  0-90  :  12  :  15-52. 

Kimito,  Rose,  1-56  :  18-54  :  2409  =  101  :  12  :  15-59. 

Ochotsk,  Rose,       1-44  :  17-89  :  24-52  =  0-97  :  12  :  16-45. 

Zsidovicz, Kussin,  1-71  :  17-93  :  2497  =  M4  :  12  :  16-71. 


Mean,  excluding  the  last,  0*98  :  12  :  15-93 

Mean,  including  the  last,  1-005: 12  :  1606 

a  Corrected. 
The  mean  therefore  of  the  five  analyses  from  which  Rammelsberg 
deduces  his  ratio  is  very  closely  1  :  12  :  16,  and  if  Kussin^s  analysis  be 
added,  it  gives  strll  more  nearly  this  ratio ;  moreover,  the  separate  anal- 
yses correspond  more  nearly  with  1  :  12  :  16  than  1  :  12  :  15.  Rosens 
formula  &  6i+4Sl  Si,  adopted  by  this  author,  is  not  therefore  sustained 
by  the  analyses. 
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Neither  does  Kussin^s  analysis  correspond  to  the  ratio  1^  :  12  :  15, 
whence  Rammelsberg  derives  incorrectly  (but  correctly  from  1:9: 12) 
the  formula  f^Si+s^i^l  Sit  but  more  nearly  to  1^  :  12  :  16^,  though  prob- 
ably essentially  1 :  12  :  16,  like  the  preceding. 

A  mica  from  Unionville,  Pa.,  occurring  in  scaly  granular  masses,  af- 
forded J.  D.  Darrack,  in  the  Laboratory  of  J.  C.  BoNDth,  (Min.,  1850,  p. 
857,) 

Si  46*76, 51 89-20, 3Pe  trace,  ]ftg  1-02,  t.  6*56,  Ca  0-39,  fi  4*90  =  98-82. 
This  gives  for  the  ratio  1-61  :  1832  :  2429  =  105  :  12  :  15-91  or 
nearly  1  :  12 :  16. 

The  Abborforss  mica  (Svanberg)  and  Fuchsite  (SchafhautI)  afford, 
Abborforss,  327  :  1506  :  2061  =  260  :  12  :  1642  =  2§  :  12  :  16. 
Fuchsite,      2-33  :  17-88  :  2491  =  153  :  12  :  16 32  =  l|  :  12  :  16. 

The  first  corresponds  to  the  ratio  2:9:  12,  and  formula  Ra  Si+sXlBi. 
Taking  the  Fuchsite  at  1^  :  12  :  16,  it  gives  the  formula  £  81+8^1 5l 

M ABGARODiTE,  Schafhdutl, — This  pearly  white  biaxial  mica  and  others 
allied  have  afforded  the  following  analytical  results. 

Analyses  :  1,  SchafhautI ;  2,  Delesse,  (Ann.  d.  Mines,  [4],  xvi,  202, 
1849) ;  3,  4,  Brewer,  of  the  Yale  Laboratory,  (Min.,  1850, 359) ;  5, 
Kammelsberg,  (4th  Supp.,  75) : 

Si         51      9e    »D  liLg    ]^a      &         tL 

1.  Zfllerthal,         47*05  34-90   1-60   —    1-96  4*07      796    l-46=98-88,  Schaf hfintL 

2.  St.  Etienne,      4623  3308  848  irocc  2-10  146      887    4-12,  F  ifracff=99-33,  D. 
8.  Monroe,  Ct,     49-96  82-86  trace  —    1-08  2-89      7-91    4-46'*,  CI  0-14=99-29,  B. 
4.        "        "        49-97  32-60     —    —    I'Al  undetermined  ^'46',  Brewer. 

«.  Loc  doubtful,  4784    82-36   806   —    128  1-66    1026    2-48,0a0-29==»9-06,R. 
«  A  mean  of  4  determinationa. 

The  ratios  are  as  follows, 

1,  8-17  :  16-36  :  2446  =  288  :  12  :  1796  =  116  :  6  :    897 

2,  2-66  :  16-46  :  2402  =  198  :  12  :  17-51  =  099  :  6  :    876 
8,  4,      2-63  :  16-36  :  2596  =  206  :  12  :  2029  =  102  :  6  :  1014 

6,  2-71  :  1603  :  2486  =  208  :  12  :  1861  =  1-01  :  6  :    9*80  \ 

Rammelsberg  and  Delesse  agree  nearly  in  giving  the  ratio  1:6:9. 
Schaf  hautPs  has  the  protoxyds  a  little  in  excess,  and  Brewer  obtained 
an  excess  of  silica.  But  it  is  probable  that  all  come  under  the  same 
formula,  R5i+2fiSl  The  mica  of  Monroe,  Ct.,  occurs  with  fluor  spar 
and  topaz  in  large  scales,  aggregated  into  wedge  shapes.  6=2*79^ 
2-81.  The  St.  Etienne  mica  has  G=2'817;  Rammelsberg's  2*831; 
Schaf hautPs  2*872.  In  this  species  the  oxygen  ratio  of  the  peroxyds 
and  silica  is  2:3,  while  it  is  3:4  in  mascovite.  The  GUbertiU  of 
Thomson  appears  to  be  altered  muscovite,  or  margarodite.* 

*  The  mineral  OUbertite  has  the  aspect  of  a  pearly  white  mica,  occurring  in  scales 
often  radiately  aggregated.  The  following  are  the  analyses  given ;  1,  Lehunt,  of  true 
Gilbertite  from  Cornwall,  (Thorn.  Min.,  i,  285) ;  2,  Thomson,  (Cornwall,  different  local- 
ity. 

Si         &     Ag      Ca      ie      ]^a      fi 

1.  45-16     40-11     1-90    4-17     2-43     4-25=98-01,  Lehunt. 

2.  47-80    82-62     1-60     5-18     923    4-00=10048,  Thomson. 

Ilie  first  analysis  gives  for  the  oxygen  of  the  protoxyds,  peroxyds  and  silica,  2*48  : 
18-76  :  28-46,  whence  the  ratio  1*59 :  12  :  1501.    Dufrenoy  deduces  2 :  12  :  16.  Like 
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Phlogopitb,  (or  Rhombic  Mica)  according  to  Meitzendorfi's  aaalyses 
has  the  ratio  1 :  f  :  If  and  formula  8&3  §i+2fiSi,  which  is  the  formula 
of  idocrase.  Rammelsberg  places  here  a  mica  from  Sala  analyzed  by 
Svanbqrg.  The  species  includes  brown  or  yellowish  coppery  mica  from 
Natural  Bridge,  Pope^s  Mills,  Gouverneur,  and  Vrooman's  Lake  in 
northern  New  York  ;  a  black  mica  from  Moriah,  Essex  Co. ;  a  silvery 
mica  from  Edwards,  N.  Y. ;  a  transparent  mica  from  Pope^s  Mills,  a 
variety  of  the  brown.  The  optical  character  of  these  micas  has  been 
observed  by  the  writer  in  connection  with  B.  Silliman,  Jr. 

BiOTiTE  (Hexagonal  or  Magnesia  Mica)  has  the  ratio  1:1:2,  and 
formula  S3Si+(33,Pe)5i,  which  is  essentially  the  formula  of  garnet 
A  chrome  magnesia  mica  gives  the  ratio  i  :  1  :  2,  but  whether  uniaxial 
or  not  IS  not  certain.  A  Pargas  biotite  gives,  §  :  1:2,  and  the  formu- 
la ]ft2  Si^S§i  (Rammelsberg) ;  and  a  Rosendal,  1:1:  2^,  or  the  for- 
mula Slfca  §i+2fi  Bl 

Lepidolite  or  Liihia  mica. — The  Lithia  micas  have  been  the  subject 
of  study  by  Rammelsberg,  and  he  concludes  that  in  them  as  well  as 
topaz,  the  fluorine  replaces  oxygen,  or  is  in  the  same  state  of  composi- 
tion as  the  oxygen.  There  are  several  distinct  chemical  compounds 
included,  and  it  is  not  definitely  known  that  they  are  all  biaxial. 
Brewster  observes  that  in  one  lithia  mica  part  of  the  specimen  was  bi- 
axial and  part  uniaxial.     The  ratios  given  by  Rammelsberg  are, 

a.  1:8:    6=R  Si+fi  Si— mica  of  Ural,  Churedorf,  (Jto,  Rozena,  Altenberg  (Stein). 

b.  2:9:  15=2&  §i+3fi  3i-~mica  of  Zinnwald. 

c.  1:2:    5=3it  §i-}-2R  Si—mica  of  Juschakowa. 

d    1:6:    'Jssfia  Si-j-eS  Si— mica  of  Altenberg  according  to  Turner. 

In  the  Ural,  Chursdorf,  Uto,  and  Rozena  micas,  the  fluorine  is  to  the 
oxygen  as  1 :  20 ;  in  the  Altenberg,  (Stein),  1 :  60  ;  in  the  Zinnwald, 
1  :  14,  or  1  :  11 ;  in  the  Juschakowa,  1:8;  in  the  Altenberg,  (Turner), 
1:25. 

The  Ural  mica  (Turner)  affords  then  the  formula, — writing  for  fiSi 
+fi5i,  (R  0+Si  03)+(R2  03+Si 03), 

20[(RO+Si  03)+(R«  03+Si  03)]+[(RF+Si F3)+(R2 F^+SiF^)]  ; 
and  in  the  same  way  the  other  formulas  may  be  written  out.  Making 
O  and  F  isomorphous,  this  formula  becomes, 

[R  (O,  F)+Si  (O,  F)3]+[R2(0,  F)»+Si(0,  F)^]. 

Emertlite  and  Euphyllite. — ^These  species  have  undergone  recent 
re-examinations,  and  the  species  now  stand  as  follows. 

Emerylite,  /.  Lawrence  Smith.  Corundellite  and  Clingmanite,  SU- 
Ztman,  Jr.-— Foliated  like  mica ;  folia  easily  separable.  Either  in  coarse 
plates  or  in  masses  consisting  of  aggregated  spangles. 

H.=3-5— 4-5.  G.— 2-995,  Silliman,  Jr.  Lustre  pearly.  Color  white. 
Translucent,  to  nearly  opaque.     Folia  brittle  or  slightly  flexible. 

muscovite  the  protoxyds  bear  a  small  proportion  to  the  peroxyds,  and  the  ratio  is 
very  near  that  derived  from  some  analyses  of  this  species.  Tlie  specimens  look  like 
a  flfiglitlY  altered  mica.  Including  the  water,  the  oxygen  ratio  is  1*59  :  12  :  16*01  : 
2-41.  The  oxygen  ratio  for  the  second  analysis  is  416  :  16-24  :  24-84=l-64  :  S  :  9*78, 
approaching  margarodite,  exceptmg  in  the  larger  amount  of  protoxyds. 
The  relation  of  the  species  to  the  micas  is  evident ;  yet  other  analyses  are  deanrabic 
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Compontton.— JEt3Si+8ll3  9i[+3fir|=^tiica  S0*58,  alumina  50-999 
lime  13*96,  water  4*47.  Analyses :  1,  J.  Lawrence  Smith,  (Am.  J.  Sci. 
[2],  vii,  285) ;  2, 3, 4,  Wm.  J.  Craw,  in  the  Yale  Laboratory,  (Silliman^ 
Jr.,  Am.  J.  Sci.  [2],  viii,  379) ;  5,  6,  ibid,  (private  communication) ; 

7,  C.  Hartshorne,  in  Laboratory  of  J.  C.  Booth,  (private  communication 
from  Prof.  J.  C.  Booth) ;  8,  Silliman,  Jr.,  (private  communication) : 

Si       21      da      liiCg  fTa  t     tL 

l.AaiaMiDor,       80*      50-       18*       —    —  —     —  Pe,]{[n,Jfc8^r4=1003. 

2.  Vaiage  Green,  82-81  4924  10-66  0*80        2-21  (losa)  6-27=100,  Craw. 

8.  "  81-06  61-60  9-24  0-28  297  «  6-27=100,  Craw. 
4.  **  81-26  61-60  10-16  0-60  1-22  "  4-27=100,  Craw. 
6.          «               80-18  61-40  10-87  092  2*28  0*64 4-62=100,  Craw. 

6.  Unionville,        29*99  6067  11-81  062  162  0-86  5-14=100,  Craw. 

7.  "  8216  64-28   IIZQ  006  wideiermined  ObO^e  tracey  UarUhome, 
8.NorthCarolma, 29-17  48-40     9-87  1*24  6-16  —   3-99,HF  203=100-80,  S.  Jr. 

Analyses  6,  7  are  of  the  Corundellite^  and  8,  of  the  CHngmanite. 
The  following  are  the  oxygen  ratios  for  the  protoxyds,  peroxyds,  and 
silica : 


lEt 

S 

Si 

1. 

4-20 

24-42 

16-69 

= 

1-08 

:    6-26 

2. 

8-87 

2301 

16-79 

sir 

0-99 

6-48 

8. 

8-48 

23-98 

■     16-14 

s=s 

086 

.     6-98 

4. 

8-40 

2412 

.     16-24 

sss 

0-86 

:    6-94 

6. 

4-08 

2402 

15-68 

r=: 

1-08 

6-13 

6. 

4-01 

28-64 

15-68 

= 

1-17 

:    6-08 

7. 

8-66« 

26-37 

16-71 

= 

0*92 

6-08 

& 

8-99 

23-92 

.     15-84 

= 

1-08 

:    6-04 

Mean  =100    :    6-99    :    4 

«  Supposing  the  alkalies  equiyaleat  to  the  loss. 

The  mean  result  is  quite  closely  1:6:4,  and  the  same  is  afforded 
by  several  of  the  particular  results.  As  Dr.  Smith  found  no  water,  and 
Hartshorne  only  0*5  per  cent,  the  species  is  primarily  anhydrous.  In- 
cluding the  water  found  by  Craw  in  his  specimens,  the  ratio  is  1 :  6 :  4  :  L 

Commonly  yields  water  in  a  matrass,  with  sometimes  a  trace  of  flu- 
orine. B.B.  exfoliates  and  emits  a  bright  light  and  finally  fuses  on  the 
edges. 

Detected  by  Dr.  J.  Lawrence  Smith,  with  the  corundum  of  Magnesia, 
Asia  Minor,  and  also  at  Naxia  and  Niconia.  Also  found  with  corun- 
dum at  Village  Green,  Delaware  Co.,  Pa. ;  at  Unionville,  Chester  Co., 
Pa.,  (Corundeilite) ;  at  the  Corundum  locality  in  Buncombe  Co.,  North 
Carolina,  (Clingmanite). 

EiTPBTLLiTB,  Silliman^  Jr. — Structure  as  in  common  mica,  but  lami- 
nse  not  as  easily  separable.  Biaxial ;  angle  between  the  optical  axes 
71i%  Silliman,  Jr. 

H.=3-5 — 4-5.  G.=2  963--3008.  Lustre  of  cleavage  surface  bright 
pearly,  inclining  to  adamantine.  Color  white  to  colorless  ;  sides  faint 
grayish  sea-green  or  whitish.  Transparent  to  translucent;  at  times 
opaque  or  nearly  so.     LamineB  rather  brittle. 

Composition, — ^Analyses :  1,  2,  H.  Erni,  in  the  Yale  Laboratory, 
(private  communication) ;  3, 4,  T.  Garrett,  in  J.  C.  Booth^s  Laboratory, 
Philadelphia,  (private  communication) : 
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1.  Unionville, 


Si      ^ 

9e    6a 

48-69  44-69 

8-98 

43-46  4498 

4-34 

46-98  48-23 

0-60  8-63 

fig     JTa       &        d 

0-76     0-98     0-82    6-60=100-41,  EmL 
0-69  undetermined  ^-^IfErm. 

2-44    trace    =100-78,  Garrett 

trace     undet.  ^,  Garrett 


4.  "(diCloc)  46-88        4647        286 

The  followiDg  are  the  oxygen  ratios  for  the  analyses : 

1.  1-80    :    20-88     :    22-66     =    096     :    1106    :  12 

2.  1-88  :  2102  :  2267  =  1-00  :  1118  :  12 
8.  1-96  :  22-82  :  23-87  =  098  :  1147  ;  12 
4.         :    21-72     :    2866    =     :    11-07     :  12 

Mean,         0-98    :     1119    :    12 

The  ratio  1  :  ii  :  12  appears  therefore  to  be  that  authorized  by  the 
analyses.  As  no  water  was  found  in  the  3d  and  4th  analyses,  the  spe- 
cies is  essentially  anhydrous.  Including  the  water  found  by  Erni,  the 
ratio  becomes  1  :  11  :  12  :  3,  and  the  formula  ]ft3  Si-{.ii2lSii-h9]k. 

It  is  still  possible  that  1  :  12  :  12  will  prove  to  be  the  true  ratio ;  and 
in  that  case  the  ratios  for  margarite,  emerylite,  euphyllite,  and  iniisco- 
vite,  have  an  obvious  simple  relation,  they  being  respectively  1:12:8: 
2  :  12  :  8 ;  1  :  12  :  12 ;  1  :  12  :  16. 

In  a  matrass,  oAen  yields  water.  B.B.  exfoliates,  emits  a  strong  light, 
and  in  the  forceps  fuses  on  the  edges.  Gives  traces  of  fluorine,  but 
none  of  lithia. 

Occurs  associated  with  tourmaline  and  corundum  at  Unionville,  Del- 
aware Co.,  Pennsylvania.  The  impression  of  the  crystals  of  tourma- 
line on  the  lateral  surface  of  the  mica,  leaves  a  very  smooth,  hard 
looking  surface.  Also  in  the  same  vicinity  in  aggregated  lamine,  or 
scales ;  this  variety  aflbrded  the  analysis  No.  4  above. 

RecapUuhUion. — ^The  following  are  the  oxygen  ratios  observed 
among  the  micas,  and  the  formulas  corresponding : — 

(1.)  Micas  having  atomically  as  much  alumina  as  silica,  or  a  larger  amount 
These  micas  are  harder  than  those  of  the  following  division,  and  brittle  or  but  slightly 
elastic. 

1,  MargaHte,      1    :    12            :    8  =  1      :     12     :     8  &3§i2-|-63tl2gi 

2.  Emerylite,  2  :  12  :  8  =  1  :  6:4  1^3  gi-f  8X12  §1 
Z,  EuphyllUe,  1  :  12(?11):12  tftsgi+nBSu 
(2.)  Micas  having  atomically  less  alumina  than  silica 


1.  Muscovite f  a. 

b.  Fuchsite, 
e,  Abborforss, 

2.  Margarodite^ 
Z.  ZepidolUe,  a. 

6. 
c. 
d 

4.  Phlogopite, 

5.  BiotitCt  a, 

6,  Pargas, 

c.  Chrome, 

d,  Bosendal, 

6.  Ghamouni,  Delesse, 
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7.  Lepidomelanef 
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4    :  12 
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The  mineral  DiphanUe^  resembles  margarite  and  eupbyllite,  according 
to  Breilhaupt.     It  has  the  ratio  1  :  4^  :  ^  or  2f  :  12  :  10. 

We  have  not  written  a  formula  for  the  muscovite.  It  is  evident  from 
a  survey  of  the  compounds,  that  there  must  be  some  more  satisfactory 
mode  of  exhibiting  the  relations  of  substances,  than  by  the  formulas 
often  made  out.  They  frequently  make  seeming  diversity  instead  of 
showing  relationships,  and  tend  to  mislead  the  eye  not  thoroughly  ac- 
quainted with  the  wide  variation  of  formula  consequent  on  a  slight 
change  of  ratio. 

The  amount  of  water  which  analyses  afford  varies  from  0  to  5  per 
cent. ;  and  as  it  exists  variously  or  not  at  all,  in  micas  in  which  the  oxy- 
gen ratio  is  the  same,  there  is  reason  for  believing  it  the  result  of  a  par- 
tial alteration  of  the  mica,  like  that  which  takes  place  in  iolite. 
The  hydrous  varieties  are  commonly  more  or  less  wanting  in  trans- 
parency. 

3.  Spodumene^  (Dana^s  Min.,  1850,  p.  693.) — ^The  annexed  figure  of 
a  crystal  of  Spodumene,  from  Norwich,  Mass.,  has  been  made  by  the 
author  from  a  specimen  belonging  to  Mr.  Charles  Hartwell.  Mr.  Hart- 
well  had  measured  the  angles,  and  presented  a  notice  of  the  crystal  to 
the  meeting  of  the  American  Scientific  Association  at  Cambridge,  in 
1849.  On  examination,  the  author  finds  that  the  crystal  is  monoclinicy 
and  further  that  Spodumene  is  actually  iso- 
morphous  with  Pyroxene.  The  annexed 
figure  represents  the  crystal  as  it  is,  with  a 
vertical  plane  b^  on  the  right  and  the  cor- 
responding one  on  the  left  wanting,  and  also 
with  the  two  planes  o"  and  o'  unmated ; 
moreover  the  back  planes  of  the  summit  are 
absent,  as  the  crystal  is  not  entire  or  is  bro- 
ken on  that  part.  The  edge  of  intersection 
of  o'  and  o^'  is  uncertain,  as  the  surface  has 
been  abraded.  But  the  rest  of  the  faces 
figured  are  smooth,  though  not  bright.  The 
direction  of  the  intersections  as  seen  in  a 
vertical  view  are  shown  in  figure  2;  the  edge 
between  o'  and  a^  has  a  parallel  direction 
with  that  between  a  and  t^,  but  that  between 
o'  and  o'  is  doubtful.  The  crystal  is  2J 
inches  long.  If  inches  wide,  and  1  inch  thick. 
The  color  is  grayish,  with  a  tinge  of  green. 
Besides  the  usual  cleavages — the  orthodiag- 
onal  perfect,  and  the  prismatic  scarcely  less 
80*-there  are  distinct  traces  of  cleavage 
parallel  to  each  orthodiagonal  edge  of  the 
pyramid  a — a  direction  pointed  out  on  the 
figure  by  the  dotted  line  on  plane  M.  The 
surface  of  plane  M  n>oreover  is  very  finely  crossed  by  lines  correspond- 
ing to  this  cleavage  direction.  The  crystal  is  bisected  along  its  ortho- 
diagonal  section,  and  on  holding  one  of  the  halves  up  to  the  light  it  i* 
seen  to  be  translucent,  and  marked  t&roughout  with  the  same  Tines  a» 
on  the  surface. 
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The  following  are  the  angles,  as  observed  with  the  coromoD  goni- 
ometer by  Mr.  Hartwell  and  by  the  author. 

Hnrtwell.  Author. 

N  :  N  87''  87° 

N  :  N  (lateral  angle)       93^  93° 

N  :  M  133°  133°  aC 

N  :  b  137°  136°  SC 

N  :  b3  153°  154° 

M  :  b3  107° 

M  :  t2  106°— lOr* 

M  :  P  69°  40' 

M  :  a  100°  30'  100°  30' 

M  :  a2  116°  116° 

M  :  o'  12r 

M  :  o'  140° 

t2  :  t2  (over  P)  79°  80' 

t2  :  b  140°  139°  45' 

a2  :  t»  140°  30' 

a   :  a  (front)  117°  I  IT 

The  crystallographic  expressions  for  the  planes  are  indicated  in  the 
lettering,  except  for  the  planes  o',  o",  which  are  not  determinable  with 
certainty.     In  Naumann's  system  of  notation  they  are  :— 

OP     QD  P     00  Poo      00  Foo     00  P'3     P    2P    2P'oo     3P3?     mPn 

P      N         M  b  b8       a    a2       t2  o'  o" 

Other  crystals  have  since  been  obtained  by  Mr.  Hartwell,  one  of 
which  is  six  inches  long  and  nearly  half  this  in  breadth.  The  planes 
P,  o'  and  o^'  are  wanting,  and  the  back  edge  of  the  plane  t^  is  straight, 
there  being  no  plane  — m  P.  The  complete  description  of  the  crystal 
is  hence  oo  P,  oo  Poo  ,  oo  Poo  ,  oo  P'3,  P,  2P,  2P'oo .  The  plane  oo  P3 
is  seen  only  on  the  left  side  of  plane  M,  as  in  the  figure. 

The  specimens  afforded  B.  Silliman,  Jr.,  a  strong  lithia  reaction.* 
These  facts  set  aside  an  idea  adopted  by  Dufrenoy  and  Pelouze,  and 
becoming  somewhat  prevalent,  that  spodumene  is  a  lithia  feldspar ;  and 
at  the  same  time  they  fail  to  sustain  the  suggestion  of  the  writer,  that 
spodumene  is  related  to  andalusite.  The  formula  of  spodumene  best 
expressing  its  composition  as  ascertained  by  analysis,  is  Its  §i24-4£lSi2 
(Kobell).  And  if  we  consider  the  protoxyds  and  peroxydsas  replacing 
one  another,  we  find  15  of  oxygen  in  the  oxyds  to  30  in  the  silica, 
which  is  the  relation  in  pyroxene.  With  the  above  formula,  and  3*17 
for  the  specific  gravity,  the  A  atomic  volume  is  2852 ;  the  B,  168 ;  the 
C, 43*2.  It  will  be  observed  that  432  is  only  as  much  smaller  than  the 
number  for  pyroxenet  as  it  is  larger  than  that  for  andalusite.  More- 
over 2852  is  about  three  times  the  corresponding  number  for  horn- 
blende,/our  io  four  and  a  half  Ximea  that  of  pyroxene  and  its  varieties, 
and  twice  that  of  borax. 

♦  The  spodumene  of  Conway,  Mass^  in  the  same  range,  was  tested  for  lithia  sac- 
cessfully  by  G.  T.  Bowen,  in  1824,  and  analyzed  so  fiur  as  to  obtain  5i  65*8,  £l  24*5, 
which  ajn-ees  with  the  usual  analyses  of  the  species. — l^his  Journal^  1824,  viii,  120, 
121. — ^TSc  specific  gravity  of  the  Norwich  spodumene  according  to  a  recent  deter- 
mination hj  G.  J.  Brush,  is  3*18. 

f  See  this  Journal,  last  volume,  pp.  241,  and  429. 
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4.  Anhydrous  Prehniie. — The  Anhydrous  Prehnite  of  J.  D.  Whitney, 
(Best.  Jour.  Nat.  Hist.,  t,  487,)  has  been  examined  by  Dr.  C.  T.  Jackson, 
and  found  to  contain  the  same  per-centage  of  water  as  prehnite.  In 
his  trials  he  found  4*7  and  4*15  per  cent,  of  water,  and  subsequently, 
4*18,  4*45,  4*50,  4*41  per  cent  Other  specimens  examined  by 
Mr.G.  J.  Brush  in  the  Yale  Laboratory,  afforded  4*913, 4*817,  4*864  per 
cent  This  mineral  appears  therefore  to  be  identical  with  ordinary 
prehnite.  The  existence  of  water  in  this  variety  was  first  ascertained 
in  a  blowpipe  experiment  by  Mr.  J.  E.  Teschemacher  of  Boston. 

5.  On  a  new  crystalline  form  of  Staurotide^ 
and  Isomorphism  of  Staurotide  toith  AndalusUe 
and  Topaz;  by  J.  D.  Dana. — The  accompa- 
nying figure  represents  crystals  of  staurotide 
from  the  spodumene  locality,  Norwich,  Mass., 
which  were  obtained  by  Mr.  C.  Hartwell.  The 
faces  are  smooth  excepting  sometimes  t  and  P. 
The  angles  obtained  with  the  common  goniome- 
ter are  as  follows : — 

N  :N  =  129^20' 

b2:b2(overN)=:93* 

N  :b2=162** 

P   :t    =13r  (129^-132°) 

The  crystals  are  black  and  semi-metallic  in  lustre, 
1^  inches  in  breadth. 

The  isomorphism  of  this  species  and  andalusite  is  sufficiently  close 
to  merit  attention. 

Calculating  from  N :  N=129^  20^,  the  prism  b2=93**  8'.  In  Andal- 
usite, the  prism  corresponding  to  the  latter  is  9P  2(y,  and  this  gives  for 
the  former  127**  5T.  P :  t  in  Staurotide  =131°,  in  andalusite  144**  50' ; 
and  the  planes  have  therefore  the  axial  relation  of  3 : 2. 

For  the  relation  of  topaz  and  andalusite,  see  last  volume  of  this  Jour- 
nal, p.  407. 

The  atomic  volume  of  the  St.  Gothard  staurotide,  calculated  from 
one  of  Jacobeon^s  analyses  corresponding  to  (f  Sl+^^e)^  Si,  and  specific 
gravity  3*74,  gives  for  the  A  atomic  volume  536,  and  for  the  C  atomic 
volume  38*3 :  for  a  St.  Airolo  staurotide,  with  the  formula  (t^l^ 
-|Fe)3Si2,  and  specific  gravity  3*7,  we  obtain  the  A  atomic  volume 
890-5,  the  C  value  38*7.  Andalusite  afibrded  (last  volume  of  this  Jour- 
nal, p.  235)  A  =  962*5,  C  =  41*85 ;  and  topaz  (loc.  cit,  p.  240)  A  = 
2344;  B=42-6. 

6.  Platinum  of  California. — In  a  letter  from  J.  E.  Teschemacher, 
we  are  informed  that  he  has  detected  a  proportion  of  platinum  among 
the  grain  gold  of  California,  that  will  render  it  an  important  object  of 
search  in  that  region.  In  an  ounce  of  the  fine  grains,  he  found  about 
50  granules  which  proved  to  be  this  metal.  He  observes  that  the  pro- 
portion obtained  is  about  as  large  as  from  the  South  American  mines. 

7.  Fowlerite. — This  name,  applied  to  a  variety  of  manganese  spar 
or  rhodonite,  was  not  originally  proposed  by  Prof.  Shepard,  as  stated 
on  p.  410  of  last  volume  of  this  Journal. 
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1^  Sdetitific  Intelligence. 

III.  Zoology. 
1.  Remark  on  the  Genus  Nocliada  of  J,  V.  Tfumpson ;  by  J.  D.  Dana. 
— The  genus  Nocticula  established  by  ThompsoD  in  his  Zoological  Re- 
searches, No.  2,  p.  52  and  plate  5,  (Cork,  1829,)  is  closely  related  to 
the  Euphausidse.*  The  general  form  of  the  animal,  its  thoracic  and 
abdominal  appendages,  and  the  antennae,  eyes,  and  short  beak,  are  as  in 
Tbysanopoda  and  Euphausia  ;  and  the  last  abdominal  segment  has  the 
acuminate  character  with  the  naked  barb  either  side  near  apex,  which 
occurs  in  this  family. f  The  legs  are  not  however  represented  as  bifid, 
the  outer  branch  and  branchial  appendages  having  been  overlooked,  (and 
in  the  suggestion  of  this  error  we  nnake  the  ^^  due  allowance  for  draw« 
ings  made  at  sea  of  such  minute  objects^'  which  Thompson  asks  of 
his  readers.)  The  number  of  thoracic  legs  is  stated  at  sixteen,  but  this 
includes,  as  the  drawing  shows,  a  pair  of  maxillipeds.  *  Excluding  these, 
there  will  then  be  7  pairs,  which  is  the  number  in  Thysanopoda ;  and 
it  seems  probable  that  Nocticula  and  Thysanopoda  are  identical,  and 
if  so,  the  former  name  has  the  precedence. 

The  species  described  and  figuied  by  Thompson,  was  taken  in  the 
Atlantic,  between  latitudes  5""  25'  S.,  and  29''  30'  N.,  and  longitude 
ir  18'  W.,  and  32**  55'  W.,  on  the  6ih,  12ih,  and  25th  of  September. 
It  was  brilliantly  phosphorescent.  It  is  called  the  Nocticula  Banksii^ 
as  it  is  supposed  by  Thompson,  and  with  apparent  good  reason,  to  be 
identical  with  the  Cancer  fulgens  of  Sir  Joseph  Banks,  a  species  ob- 
served between  Madeira  and  Brazil,  and  published  with  a  drawing  by 
Macartney  in  the  Philosophical  Transactions  for  1810.  This  drawing, 
Thompson  has  copied,  and  in  it  7  pairs  of  thoracic  legs  are  represented. 

2.  Obseroations  on  some  Crustacea^  in  the  collections  of  the  Academy 
of  Natural  Sciences  at  Philadelphia;  by  Prof.  L.  R.  Gibbbs  of  Charles- 
ton,  S.  C,  (Proc.  Acad.  Nat.  Sci.,  Philad.,  March,  1850,  v,  25.)— The 
Chorinus  ormoitM  of  Randall  (Memoir  in  Jour.  Ac.  Nat.  Sci.  Philad.,  viii, 
106,)  is  a  Pericera,  and  agrees  with  Pericera  comuta  of  Edwards^ 
(Crust.,  i,  335.) 

The  Cancer  mercenaria  of  Say,  is  a  Pseudocareinus,  It  is  referred 
by  Edwards  with  some  doubt  to  the  genus  Xantho  of  Leach  (M.  Edw., 
Crust.,  i,  399) ;  but  his  description  of  Pseud,  ocellatus  applies  in  every 
particular  to  the  mercenaria, 

Grapsus  L0N6IPES,  Randall^  is  Grapsus  cruentatus,  according  to 
Gibbes,  and  the  statement  that  Surinam  is  its  locality,  is  considei«d  a 
mistake. 

Grapsus  hirtus,  Randall^  is  G,  rudis^  M.  Edw.,  the  latter  name 
having  the  priority. 

GuAiA  ORNATA,  Randall^  is  an  Ilia,  and  a  distinct  species. 

To  the  above,  the  Committee  of  the  Society  add — that  Macropklhal' 
mus  compressipes,  Randall,  (published  in  1840,)  is  Gelasimus  telescopi* 
cus,  Owen,  Voyage  of  Blossom  (1839),  and  M,  podophthalmus^  Voyage 
ofBonite,  (1841.) 

PACH70RAPSI7S  PARALLBLUS,  Randall^  is  Grapsus  Thukujar^  Owen, 
loe.  eit. ;  aad  Pagitrus  decorus,  Randall,  is  P.  pictvs^  Owen. 

♦  See  this  Journal,  [21,  ix,  p.  180. 

f  Milne  Edwards  alludes  to  this  character  in  the  name  of  his  Tliysuiopoda,  7!  tri- 
euipidata.  Ann.  des  ScL  Vai,  zix,  1880,  454,  note. — The  genus  Nocticula  is  not  re- 
ferred to  by  Edwards,  either  in  his  Memoir,  or  in  his  Hist.  Nat  des  Crustao6s. 


Digitized  by 


Google 


Zoology.  \V& 

In  most  of  these  cases  in  whrch  Dr.  Randall  has  been  forestalled^ 
it  has  been  by  publications  that  were  not  through  the  press  when  his 
memoir  was  in  course  of  preparation. 

3.  Conspectus  Crustaceorum  qua  in  Orhis  Terrarum  drcumncmiga^ 
lione^  Carolo  Wilkes  e  Classe  Reipublica  FcBdercUa  Duce^  lexit  et  de* 
9cripsU  J.  D.  Dana.  AMPHIPODA,  No.  I.  (Proc.  Amer.  Acad.  Arts 
and  Sciences,  ii,  201). — ^The  following  are  the  names  of  the  sixty-two 
new  species  described  in  this  paper. 

Familia  1.  Orchestidce: — 

Genus  I.  Talitrus  :  species^  novi-zelandiee,  gracilis,  omatus. 

Genus  II.  Talitronus,  (Dana)  :  species ^  insculptus. 

Genus  III.  ORcnESTiA :  species^  syivicola,  tenuis,  rectimanus,  spi- 
oipalma,  scutigerula,  nitida,  dispar,  quadrimanus,  serrulata. 

Genus  IV.  Allorchestes,  (Dana)  :  species^  compressa,  verticillata, 
hirtipalma,  gracilis,  peruviana,  humilis,  australis,  brevicornis,  novi- 
zelandife,  intrepida,  orientalis,  grarainea. 

Familia  2,  Gammarida^  Sub-familia  1,  Lyssianassina : — 

Grenus  I.  Lysianassa  :   species^  brasiiiensis 

Genus  II.  Uristes,  (Dana) :   species^  gigas. 

Genus  in.  Stemia,  (Dana) :  species^  magellanica. 

Familia  2.  Gammarid^e^  Sub-familia  2,  Gammarina  : — 

Genus  I.  Gammarus  :  species^  asper,  suluensis,  albidus,  hirsuticornis, 
emissitius,  tenuis,  furcicornis,  tenellus,  orientalis,  quadrimanus,  validus, 
aetipes,  pilosus. 

Genus  II.  Amphitoe  :  species^  peculans,  fissicauda,  pubescens,  in- 
sequistylis,  peruviana,  tenuicornis,  indica,  rubella,  fucorum,  tongensis, 
peregrina,  brevipes,  simplex,  nodosa. 

Genus  III.  CEdicerus  :  species^  novi-zelandiee. 

Genus  IV.  Erichthonius  :  species^  macrodactylus,  pugnax. 

Familia  3.  CorophidcB : — 

Grenus  I.  Cqrophium  :  species^  quadriceps. 

Genus  II.  Clydonia,  (Dana) :  species^  gracilis,  longipes. 

Familia  4,  Icilidce : — 

Genus  Icilius,  (Dana) :  species^  ovalis. 

4.  Oilhona  plumifera  of  W.  Baird. — ^The  genus  Scribella  described 
in  this  Journal,  2nd  ser.,  i,  227,  1846,  and  also  viii,  279,  is  identical 
with  Oithona  of  Baird,  published  in  1843  in  the  Zoologist,  and  the 
Scribella  scriba  appears  to  be  the  same  species  with  the  Oithona  plu- 
mifera,  j.  d.  d. 

5.  On  the  circulation  and  digestion  in  the  lower  Animals ;  Prof. 
AfiAssiz,  (Proc.  Bost.  Soc.  Nat.  Hist,  1850,  p.  206.)— Prof.  Agassiz 
read  a  paper  on  the  circulation  and  digestion  in  the  lower  animals, 
showing  that  the  circulation  in  the  Invertebrata  cannot  be  compared  to 
that  of  the  Verlebrata. 

Instead  of  the  three  conditions  of  chyme,  chyle,  and  blood,  which  the 
circulating  fluid  of  the  Vertebrata  undergoes,  the  blood  of  that  class  of  the 
Invertebrata,  which  he  had  particularly  studied,  the  Annelida,  is,  accord- 
ing to  Wagner,  simple  chyle,  colored  chyle;  the  receptacles  of  chyle  in 
diSerent  parts  of  the  body  are  true  lymphatic  hearts  like  those  found  in 
the  Vertebrata ;  this  kind  of  circulation  is  found  in  the  Articulata  and 
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Mollusks  with  few  exceptioos,  some  Echtnoderms,  dec  lo  the  Medusae 
•nd  Polyps,  instead  of  cbyle«  chyme  mixed  with  water  is  circulaied : 
this  circulation  is  found  in  some  Mollusks  and  intestinal  worms ;  it  wmj 
be  seen  plainly  in  Beroe.  Prof.  Agassiz  thinks  that  the  embrydogical 
development  of  the  hiffher  animals  shows  a  similar  succession  in  the 
circulating  function.  He  also  examined  the  connectioQ  of  respira^oa 
with  the  circulation  :  in  Vertebrata,  the  gills  are  found  between  branohee 
of  the  blood  system ;  in  Invertebrata,  the  chyliferous  system  is  acted 
on  by  the  respiration ;  the  gills  of  fishes,  then,  cannot  be  compared  to 
the  gills  of  Crustacea,  Articulata  and  Mollusks.  No  gills  are  connected 
with  the  chymiferous  circulation  ;  animals  having  this  circulation  have 
no  true  respiration ;  they  have  only  tubes  to  dbtribute  freely  aerated 
water  to  the  difierent  parts  of  the  body. 

6.  Low  State  of  Development  of  Mammals  and  Birds  in  Australia 
and  New  Zealand^  (Grould^s  Birds  of  Australia ;  Jameson^s  Jour.,  xlviii, 
362.) — Geological  researches  into  the  structure  of  the  globe,  shew  that 
a  succession  of  physical  changes  have  modified  its  surface  from  the 
earliest  period  up  to  the  present  time,  and  that  these  changes  have  been 
accompanied  with  variations  not  only  in  the  phases  of  animal  and  veg- 
etable life,  but  often  in  the  development  also  of  organization  :  and  as 
these  changes  cannot  be  supposed  to  have  been  operating  uniformly 
over  the  entire  surface  of  the  globe  in  the  same  periods  of  time,  we 
should  naturally  be  prepared  for  finding  the  now  existing  fauna  of  some 
regions  exhibiting  a  higher  state  of  development  than  that  of  others ; 
accordingly,  if  we  contrast  the  fauna  of  the  old  continents  of  geogra* 
phers  with  the  zoology  of  Australia  and  New  Zealand,  we  find  a  wide 
difference  in  the  degree  of  organization  which  creation  has  reached  in 
these  respective  regions.  In  New  Zealand,  with  the  exception  of  a 
Vespertilio  and  a  Mus  which  latter  is  said  to  exist  there,  but  which  has 
not  yet  been  sent  to  this  country,  the  most  highly  organized  animal 
hitherto  discovered,  either  fossil  or  recent,  is  a  bird  ;  in  Australia,  if 
compared  with  New  Zealand,  creation  appears  to  have  considerably  ad- 
vanced, but  even  here  the  order  Rodentia  is  the  highest  in  the  scale  of 
its  indigenous  animal  productions ;  the  great  majority  of  its  quadru- 
peds being  the  Marsupiata  (kangaroos,  &c.)  and  the  Monotremata^ 
{Echidna^  and  Omithorhynchus)^  which  are  the  very  lowest  of  the  Mam- 
malia ;  and  its  ornithology  being  characterized  by  the  presence  of  cer- 
tain peculiar  genera,  Tcdegalla^  Leipoa^  and  Megapodius;  birds  which 
do  not  incubate  their  own  eggs,  and  which  are  perhaps  the  lowest  rep« 
resentations  of  their  class,*  while  the  low  organization  of  its  botany  is 
indicated  by  the  remarkable  absence  of  fruit  bearing  trees,  the  Ce- 
realia^  &c. 

*  The  genera,  TalegallOy  Leipoa^  and  Mepapodhu,  form  part  of  a  great  fiunily  of 
birds  inhabiting  Australia,  New  Guinea,  Celebes,  and  the  Fiiillippine  Islands,  whose 
habits  and  economy  are  most  singular,  and  differ  from  those  of  every  other  group 
of  birds  which  now  exist  upon  the  sur&oe  of  the  earth.  In  their  structiure  they  are 
most  nearly  allied  to  the  Chllinacect,  wiiile  in  some  of  their  actions,  and  in  their 
mode  of  flight,  they  much  resemble  the  Rallidm;  the  small  sixe  of  their  brain, 
coupled  with  the  extraordinary  means  employed  for  the  incubatioo  of  their  eggs,  in- 
dicates an  extremely  low  degree  of  organization. 

The  three  species  of  the  uuniiy  inhabiting  Australia,  although  referable  to  three 
distinct  genera,  hav^e  many  habits  in  common,  particularly  in  their  mode  of  nidifica- 
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7.  New  Species  from  Lake  Sitperiar  deeerihed  by  M.  Agaeeiz. — 
The  iDteresting  and  yaluaUe  volume  lately  issued  by  Prof.  Agastia 
and  his  associates^  contains  descriptioos  of  numerous  new  forms  of 
animals.  We  now  enumerate  the  following  species  of  fish  described 
for  the  first  time  by  Prof.  Agassiz  in  this  volume. 

Adpeneer  lavisy  Agass.,  p.  267. 

^^        carbonariusy  Agass.,  p.  271,  (Plate  5,  fig.  K) 
^^        rhynchaut^  Agass.,  p.  276. 

Pimeloduafelis^  Agass.,  p.  281. 

Percopsis,  Agass.,  new  genus.  We  quote  the  remarks  of  Prof. 
Agassiz  in  full  respecting  tl^  very  remarkable  new  genus  of  fish  to 
which  he  has  assigned  the  name  Percopsis^ 

^^  In  order  fully  to  understand  and  perfectly  to  appreciate  the  charac- 
ters of  this  genus,  and  the  interest  involved  in  its  discovery,  it  is  neces- 
sary to  remember  various  relations  of  the  different  types  of  the  whole 
class,  which  however  do  not  constitute  generic  distinctions,  although 
they  bear  upon  the  peculiarities  of  this  new  type. 

^^  In  the  first  place,  it  is  a  matter  of  no  little  importance  that,  among 
the  fishes  of  former  ages,  we  find  everywhere  types  which  differ  widely 
from  the  forms  of  our  time,  and  that  those  forms  are  the  more  dififer- 
ent,  as  they  belong  to  older  geological  deposits.  The  difierences  are 
even  so  great,  that  out  of  the  four  orders  of  this  class,  there  are  only 
two  which  constitute  the  fauna  of  fishes  in  the  older  formations ;  two 
orders,  which  in  our  day  are  comparatively  reduced,  I  mean  the  Pla- 
coids  and  Ganoids.  Moreover,  the  types  are  peculiar  in  all  epochs. 
For  instance,  the  sharks  of  former  days,  especially  those  of  older  epochs, 
resemble  solely  that  curious  genus  of  Port  Jackson,  New  Holland,  the 
Cestracion,  which  is  so  remarkable  among  the  living  fishes  as  to  form  a 
|;roup  by  itself.  The  Ganoids,  of  which  there  are  so  remarkably  few 
m  the  present  creation,  such  as  the  gar-pikn  (Lepidosteus)  of  this  con- 
tinent, are  not  less  peculiar,  and  in  connection  with  those  ancient  Pla* 
coids,  constitute  the  only  representatives  of  the  class  of  fishes  through- 
out the  earliest  geological  ages  down  to  the  deposits  of  the  chalk,  when 
new  families  of  other  orders,  the  Ctenoids  and  Cycloids,  begin  to  make 
their  appearance,  preparatory  as  it  were  to  the  present  development  of 
that  class,  and  are  successively  diversified  with  the  modified  adapta- 
tions of  the  whole  class.  Now  the  genus  Percopsis  is  as  important  to 
the  understanding  of  the  modern  types  of  fishes  as  Liepidosteus  and 
Cestracion  are  to  the  understanding  of  the  ancient  ones,  as  it  combines 
characters  which  in  our  day  are  never  found  together  in  the  same  fam- 
ily of  fishes,  but  which  in  more  recent  geological  ages  constituted  a 
striking  peculiarity  of  the  whole  class.  My  Percopsis  is  really  such  an 
old-fashioned  fish,  as  it  shows  peculiarities  which  occur  simultaneously 
in  the  fossil  fishes  of  the  chalk  epoch,  which  however  soon  diverge  into 
distinct  families  in  the  tertiary  period,  never  to  be  combined  again. 


tioo,  each  and  all  depoeiting  their  eggs  in  moonds  of  earth  and  leaves,  which,  be- 
oominff  heated  either  by  the  fermentation  of  the  vegetable  matter,  or  of  the  sun's 
rays,  form  a  kind  of  natural  hatching  apparatna,  from  which  the  young  at  length 
emerge  fdQy  feathered,  and  capable  of  sustaming  life  by  their  own  tmaided  efibrts. 
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"  This  ancient  character  of  some  of  the  Annerican  fishes  agrees  most 
remarkably  with  the  peculiarity  of  the  vegetation  of  thb  continent, 
which,  as  I  have  shown  on  former  occasions,  resembles  also  the  fossil 
plants  of  prior  ages. 

^^  The  geographical  range  of  these  peculiar,  old-fashioned  beings  is 
also  very  remarkable,  they  living  in  temperate,  or  rather  cold  climates, 
when  their  earlier  representatives  lived  in  warmer  epochs. 

^*'  The  most  striking  features  of  the  fishes  of  the  tertiary  period  and 
those  of  our  time  consist  in  their  belonging  to  two  groups  of  the  class 
only ;  one,  the  Glenoids,  with  rough,  combed  scales,  in  which  the  re- 
spective representatives  have  also  prominent  serratures  on  pronnineot 
spines  upon  the  head,  in  the  operculum  in  particular,  and  in  the  fins ; 
the  other,  the  Cycloids,  smooth,  with  simple  scales  with  an  entire  mar- 
gin, in  which  some  few  types  however  have  also  spinous  fins. 

^^  Now  my  new  genus,  Percopsis,  is  just  intermediate  between  Cte- 
noids  and  Cycloids;  it  is,  what  an  ichthyologist,  at  present,  would 
scarcely  think  possible,  a  true  intermediate  type  between  Percoids  and 
Salmonidse. 

*'*'  The  general  form  of  this  genus  reminds  us  of  the  common  perches, 
but  it  is  easily  distinguished  from  them,  by  the  fact  that  its  head  and 
the  opercular  apparatus  are  smooth  and  unprovided  with  denticulations, 
as  also  by  the  presence  of  a  small  adipose  fin,  as  in  the  salmons.  The 
anterior  dorsal  is  also  a  small  fin,  composed  of  soft  branched  articula- 
ted rays,  as  in  the  salmons.  The  ventral  fins  are  placed  at  the  middle 
of  the  abdominal  cavity,  as  in  the  Abdominales  in  general.  The 
scales,  however,  are  truly  serrated  as  in  the  Percoids,  a  structure  which, 
as  far  as  I  know,  does  not  occur  in  any  of  the  Abdominales.  The 
conformation  of  the  mouth  is  also  as  in  the  Perches,  that  is  to  say,  the 
intermaxillaries  form  alone  the  upper  margin  of  the  mouth,  and  the 
maxitlaries  stand  behind  as  a  second  arch,  but  the  vomer  and  palate  are 
entirely  destitute  of  teeth. 

^^  This  fish,  of  which  I  shall  publish  a  full  anatomy,  should  be 
considered  as  the  type  of  a  distinct  family,  under  the  name  of  Per^ 
copsides.^^ 

Species  Percopsis  guUatus, 
The  other  new  species  described  are : — 

Grystes  fasciatusj  p.  295. 

CoUus  Richardsonij  p.  300. 

Cottus  FranklinU  p-  303. 

Boleosoma  maculcUum^  p.  305,  plate  iv,  fig.  3. 

Pileoma  zebra^  p.  308. 

Gasierosteus  nebulosus^  p.  310,  pi.  iv,  fig.  4. 

Gasterosteus  pigmaus^  p.  314,  pi.  iv,  fig.  1. 

Esox  Boreus^  p.  317. 

Lota  maculosa^  p.  325. 

Salmo  Siscowety  p.  333,  pi.  i,  fig.  3. 

Coregonus  sapidissimus^  p.  344. 

Coregonus  latior^  p.  348. 

Rhinichthys,  Agass.,  new  genus.  This  new  genus  contains  small 
Catostomi  whose  essential  character  is  as  the  name  indicates,  to  have  a 
conical  prolongation  of  the  rostrum. 
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Rhinichthps  marmoralus^  p.  354,  pi.  ii,  figs.  1  and  2. 
Caioslomus  Forsterianus^  p.  358. 

'^  Aurora^  p.  360,  pi*  ii,  figs*  3  and  4.  ^ 

Alhurnus  ruhellus^  p.  364,  pL  iii,  figs,  1^-3* 

Gohio  piumhem,  p>  366* 

Ltuciscm  frontalis^  p*  368,  pi.  Hi,  fig.  4. 
'gracilis,  p,  370* 

Besides  the  above,  ihe  work  conlains  descnptiotis  of  three  reptiles  by 
Agassi z,  HylodeB  maculaltts^  Rmia  nigricans^  and  a,  species  of  Croto^ 
phoms ,"  of  numerous  new  Coleopiera  by  Prof,  John  L.  Le  Conte,  be- 
sides a  full  catalogue  of  the  ppecies  obtained,  wilh  various  observa- 
lions;  a  catalogue  of  the  f^bells,  with  descriptions  of  some  species;  a 
cHlabgue  of  the  birds,  by  J.  E.  Cabot;  descriptions  of  some  new  LepL- 
doptera,  by  T,  W.  Harris* 

IV,    MlSCEl.LAWKOirS    iNTELLiaENCE. 

1*  Ffof*  C*  U.  Shfpard,  on  Meteorites, — We  have  received  from  the 
author  the  following  abstract  of  Prof.  Shepard's  report  on  Meteorites, 
read  before  the  American  Association  for  the  Promotion  of  Science,  at 
iheir  March  meeting  in  Charleston,  S,  C,  He  first  described  a  very 
peculiar  meleoric  stone  which  was  seen  to  fall  at  Richland,  South  Caro- 
lina, during  a  violent  ihundergust  in  the  fliimmer  of  1846.  The  stone 
was  almost  perfectly  round,  2^  inches  \n  diameter,  and  weighed  6J 
oz.  The  exterior  was  coaled  by  a  dark  reddish  brown  glaze.  The 
interior  presented  the  fracture  and  color  of  ordinary  fire-brick.  Sp,  gr, 
2^32,     It  consisted  of 

Silica,   .*....,*     8042a 


Alumina, 
Prolox,  iron, 
Magnesia, 
Lin[]eY    * 


15680 
2513 
0700 
0500 


99S13 

No  examination  was  made  for  alkalies. 

Prof*  S.  next  described  the  recently  fallen  stone  of  Cabarras  County, 
N.C,  (Oct  81,  1849,)  of  which  some  account  has  already  been  given 
in  this  Journal**  The  entire  stone  (now  weighing  18^  lbs.)  waa  exhib* 
iled  to  the  meeting.  The  general  figure  is  ihal  of  a  low,  irregular,  four- 
sided  pyramid,  truncated  at  the  summit,  and  having  for  a  tiase  (which 
is  by  far  the  broadest  plane)  a  somewhat  rounded,  undulatory  surface. 
The  crust  is  thin,  black  and  strongly  coherent,  ll  is  exceedingly  tough  ; 
in  this  respeci  fully  equalling  most  trappean  rocks.  Its  ground  color  is  of 
a  dark  bluish-grey,  stained  wilh  fine  rust  points,  and  mottled  with  rounded 
grains  and  crystals  of  a  tighter  colored  mineral,  rendering  the  masjj 
when  closely  viewed,  sub-porphyritic.  It  resembles  in  structure  most 
neariy,  the  rare  stone  which  fell'  ai  Tabor  in  Bohemia,  July  3d,  1753. 
Sp.  Gr.  — 3  60*»3-66. 

•  [2]  Vol.  ix,  p.  143* 
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It  eoosisli  of 

Nickeliferom  iron,  (with  chromium,)    .  6*390 

Magnetic  pyrites, 3*807 

Silica, 56168 

Protoxyd  iron, 18*108 

Magnesia,  ........       10*406 

Alumina, 1-797 

96*606 
Traces  of  lime,  soda,  potaasa  and  loss,  3394 

100  000 

He  coocluded  his  contributions  to  American  localities  by  a  descriptioo 
of  the  meteoric  iron  of  Ruff's  mountain,  Newberry,  S.  (X,  lately  brongbt 
to  light  by  Dr.  Wells  of  New  Haven.  In  noticing  the  internal  structure 
of  this  beautiful  iron,  Prof.  S.  remarked  that  it  resembled  those  of  Texas 
and  Carthage,  Tenn.,  more  closely  than  any  others  with  which  be  was 
acquainted,  although  it  difiered  from  these  by  presenting  here  and  there 
small  gashes  or  veins  filled  with  a  very  peculiar  pyrites  which  oMy 
prove  a  new  meteoric  species.  Sp.  Gr.  of  internal  portions  of  the  mass 
=:7-01...7*10 ;  of  exterior  (where  it  is  mingled  with  magnetic  oxyd  of 
iron)  5-97.. .6*80.     Composition, 

Iron, 96*000 

Nickel, 3121 

Chromium,  sulphur,  cobalt,  magnesium  and  chlorine,      traces. 

99121 

The  report  was  concluded  by  some  observations  upon  the  regions 
over  which  the  fall  of  meteorites  would  appear  to  have  been  most  fre- 
quent On  examiniDg  the  well  authenticated  falls  of  the  last  half  centu- 
ry, it  appears  that  there  exist  two  meteoric  regions  or  zones,^-onc  for  the 
new  world,  11"  of  latitude  in  width,  and  mostly  lying  between  the  par- 
allels of  33  and  44^  of  north  latitude,  whose  length  is  about  25^  of  lon- 
gitude, the  region  having  a  somewhat  N.  E.  and  S.  W.  direction,  and 
conforming  in  some  measure  with  the  trend  of  the  Atlantic  coast ;  it  ap- 
pearing that  92*8  p.c.  of  all  the  meteoric  falls  for  the  last  half  century  oo 
the  American  continent  have  been  deposited  within  that  space,  and  with 
a  manifest  concentration  over  that  part  of  it  lying  contiguous  to  the  sea : 
while  the  other  meteor  zone  upon  the  eastern  continent,  though  having 
the  same  breadth  and  pursuing  a  similar  northeasterly  track,  has  more 
than  double  the  length  of  the  American  region,  and  is  very  remarkably 
translated  fully  lO'  of  latitude  northward  of  its  fellow  on  the  opposite 
side  of  the  Atlantic.  Within  this  zone,  90*9  p.  c.  of  the  falls  for  the 
last  fiAy  years  reported  for  the  old  world,  have  taken  place ;  attended 
also  with  an  obvious  concentration  of  them  Qver  that  half  of  the  region 
toward  the  Atlantic. 

In  respect  to  meteoric  iron  (whose  time  of  fisilling  is  unknown),  the 
old  world  has  presented  us  with  14  localities ;  of  theK,  1 1  are  situated 
within  the  meteoric  zone,  and  mostly  between  46  and  52^  of  north  lat- 
ittide.  The  new  world  has  already  ^,  whereof  23  are  comprised  within 
its  meteoric  region,  the  most  of  which  are  found  near  the  parallel  of 
36^.    Europe  has  for  the  last  fifty  years  more  than  four  times  as  many 
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meteoric  falls  as  America ;  and  less  than  half  the  number  of  deposits 
of  iroo,  whose  time  of  fall  is  uoknowo.  This  latter  circumstaoce  is  a 
fresh  proof  of  the  greater  geological  antiquity  of  the  new  world. 

2.  On  the  increase  of  the  Nail  and  the  Hair  in  Man ;  by  M.  Ber- 
THOLDT,  (L^Institut,  No.  846, 93.) — The  growth  of  the  nails  in  children 
is  more  rapid  than  in  adults,  and  slowest  in  the  aged.  It  goes  on  more 
promptly  in  summer  than  in  winter,  so  that  the  same  nail  which  is  re- 
newed in  132  days  in  winter,  req^iires  only  1 16  days  in  summer — a 
fact  depending  on  the  vis  vitalis,  :rtrhich  seems  to  be  proportional  to 
h.  The  increase  for  the  nails  of  Av?  right  hand  is  quicker  than  for  the 
leA ;  moreover  it  differs  for  the  dili^nt  fingers,  and  in  an  order  cor- 
responding with  the  length  of  the  finger,  consequently  most  rapidly  for 
the  middle  finger,  with  nearly  equal  rapidity  for  the  two  either  side  of 
this,  slower  for  the  little  finger,  and  slowest  for  the  thumb.  For  the 
middle  finger  of  the  right  hand  the  nail  grew  12  millimeters  in  108 
days;  for  the  small  finger  of  the  leA,  9  millimeters  in  152  days:  the 
growth  of  all  the  nails  of  the  lef\  hand  required  88  days  more  than  for 
those  of  the  right,  and  also  there  were  produced  in  this  time  3  milli- 
meters  less  than  on  the  right  hand. 

The  growth  of  the  hair  is  well  known  to  be  much  accelerated  by  fre- 
quent cutting.  It  forms  more  rapidly  in  the  day  than  at  night  and  in 
the  hot  seasons  than  in  the  cold.  But  it  is  difficult  to  determine  the 
precise  rates. 

It  results  from  the  tables  accompanying  the  memoir  of  M.  Bertholdt, 
that  the  growth  of  the  hair  and  nails  as  well  as  that  of  the  epidermis 
pertains  to  the  secretions  and  not  to  the  organic  structure  proper.  For 
(1)  the  quantity  of  each  formed  correspdbds  very  nearly  with  that  of 
the  peripheric  secretions,  especially  with  transpiration,  it  increasing  in 
summer,  whilst  on  the  contrary,  the  growth  and  nutrition  of  the  body 
are  most  rapid  in  winter,  so  that  the  weight  of  man,  as  was  observed 
by  Sanctorius,  Liening,  and  Reil,  is  greatest  in  winter  ^  (2)  the  growth 
of  the  hair  least  during  the  night  accords  with  the  ditnrnution  of  all  the 
secretions,  as  that  of  transpiration,  the  formation  cf  ^rbonic  acid,  the 
urinary,  lacteal  and  biliary  secretions. 

8.  On  the  Extinction  of  Light  in  the  Atmosphere ;  by  W.  S.  Jacob, 
Esq.,  H.E.I.C.,  Astronomer,  Madras.  Communicated  by  Prof.  Fiazzi 
SicYTH,  (Proceedings  of  Roy.  Soc.  Edin.,  vol.  il.  No.  Sfe ;  Jameson's 
Jour.,  xlviii,  357.) — In  a  letter,  dated  Madras,  November,  1849,  Captain 
Jacob  says,  ^*  I  have  been  much  interested  in  reading,  lately.  Professor 
Forbes's  paper  in  the  Philosophical  Transactions,  1842,  Part  2,  on  the 
Extinction  of  Light  and  Heat  in  the  Atmosphere."  His  results  agree 
very  closely  with  those  of  my  experience  on  the  Trigonometrical  Survey 
of  India,  which,  though  not  founded  on  any  precise  measures,  being  still 
the  conclusions  of  some  years*  experience,  are  perhaps  worth  noticing. 

On  commencing  work  with  heliotropes  in  1837,  I  soon  found  that 
for  long  distances  it  was  necessary  to  enlarge  the  apertures  more  than 
in  the  simple  ratio  of  the  distances  (though  such  was  Colonel  Everest's 
practice) ;  and  before  the  end  of  the  first  season,  I  had  formed  a  scale 
of  apertures  for  corresponding  distances,  which  aAerwards  needed  very 
little  alteration,  but  when  finally  corrected  by  subsequent  years'  obser* 
vatioD,  stood  as  follows : — 

Sboond  Skuxs,  YoL  X,  No.  28.— July,  1860.  17 
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tpertun, 
Inchn. 

MilM. 

without  Abnrptioii 

0-5 

15 

15 

10 

23 

30 

2-0 

33 

60 

40 

45 

120 

80 

60 

240 

Our  heliotropes  were  circular  glass  mirrors,  8  inches  in  diameier; 

and  for  ihe  smaller  apertures,  diaphragms  were  used  between  ihe  belt- 
oiropes  and  the  obser^'er.  At  ihe  distances  slated  the  light  was  josi  vis- 
ible to  the  naked  eye  in  clear  weather,  and  wheo  seea  over  a  vmUef :. 
if  the  my  grazed  near  the  surface,  the  light  was  much  reduced*  On 
one  oecassion  I  employed  a  heliotrope  at  6:|  miles,  and  used  an  aperture 
of  J  of  an  inch,  and  found  it  rather  brighter  than  usual,  so  thai  proba* 
bly  6 J  or  7  miles  would  be  the  normal  distance  for  thai  size. 

This  agrees  well  enough  wiih  ihe  resi  of  the  scale,  but  there  is  no 
need  to  employ  a  conjeeiural  quaniity;  and  if  the  rate  of  absorption 
corresponding  to  the  above  be  computed,  so  close  an  agreement  wjil 
be  founds  as  may  entitle  the  numbers  to  be  looked  on  as  somethiEig  bet- 
ter than  mere  estimaies^^ — as  the  results,  indeed,  of  a  species  of  obaer- 
vatioRs. 

The  mean  of  the  whule  shows  a  loss  of  *0G10  in  passing  tiirough 
one  mile  of  atmosphere  ;  with  the  barometer  at  270  inches  (that  beJog 
about  the  avemgG  height  of  my  stations),  but  reduced  to  30*0  incheit 
tbe  quantity  will  be  *067L 

Hence  the  loss  of  light  in  passing  from  the  2eotlh  through  a  homoge- 
neous atmosphere  of  5*4  miles  w*ll  be  *303, or  only  about  one  per  ceoi. 
less  than  Professor  Forbes's  resulu  And  as  my  air  was  conaidemUy 
drier  than  bis  (the  mean  humidity  being  not  much  above  '30  inslcfid  of 
^56),  this  will  probably  account  for  the  di^erence  ;  and,  at  any  rate, 
the  agreement  is  much  closer  than  could  have  been  eacpecied. 

I  once  mentioned  this  matter  to  Captain  Waugh,  the  present  Survey* 
or-General  of  India,  then  my  fel low-assistant;  but  he  not  only  had  not 
noticed  the  thing,  but  did  not  even  apprehend  my  meaning.  He  as^ 
aenied  to  my  remark  on  the  lass  of  light  in  passing  through  ihe  auncus- 
phere,  but  asserted  that  the  aperture  should  vary  as  the  distance^  thus 
allowing  for  no  loss:  0  1  inch  per  mile  answered,  he  said,  for  all  distan- 
ces thai  he  had  tried.  So  it  might  answer  for  the  distances  most  t^uaUy 
oocurring  on  the  Survey.  For  4  inches  would  be  proper  for  40  miles, 
and  2  inches  not  much  too  bright  at  20,  and  it  is  not  of\en  that  th^n 
limits  would  be  passed.  Yet  it  is  hardly  possible  to  conceive  that  he 
should  not  have  noticed  the  different  intensity  of  the  Tighls ;  had  not 
his  opportunities  been  perhaps  rather  unfavorable,  as  his  work  layebief- 
ly  in  plains,  where,  as  mentioned  above,  the  (ight  of  a  graEing  my  la 
very  much  reduced,  and  the  atmospheric  effect  would  therefore  be  mix- 
ed up  with  disturbing  local  oauses. 

I  myself  was  much  astonished  at  first  discovering  that  the  air  hftd  so 
great  absorbent  powers,  and  many  ideas  are  suggested  by  the  fact.  We 
see  at  once  how  easily  many  of  the  planets  may  be  rendered  habitable 
to  beings  like  ourselves.  Mars^  e.  g.^  may  enjoy  a  temperature  little 
inferior  to  our  own,  by  having  a  iesM  absorbent  envelop ;  and  Venijs 
may  be  kept  as  cool  as  we  are>  by  having  one  more  so. 
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4.  ClimaU  of  Auitralia ;  by  John  Gould,  Esq.,  F.ILS.,  F.6.S., 
&c.,  (Vide  Grould's  Birds  of  Australia ;  Jameson's  Jour.,  xlviii,  358.) — 
In  a  country  of  so  vast  extent  as  Australia,  spreading  over  so  many 
degrees  of  latitude,  we  might  naturally  expect  to  find  much  diversity  in 
the  climate,  and  such  is  really  the  case.  Van  Diemen's  Land,  from  its 
isolated  and  more  southern  position,  is  cooler,  and  characterized  by 
greater  humidity  than  Australia  ;  its  vegetation  is  therefore  abundant, 
and  its  forests  dense  and  difficult  of  access.  The  climate  of  the  con- 
tinent, on  the  other  hand,  between  the  25th  and  35th  degrees  of  lati- 
tude, is  much  drier,  and  has  a  temperature  which  is  probably  higher 
than  that  of  any  other  part  of  the  world,  the  thermometer  frequently 
rising  to  11(F,  120^,  and  even  130^  in  the  shade;  and  this  high  tempe- 
rature is  not  unfrequently  increased  by  the  hot  winds  which  sweep  over 
the  country  from  the  northward,  and  which  indicate  most  strongly  the 
parched  and  sterile  nature  of  the  interior.  Unlike  other  hot  countries, 
this  great  heat  and  dryness  is  unaccompanied  by  night-dews,  and  the 
£iills  of  rain  being  uncertain  and  irregular,  droughts  of  many  months' 
duration  sometimes  occur,  during  which  the  rivers  and  lagoons  are  dried 
up,  the  land  becomes  a  parched  waste,  vegetation  is  burnt  up,  and  fam- 
ine spreads  destruction  on  every  side.  It  is  easier  for  the  imagination  to 
conceive  than  the  pen  to  depict,  the  horrors  of  so  dreadful  a  visitation. 
The  indigenous  animals  and  birds  retire  to  the  mountains,  or  to  more 
distant  regions  exempt  from  its  influence.  Thousands  of  sheep  and 
oxen  perish,  bullocks  are  seen  dead  by  the  roadside,  or  in  the  dried-up 
water  holes,  to  which,  in  the  hope  of  relief,  they  had  dragged  them- 
selves, there  to  fall  and  die ;  trees  are  cut  down  for  the  sake  of  the 
twigs  as  fodder ;  the  flocks  are  driven  to  the  mountains,  in  the  hope  that 
water  may  there  be  found,  and  every  eflfort  is  made  to  avert  the  im- 
pending ruin ;  but,  in  spite  of  all  that  can  be  done,  the  loss  is  extreme. 
At  length  a  change  takes  place,  rain  falls  abundantly,  and  the  plains,  on 
which,  but  lately,  not  a  blade  of  herbage  was  to  be  seen,  and  over 
which  the  stillness  of  desolation  reigned,  become  free  with  luxuriant  veg- 
etation. Orchidea^  and  thousands  of  flowers  of  the  loveliest  hues  are 
profusely  spread  around,  as  if  nature  rejoiced  in  her  renovation,  and 
the  grain  springing  up  vigorously,  gives  promise  of  an  abundant  har- 
vest This  change  from  sterility  to  abundance,  in  the  vegetable  world, 
is  accompanied  by  a  correspondent  increase  of  animal  life ;  the  waters 
become  stocked  with  fish,  and  the  marshy  districts  with  frogs  and  other 
reptiles,  hosts  of  caterpillars  and  other  insects  make  their  appearance, 
and,  spreading  over  the  surface  of  the  country,  commence  the  work 
of  devastation,  which,  however,  is  speedily  checked  by  the  birds  of 
various  kinds  that  follow  in  their  train.  Attracted  by  the  abundance 
of  food,  hawks,  of  three  or  four  species,  in  flocks  of  hundreds,  depart 
from  their  usual  solitary  habits,  become  gregarious  and  busy  at  the 
feast,  and  thousands  of  Ibises  {Ibis  spinicoUis)  and  other  species  of 
the  feathered  race,  revel  in  the  profusion  of  a  welcome  banquet.  It 
must  not,  however,  be  imagined  that  this  change  is  effected  without  its 
attendant  horrors ;  the  heavy  rains  often  filling  the  river  beds  so  sud- 
denly that  the  onward-pouring  flood  carries  with  it  every  thing  that  may 
impede  its  course,  and  woe  to  the  unhappy  settler  whose  house  or 
grounds  may  lie  within  the  influence  of  the  overwhelming  floods  ! 
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So  little  hf»  as  3ret  been  ascertaiaed  respecting  the  climatology  of 
Western,  North- Western,  and  Northern  Australia,  that  it  is  not  known 
whether  they  also  are  subject  to  these  tremendous  visitations ;  but  as 
we  have  reason  to  believe  that  the  intertropical  parts  of  the  country  are 
favored  with  a  more  constant  supply  of  rain,  as  well  as  a  lower  de* 
gree  of  temperature,  it  is  probable  that  they  do  not  there  occur. 

6.  On  the  Resuscitation  of  Frozen  Fish ;  by  Prof.  O.  P.  Hobbabd, 
(communicated  for  this  Journal.) — For  a  number  of  years,  during  my 
residence  in  New  Hampshire,  I  have  received  from  numerous  sources, 
the  statement  that  fish  taken  in  the  cold  of  winter  from  our  ponds  and 
thrown  out  upon  the  ice  and  freezing  quite  hard,  have  been  restored  to 
their  usual  activity  when  thrown  again  into  cold  water. 

That  they  would  ever  have  moved  again  if  left  alone  is  incredible ; 
and  how  far  and  for  what  time  a  fish  may  be  frozen  and  yet  be  restored, 
is  not  shown  by  experiment.  I  have  good  reasons  from  the  character 
of  my  informers,  for  believins:  that  the  facts  are  as  stated,  though  when 
repeated  they  are  hardly  credible  to  others ;  and  I  am  much  gratified  in 
obtaining  for  publication,  the  following  authentic  account  of  a  satisfisu;* 
tory  instance* 

Persons  who  have  had  similar  experience  are  requested  to  communi* 
cate  the  facts  in  detail  to  the  writer. 

"  Sometime  in  the  winter  of  1838  or  1839 — living  near  a  stream 
abounding  with  fish,  which  emptied  into  a  pond  near  by,  I  was  in 
the  habit,  daily,  of  catching  them,  (as  they  passed  down  stream,)  by 
means  of  an  eel-pot.  This  was  so  constructed  as  to  receive  and  retain 
them  without  injury,  if  taken  out  soon,  and  on  one  occasion,  the  pot 
having  remained  longer  than  usual,  so  many  were  caught  as  nearly  to 
fill  the  pot,  and  numbers  perished  from  pressure  or  want  of  air. 

It  was  the  custom  to  examine  the  pot  in  the  morning.  On  one  occa- 
sion, a  severe  cold  morning,  in  January  I  think,  I  took  up  the  pot  and 
found  a  considerable  number  were  taken.  These  I  emptied  upon  the 
snow,  which  was  deep  and  so  crusted  with  ice  as  nearly  or  quite  to 
bear  me  up. 

I  then  replaced  the  eel-pot  in  its  proper  bed  for  another  draught, 
which  took  me  about  twenty  minutes,  and  then  gathered  up  my  fish, 
exposed  on  the  snow,  into  a  pail  or  basket,  and  found  them  frozen  as 
stin  as  icicles. 

I  carried  them  home  to  the  shop,  where  they  remained  frozen,  ac- 
cording to  my  recollection,  for  the  space  of  an  hour  and  a  half  longer, 
and  so  stiff  and  inflexible  that  they  could  not  be  bent  without  cracking, 
as  did  some  of  their  tails  and  fins  in  pulling  them  apart  when  they 
were  congealed  together.  I  then  put  them  into  a  tub  of  water  drawn 
from  the  well,  to  thaw  them  for  dressing,  and  I  think  added  a  small 
quantity  of  warm  water  that  stood  upon  the  stove,  but  am  not  certain 
whether  it  was  before  or  aAer  scaling  them. 

After  some  little  time,  how  long  1  cannot  now  say,  I  examined  them 
to  see  if  they  were  thawed  sufficiently  for  dressing,  and  to  my  surprise, 
I  found  some  of  them  as  lively  as  when  sporting  m  their  native  brooks. 
I  called  on  others  to  view  them,  who  had  seen  them  while  they  were 
frozen.  To  them  also  it  appeared  almost  incredible,  but  we  were  con- 
strained to  believe  our  own  eyes  and  senses. 
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I  think  those  fish  were  perch  that  came  lo  life  after  (I  eaniiot  say 
death,  but)  freezing. 

In  the  spring,  I  remark,  we  set  the  eeUpot  with  its  mouth  down 
stream,  as  then  the  fish  are  running  from  the  pond  up  stream. 

Yours,  respectfully.  Paraclete  Skinner.*' 

Woodstock,  Oona,  Decx,  1840. 

6.  Geology  in  the  Slate  of  Musisnppi, — We  learn  from  our  corres- 
pondent, Mr.  M.  Morris,  that  the  Legislature  of  Mississippi  at  its  recent 
session,  has  made  a  standing  appropriation  of  $5000  per  annum,  to 
provide  for  a  geological  survey  of  the  state,  in  connection  with  a  geo- 
logical professorship  at  the  State  University. 

For  years  the  subject  had  been  ineffectually  agitated,  but  the  organ- 
ization of  a  '^  State  Geological  Society"  in  March  last — the  publication 
of  numerous  popular  articles  on  geology, — and  the  collection  and  exhibi* 
tion  to  the  Legislature  of  a  rich  cabinet  of  Mississippi  specimens,  accom- 
panied by  discussion  on  geology  in  the  chamber  of  the  House  of  Rep- 
resentatives, (out  of  business  hours,)  are  among  the  principal  causes 
which  have  brought  about  a  result  so  fruitful  of  promise,  and  which  we 
hope  may  be  fully  realized. 

7.  On  the  Purification  of  CoaUGas  ;  by  R.  Lamming,  (Atheneeum, 
No.  1176,  p.  508.) — The  author's  process  (which  has  been  hitherto 
successfully  put  in  action  at  Paris, — at  the  Chartered  Company's  West- 
minster Works,  on  a  small  scale, — and  at  the  Imperial  Company's  Hag- 
gerstone  Works,  on  a  larger  scale)  consists  of  two  parts.  First,  the  re- 
moval of  the  impurities  from  the  gas  ;  secondly,  the  revivification  of  the 
used  material,  which  is  again  made  capable  of  service.  The  purifying 
material  is  a  saturated  solution  of  muriate  of  iron  decomposed  by  lime 
into  muriate  of  lime  and  hydrated  protoxyd  of  iron,  mixed  with  breeze 
[coke  in  small  fragments] ;  during  the  mixing,  the  iron  becoming  per* 
oxyd  (carbonate)  from  the  oxygen  of  the  air.  On  passing  the  gas 
through  this  material  in  the  ordinary  purifiers,  the  following  changes  take 
place : — ^The  sulphuretted  hydrogen  combines  with  the  peroxyd,  forming 
water  and  sesqui-sulphuret  of  iron ;  the  ammonia  and  carbonic  acid  join 
to  form  proto-carbonate  of  ammonia,  which  again  acts  on  the  muriate 
of  lime  to  form  muriate  of  ammonia  and  carbonate  of  lime.  This  pro- 
ceeds until  none  of  the  peroxyd  of  iron  and  muriate  of  lime  are  un- 
changed. The  purifier  is  then  thrown  out  of  connection,  and  a  current 
of  air  passed  through  the  used  material,  by  which  it  is  revivified  in  the 
manner  following : — ^The  sesqui-sulphuret  of  iron  becomes,  from  the 
oxygen  of  the  air,  sesqui-sulphate  of  iron ;  after  which  this  salt  and 
the  carbonate  of  lime  decompose  each  other,  becoming  sulphate  of 
lime  and  carbonate  of  protoxyd  of  iron ;  the  latter  speedily  changing 
into  hydrated  peroxyd  of  iron,  while  the  carbonic  acid  is  liberated  and 
escapes.  Thus  the  material  is  brought  back  to  its  original  condition, 
excepting  that  for  muriate  of  lime  has  been  substituted  precipitated 
sulphate  of  lime,  having  the  same  affinity  for  carbonate  of  ammo- 
nia as  the  muriate  has.  In  warm  weather  this  revivification  takes 
place  in  a  very  short  time;  but  in  winter  it  requires  the  aid  of  artificial 
heat.  The  same  purifying  material  is  capable  of  being  used  nine  suc- 
cessive times  without  any  appreciable  diminution  of  its  power,  and  at 
last  becomes  inefficient  only  from  the  accumulation  of  ammoniacal 
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salt,  which  can  he  removed  by  simply  washing.  The  result  of  this 
process  on  the  gas  is  to  remove  one  equivalent  of  carbonic  acid  for  one 
and  a  half  of  ammonia  and  one  and  a  half  of  sulphuretted  hydrogen. 
But  as  the  gas  contains  more  snlphuretted  hydrogen  than  ammonia,  and 
more  carbonic  acid  than  sulphuretted  hydrogen,  it  is  necessary  to  sub- 
mit it  a  second  time  to  a  material  like  the  former,  but  with  an  excess 
of  hydrate  of  lime.  Here  the  sulphuretted  hydrogen  still  leA  seizes 
on  the  oxyd  of  iron,  the  carbonic  acid  being  absorbed  by  the  lime. 

8.  Analysis  of  Water  from  a  Hot  Spring  in  the  region  of  the  Grtoi 
Salt  Lake ;  by  G.  T.  Jackson,  (Proc.  Bost.  Soc.  Nau  Hist.,  1850,  224.) 
— This  spring  issues  from  a  hill  of  sandstone  from  two  to  three  thou- 
sand feet  in  height.  The  water  is  agreeable,  saline,  and  when  fresh 
contains  a  little  sulphuric  acid,  and  carbonic  acid  gas.  The  temperature 
is  108^  F.     One  pint  contains  44  grains  of  solid  matter,  as  follows : 

Carbonate  of  lime, 1*280 

Perox.  iron  and  trace  of  manganese,         .         .     0'208 

Lime, 2907 

Chlorine, 18-421 

Soda, 15-344 

Magnesia, 2-073 

Sulphuric  acid, 3-748 

43-981 
Loss, 019 

44-000 

9.  Wild  Animals  of  Africa,  (Athen.,  No.  1176,  p.  504.)— An  ex- 
hibition  of  a  novel  and  attractive  character  has  just  been  opened  at 
Hyde  Park  Corner.  Mr.  Roualeyn  Gordon  Cumming,  a  young  gentle- 
man of  property  in  the  Highlands,  and  as  keen  a  sportsman  as  the 
Highlands  has  ever  produced,  has  filled  the  old  Chinese  Gallery  with 
the  trophies  of  his  skill — the  produce  of  five  years'  shooting  in  the  far 
interior  of  Southern  Africa,  nmny  hundred  miles  beyond  the  farthest 
point  hitherto  reached  by  any  white  man.  When  we  state  that  Mr. 
Cumming  has  killed  eighteen  lions,  twenty-eight  specimens  of  the  black 
rhinoceros,  thirty-nine  of  the  white  rhinoceros,  seventy-six  hippopotami, 
and  one  hundred  and  fi\Q  elephants,  our  readers  will  know  what  his 
daring  is  and  what  his  success  has  been.  His  lion's  skins  are  the  finest 
we  remember  to  have  seen, — worthy  coverings  for  the  king  of  beasts. 
He  has  at  least  one  thousand  pounds'  worth  of  ivory  in  the  room,  and 
a  pair  of  elephant's  tusks  measuring  nine  feet, — the  largest  known. 
The  whole  Gallery  looks  like  a  combination  of  a  baronial  hall  and  a 
furrier's  shop.  Antlers  of  the  largest  size  and  the  most  elegant  pro- 
portions arrest  the  eye  at  every  turn.  The  fore-feet  of  an  elephant 
(exhibited  on  the  dais)  afibrd  a  noble  idea  of  the  enormous  size  of  the 
herds  of  elephants  which  he  had  the  luck  to  fall  in  with. 

10.  Tin  in  Plumbaginous  Slates. — Dr.  Jackson  notices  (Proceedings 
Boston  Soc.  Nat.  Hist.,  1850,)  the  fact,  that  the  plumbaginous  slates  of 
Vermont  furnish  on  assay,  malleable  grains  of  tin  and  iron,  when  fused 
in  a  crucible,  lined  with  lampblack.  This  fact  appears  to  Dr.  Jackson 
to  indicate  the  existence  of  tin  lodes  in  that  region. 
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11.  On  Fossil  Rain  Drops,  (Pfoc.  Boet  Soc.  Nat.  Hist.,  1850,  p.  200.) 
— Mr.  Desor  communicated  some  observations  made  by  Mr.  Wbitney 
and  himself  in  reference  to  the  probable  origin  of  the  so-called  fossil 
rain  drops,  which  in  this  country,  are  found  on  slabs  of  new  red  sand- 
stone, as  well  as  Potsdam  sandstone. 

He  said  it  had  already  been  noticed  by  Mr.  Teschemacher  that  these 
so-called  rain  drops,  when  closely  examined,  are  found  to  difier  in  sev- 
eral respects  from  the  impressions  made  by  the  rain  on  a  beach,  where 
each  drop  produces  an  impression  surrounded  by  a  rough  crest,  more 
or  less  elevated  according  to  the  force  of  the  rain.  The  fossil  impres- 
sions on  sandstone,  on  the  contrary,  are  generally  flat  and  smooth. 
Besides,  there  is  hardly  a  shower  in  which  the  rain  drops  are  not  nu- 
merous enough  to  cover  the  whole  or  nearly  the  whole  ground,  whereas 
the  fossil  impressions  are  generally  scattered  and  so  few  in  number  that 
it  seems  almost  impossible  to  ascribe  them  to  rain. 

Mr.  Desor  said,  that  whilst  encamped  on  the  border  of  Lake  Supe- 
rior, they  had  several  opportunities  of  studying  the  action  of  the  waves 
on  the  beach  during  a  heavy  surf,  when  they  are  driven  beyond  their 
usual  range.  It  was  noticed  that  when  the  waves  retired  from  the  high- 
er part  of  the  beach,  where  the  slope  was  less  steep,  there  could  be 
seen  several  kinds  of  impressions  in  the  act  of  forming,  some  large  and 
flat,  others  small  and  deep,  (like  those  which  on  the  sea-shore  are  gen- 
erally ascribed  to  worms  or  shrimps,)  and  others  likewise  deep,  but 
surrounded  by  a  sort  of  annular,  smooth  rim.  These  different  kinds  of 
impressions  are  all  produced  by  the  same  cause,  operating  in  the  same 
way,  namely,  air  bubbles,  which  are  formed  in  the  waves  of  the  surf, 
when  rolling  over  the  beach.  If  an  air  bubble  becomes  buried  in  the 
sand,  so  that  in  order  to  escape  it  has  to  make  its  way  through  the  new- 
formed  stratum  of  sand,  it  forms  a  deep  and  narrow  hole.  If  the  air 
instead  of  escaping  at  once,  bubbles  up  several  times,  then  it  raises 
around  the  hole  a  small  and  smooth  rim,  which  may  be  compared  to  a 
miniature  crater  of  a  volcano.  If,  on  the  contrary,  the  air  bubble  re- 
mains at  the  surface  and  bursts,  then  it  causes  a  flat  and  rather  large 
impression.  According  to  Messrs.  Whitney  and  Desor,  these  different 
forms  of  impression  arising  from  air  bubbles,  are  sufiicient  to  account 
for  most  impressions  which  have  hitherto  been  considered  as  the  eflect 
of  rain.  Such  impressions  of  air  bubbles  are  most  perfect  where  the 
slope  of  the  beach  is  very  gentle.  Where  the  slope  is  more  or  less 
steep,  the  sand  becomes  too  much  hardened  under  the  pressure  of  the 
waves  to  allow  these  delicate  impressions  to  be  produced. 

A  sketch  was  exhibited,  showing  these  diflferent  forms  of  impressions, 
and  their  striking  contrast  with  impressions  of  rain  drops  from  the  same 
beach,  mouth  of  Carp  River,  Lake  Superior. 

Mr.  Teschemacher  said,  that  he  had  seen  fossil  rain  drops,  so-called, 
with  an  elevated  ridge  crossing  them  ;  an  appearance  easily  explained 
by  Mr.  Desor's  hypothesis,  but  incompatible  with  the  supposition  that 
they  were  caused  by  rain. 

Prof.  Agassiz  said,  that  on  the  mud  flats  at  Cambridge,  he  had  no- 
ticed impressions  made  in  the  way  described  by  Mr.  Desor  at  Lake 
Superior. 
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12.  Expedition  in  Search  of  Sir  John  Franklin. — The  Amencan 
Expedition  equipped  at  the  expense  of  Mr.  H.  Grinnell,  a  munificent 
merchant  of  New  York,  consists  of  two  vessels,  which  are  claaaed  as 
brigantines  in  our  naval  service — the  ^^  Advance^'  of  144  tons,  and  tbe 
'^  Rescue,"  of  91  tons.  On  Mr.  Grinnell's  petition  to  Congress,  the  ves- 
sels have  been  placed  under  the  command  of  the  U.  S.  Navy,  and 
officers  and  men  detailed  to  this  hazardous  service.  The  whole  is  un* 
der  the  command  of  Lt.  Edwin  De  Haven,  an  officer  of  great  zeal, 
courage  and  experience.  The  Advance  has  a  crew  of  fifteen  men, 
and  the  Rescue  thirteen.  Both  vessels  were  fitted  with  every  artifice 
and  appliance  to  ensure  safety  against  extreme  cold  and  the  crushing 
efiects  of  the  ice  packs.  Passed  Midshipman  Griffin  commands  on 
board  the  Rescue.  The  expedition  sailed  on  the  22Dd  of  May,  for  Baf- 
fin's Bay,  thence  to  touch  at  Disco  Island,  a  Danish  whaling  station  in 
latitude  70^  on  the  coast  of  Greenland,  where  they  will  water  before 
steering  for  Lancaster  Sound  and  Barrows  Straits,  with  the  intention  of 
penetrating  an  open  sea  supposed  to  exist  between  Parry's  Islands  and 
the  pole.  Should  the  ice  admit  they  will  go  up  the  Wellington  Chan- 
nel, and  if  not  they  will  cruise  westward  to  Cape  Walker  and  around 
Melville  Island.  Should  all  progress  westward  in  this  direction  be  ob- 
structed, they  will  return  to  Baffin's  Bay  and  attempt  to  enter  Jones 
Sound  or  Smith's  Sound,  in  lat.  79^  N.,  at  the  extreme  northern  point 
of  Baffin's  Bay.  Should  the  supposed  western  sea  be  open  to  the  ves- 
sels, they  may  at  their  discretion  go  through  Behrings  Straits  into  the 
Pacific  and  communicate  with  the  American  Squadron  in  those  seas, 
who  have  orders  to  furnish  every  assistance  in  their  power.  Lt.  De 
Haven  has  discretionary  power  to  modify  or  abandon  this  general  plan, 
should  the  success  of  the  Expedition  demand  it.  This  humane  and 
truly  liberal  enterprise  is  solely  at  the  individual  cost  of  Mr.  Grinnell, 
who  has  received  very  gratifying  testimony  from  Lady  Franklin,  of 
her  approbation  of  the  effort.  The  vessels  carry  letters  from  Lady  P. 
to  Sir  John  Franklin,  and  the  Admiralty  have  furnished  Mr.  Grinnell 
with  copies  of  the  Esquimaux  vocabulary  compiled  by  Capt.  Washing- 
ton, R.  A. 

It  is  also  understood  that  not  less  than  three  Expeditions  have  sailed  from 
Great  Britain  for  the  same  purpose,  and  all  fitted  in  the  most  complete 
manner.   One  of  these  is  commanded  by  the  renowned  Sir  James  C.  Roes. 

13.  Discovery  of  a  Comet. — On  the  1st  of  May,  1850,  at  10*»  ro.  t.. 
Dr.  Petersen,  at  the  Altona  Observatory,  discovered  a  faint  telescopic 
comet,  but  the  weather  that  evening  was  too  unfavorable  for  observation. 
Its  estimated  place  was  R.  A.  19^ 25<»,  and  North  Decl.  7P  W.  From 
two  days'  observation,  its  daily  proper  motion  was  found  to  be,  in  R.  A. 
- 1°>  3»-3,  and  in  declination  +9'  44". 

The  announcement  of  the  discovery  of  a  comet  in  Nov.,  1849,  (see 
vol.  ix,  p.  442,)  needs  confirmation. 

14.  American  Association  for  the  Advancement  of  Science. — ^The 
third  annual  meeting  of  this  Association  will  assemble  in  New  Haven 
on  the  19th  of  August  next,  being  the  third  Monday  of  the  month,  at 
10  o'clock. 

The  easy  access  which  may  be  had  to  New  Haven  from  all  quarters 
by  railway,  renders  it  highly  probable  that  the  ensuing  meeting  will  be 
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one  of  the  largest  and  probably  the  largest  e^er  yet  asiembiecl.  Dr. 
Bache  of  Washington  is  the  President  of  the  year.  For  further  par* 
ticulars  we  refer  to  the  circalar  of  the  Local  Committee  and  to  the  ad- 
vertisement to  be  found  among  our  advertising  pages. 

15.  The  next  meeting  of  the  British  Association  for  the  Advance- 
ment of  Science,  will  be  held  at  Edinburgh  in  August  next. 

16.  Mr.  Edward  J.  Chapman  has  been  appointed  to  the  Professorship 
of  Mineralogy  recently  instituted  in  University  College,  London. 

OBITUARY. 

17.  Lieut.  Henry  Eld,  Jr.,  U.S.N. — Lieutenant  Eld,  son  of  Mr.  Henry 
Eld,  of  New  Haven,  Ct.,  died  in  March  last,  of  yellow  fever  on  board 
the  Ohio,  soon  aAer  leaving  Rio  Janeiro.  He  was  an  officer  of  high  char- 
acter both  as  regards  seamanship  and  general  scientific  attainments ;  and 
his  personal  qualities — his  energy,  decision,  promptness  and  natural  dig- 
nity, connected  with  the  highest  generosity  and  kindness  of  heart,  had 
secured  him  universal  esteem  among  his  associates,  and  the  unbounded 
confidence  of  the  naval  department ;  all  who  knew  him,  recognized 
him  as  one  calculated  to  confer  honor  upon  the  highest  stations  in  his 
profession  to  which  he  might  have  been  called  by  his  country.  Lieu- 
tenant Eld  was  one  of  the  officers  of  the  Exploring  Expedition  under 
Capt.  Wilkes,  which  navigated  the  Pacific  and  Southern  Seas,  and  cir- 
cumnavigated the  globe  during  the  years  1838-1842.  During  a  large 
part  of  the  cruise  he  was  directly  associated  with  Capt.  Wilkes  in  the 
philosophical  investigations,  (magnetic,  d^.,)  carried  on  at  different  sta- 
tions ;  and  in  all  these  duties  he  was  known  for  his  skill  and  fidelity. 
He  was  of  the  party  under  the  Commander^s  direction  that  spent  three 
weeks  on  the  summit  of  Mt.  Loa  (14000  feet  in  height)  for  the  purpose 
of  making  pendulum  and  other  observations.  (See  Narrative  Expl. 
£xp.,  vol.  iv,  chapter  4.)  An  exploring  party  through  the  Chikelis 
country  in  Oregon  was  under  his  command,  (Narrative,  vol.  v,  p.  123,) 
and  he  was  also  associated  with  Lieutenant  Emmons  and  others  in  a 
tour  of  fifty  days  over  the  wild  country  between  the  Columbia  River  and 
San  Francisco,  (Narr.,  vol.  v,  chap.  6).  Aboard  the  Peacock  in  the 
Antarctic  cruise  of  the  Expedition,  Lieutenant  Eld  was  the  first  to 
descry  land.  He  was  stationed  at  the  crosstrees  along  with  Lieut. 
Reynolds  (both  of  them  then  Passed  Midshipmen)  on  the  16th  of 
January,  1839,  when  he  exclaimed  "land!"  and  Lieut.  Reynolds 
responded  almost  simultaneously  "  so  it  is."  After  reporting  it  to 
Capt.  Hudson,  these  officers  fully  confirmed  the  opinion  with  a  glass ; 
and  although  the  announcement  was  at  first  received  with  hesitation  by 
some,  it  was  fully  confirmed  by  subsequent  events.  The  honor  which 
the  country  claims  of  having  anticipated  the  French  under  D^Urville, 
rests  upon  this  observation.  A  few  hours  later  the  French  had  made 
the  same  discovery. 

18.  M.  Gay-Lussac  died  in  Paris  on  the  10th  of  May,  aged  seventy- 
one.  He  was  one  of  the  greatest  of  the  scientific  men  of  France. 
**  Few  men,"  says  the  Presse^  "  have  led  a  life  so  useful  and  marked 
by  so  many  labors.  There  is  no  branch  of  the  physical  and  chemical 
sciences  which  is  not  indebted  to  him  for  some  important  discovery. 
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AloDe,  or  in  conjunction  with  other  eminent  men,  perticularly  with 
Thenard  and  vod  Humboldt,  he  carried  his  8|>int  of  iuvesttgation  into 
them  all.  At  a  very  early  age  he  was  elected  a  member  of  the  Acad- 
emy of  Sciences.  In  1810,  says  M.  Pouillet^— -speaking  in  the  name 
of  that  Academy, — when  the  University  opened,  at  length,  its  public 
courses  of  high  teaching,  it  sought  to  associate  in  that  oQect  the  vaoA 
eminent  scientific  men  of  France, — and  M.  Gay-Lusaac,  though  very 
young,  recommended  himself  to  it  by  the  double  title  of  chemist  and 
natural  philosopher.  M.  Gay-Lussac  was  already  famous  by  his  dis* 
covery  of  the  fundamental  laws  of  the  expansion  of  gas  and  vapors, — 
by  a  balloon  ascent,  the  most  important  and  almost  the  only  one  of 
which  the  history  of  science  has  any  record  to  keep, — and  for  many 
works  on  chemistry  which  tended  to  lay  the  basis  on  which  that  science 
was  soon  afterwards  to  be  established.^' — M.  Gay-Lussac  was  a  Peer 
of  France. 

19.  M.  P.  SouTET,  an  eminent  chemist,  died  lately  at  Brussels  at  the 
early  age  of  thirty-two.  M.  Souyet  was  Professor  of  Chemistry  at  the 
MusSe  de  Plndustrie  and  at  the  Royal  Veterinary  School  at  Brussels. 
His  funeral,  on  the  6th  of  May,  was  attended  by  the  most  eminent  scien- 
tific men  in  Brussels ;  and  M.  Quetelet  delivered  an  address,  in  which 
he  briefly  enumerated  the  important  discoveries  and  chemical  investi* 
gations  that  have  rendered  the  name  of  M.  Souyet  so  well  known.  M. 
Souyet  had  written  several  valuable  chemical  works. 

20.  M.  DucROTAT  DE  Blainville  died  in  May,  in  his  seventy-third 
year.  He  was  found  dead  in  a  railway  carriage  upon  the  Rouen  road 
on  his  way  to  England.  He  was  the  successor  of  Cuvier  in  the  chair  of 
Comparative  Anatomy  at  the  Museum  of  Natural  History  in  Paris.  He 
maintained  his  activity  in  science  to  the  very  last. 

21.  M.  KuNTH,  a  distinguished  Botanist,  Professor  of  the  University 
of  Berlin,  died  at  Berlin,  March  22,  1850. 

22.  Dr.  Prout,  the  author  of  the  Bridgewater  treatise  on  digestion, 
6»:.,  died  in  London  about  the  middle  of  April. 

V.  Bibliography. 

1.  A  System  of  Mineralogy^  comprising  the  most  recent  discoveries  ; 
including  full  descriptions  of  Species  and  their  Localities^  Chemical 
Analyses  and  Formulas^  Tables  for  the  Determination  of  Minerals^  and  a 
Treatise  on  Mathematical  Crystallography  and  the  Drawing  of  Figure* 
of  Crystals;  712  pp.  8vo,  illustrated  by  numerous  wood  cuts  and  four 
copper  plates ;  by  James  D.  Dana,  A.M.,  etc.  Third  edition,  rewritten, 
rearranged,  and  enlarged.  New  York  and  London  :  published  by 
George  P.  Putnam,  1850. — In  noticing  this  work  we  cite  the  Author's 
Preface,  in  which  the  changes  the  Treatise  has  undergone  are  men- 
tioned, and  the  various  contributions  received  from  difierent  sources  are 
acknowledged. 

^'This  Treatise,  in  the  present  edition,  has  undergone  so  various 
and  extensive  alterations,  that  few  of  its  original  features  will  be  recog- 
nized. The  science  of  Mineralogy  has  made  rapid  progress  in  the  six 
past  years ;  chemistry  has  opened  to  us  a  better  knowledge  of  the  na- 
ture and  relations  of  compounds ;  and  philosophy  has  thrown  new  light 
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ao  the  principles  of  cla»iilcation.  To  cbaage  is  always  se^ining  fickle* 
ness.  But  not  to  change  with  the  advance  of  science,  is  worse ;  it  is 
persistence  in  error :  and,  therefore,  notwithstanding  the  former  adop- 
tion of  what  has  been  called  the  *  Natural  History  System,^  and  the 
pledge  to  its  support  given  by  the  author,  in  supplying  it  with  a  Latin 
Nomenclature,  the  whole  system.  Its  classes,  orders,  genera,  and  Latin 
iMimes,  have  been  rejected  ;  and  even  the  trace  of  it,  which  the  synon* 
ymy  might  perhaps  rightly  bear,  has  been  discarded.  The  system  has 
subeerved  its  purpose  in  giving  precision  to  the  science,  and  displaying 
many  of  the  natural  groupings  which  chemistry  was  slow  to  recognize. 
But  there  are  errors  in  its  very  foundation  which  make  it  false  to  nature 
in  its  most  essential  points :  and  in  view  of  the  character  of  these  errors, 
we  are  willing  it  should  be  considered  a  relic  of  the  past.* 

Yet  science  is  far  from  being  ready  with  an  acceptable  substitute. 
Most  chemical  systems  have  been  more  artificial  than  the  *•  NaturaP 
system ;  and  doubts  now  hang  over  some  of  the  principles  of  chemis- 
try that  are  widest  in  their  influence  on  classification.  In  view  of  the 
difficulties  on  either  side,  it  was  a  point  long  questioned,  whether  to  ven- 
ture upon  a  classification  that  might  be  deemed  most  accordant  with 
truth  among  the  many  doubts  that  surround  the  subject ;  or  to  adopt  one 
less  strict  to  science,  that  might  subserve  the  convenience  of  the  stu- 
dent for  easy  reference,  and  for  the  study  of  Mineralogy  in  its  econom- 
ical bearings,  while  at  the  same  time  it  should  exhibit  many  natural  re- 
lations, and  inculcate  no  false  affiliations  or  distinctions  of  species.  The 
latter  alternative  has  been  adopted  :-^the  classification  is  offered  simply 
as  a  convenient  arrangement,  and  not  as  an  exhibition  of  the  true  affini- 


*  In  the  course  of  the  volume  the  following  paragraphs  occur  eiduUtrng  Uie  re- 
lation of  Mineralogy  to  the  other  Natural  Sciences,  and  the  author's  reasons  for  rejeot- 
ing  the  system  foUowed  in  his  former  editions. 

"  The  whole  range  of  inorganic  substances,  whether  made  by  art  or  eTisting  in 
the  earth,  constitute  the  Inorganic  Kingdom.  Bfinerals,  as  the  term  is  used,  are 
those  species  of  this  vast  kingdom,  that  occur  ready-made  in  the  earth's  crust  They 
exist  by  no  different  forces  from  the  compound  that  proceeds  from  the  laboratory ; 
for  it  matters  not  whether  sulphuric  acid  and  lime  come  together  in  the  workshop  of 
art  or  nature ;  whether  the  hand  of  man  bring  the  materials  into  juxtaposition,  ft 
running  brook,  an  exhaling  spring,  or  a  volcanic  fumarole :  the  result  in  both  cases  is 
gypsum,  identical  in  chemical,  physical,  and  crystallographic  characters.  The  Sci- 
ence of  Mineralogy  hence,  treats  of  only  a  small  part  of  the  third  kingdom  of  nature. 
It  indodes  here  and  there  a  species  from  the  system — ^that  is,  those  species  that 
happen  to  hare  been  formed  bgr  out-door  processes.  The  limits  of  the  department 
are  not  based  on  any  g^rand  pomts  of  difference  between  these  and  other  morganic 
compounds ;  they  are  assumed,  in  order  to  present  together  a  collection  of  fiacts, 
which  the  student  conveniently  considers  in  one  connection — ficusts  relating  to  Uie 
natural  productions  of  our  ^lobe. — -p.  18. 

In  the  classification  of  mmerals  it  must  be  fully  understood  that  we  are  dealing 
with  but  a  small  part  of  the  third  department  of  nature — the  Inorganic  Kingdom. 
The  term  Mineral  Kingdom,  so  often  used,  is  fundamentally  erroneous,  although  all 
natural  products  not  organic  may  be  embraced  under  it  The  distinction  between 
natural  and  artificial  inorganic  products  is  convenient  for  the  student,  but  is  contrary 
to  strict  science ;  for  nothing  authorizes  the  wide  separation  usually  admitted  but  the 
necessities  of  the  school-room,  or  the  fact  that  mineral  information  is  the  A  B  0  of 
another  science,  and  the  basis  of  certain  arts.  Anr  classification  therefore  that  can 
claim  to  be  perfect,  must  take  into  consideration  tne  whole  range  of  inorganic  com- 
pounds ;  ana  each  species  should  have  its  place  fixed  on  the  broadest  pnnciples  of 
the  Hcience  of  inorganic  nature.     A  thoror^h  knowledge  of  diemiatry  is  required 
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ties  of  species  in  the  highest  sense  of  the  term.  Among  the  silicates, 
however,  it  will  be  perceived  that  the  groupings  in  the  main  are  natural 
groupings ;  and  throughoat  the  work,  special  care  has  been  taken  to  in- 
culcate, as  far  as  possible,  the  true  relations  of  species,  both  by  remarks, 
and  by  an  exhibition  of  them  in  tables. 

The  system  of  classification  which  has  been  set  aside  for  the  arrange- 
ment  adopted,  is  presented  in  a  tabular  form  in  the  latter  part  of  the 
volume.  It  is  recommended  as  the  preferable  plan  for  arranging  a 
cabinet,  since  it  groups  together  species  that  are  fundamentally  alike 
— that  is,  alike  in  chemical  and  crystallographic  characters — and  prom- 
inently exhibits  the  various  cases  of  isomorphism  and  polymorphism 
among  minerals. 

Special  efibrt  has  been  used  to  give  completeness  to  the  chemical  de- 
scriptions of  species,  while  at  the  same  time,  crystallography  has  not 
been  neglected.  In  the  latter  department,  a  Mathematical  chapter  has 
been  added,  after  Naumann^s  system — the  system  generally  adopted  in 
Germany,  and  recommended  by  its  simplicity ;  and  a  second  on  the 
Drawing  of  Figures  of  Crystals.  On  the  other  side,  the  number  of 
chemical  analyses  introduced  has  been  increased  fourfold,  so  that  the 
student  will  have  before  him,  a  full  registry,  in  most  cases,  of  all  min- 
eral analyses  hitherto  made  that  are  worthy  of  confidence.  Chemical 
formulas  have  been  given,  and  also  the  various  opinions  of  difierent 
authors,  where  the  constitution  of  a  species  is  still  in  doubt.  The  most 
recent  investigations  in  foreign  Works  and  Journals,  as  far  as  they  have 
reached  this  country,  have  been  examined,  and  the  Treatise  is  there- 
fore posted  up  to  the  hour  of  its  leaving  the  press.     About  one  hund- 

to  appreciate  such  an  arrangement,  and  the  fullest  development  of  the  scienoe  to 
give  it  perfection. 

This  view  lowers  mineralogy  from  its  usual  rank  along  side  of  botany  and  zoology. 
It  exhibits,  however,  the  true  character  and  standing  of  the  science,  and  enables  us 
to  appreciate  its  real  objects  and  scope,  and  the  l^is  upon  which  a  classification 
should  rest — ^p.  170. 

A  systematic  nomenclature  like  that  for  botany  and  soology,  is  out  of  place  in  this 
BcienoQ,  for  reasons  already  stated,  except  it  be  based  upon  relations  among  the 
whole  range  of  inorganic  products.  The  author  here  departs  widely  from  principles 
deemed  important  in  former  editions  of  thb  treatise.  The  arrangement  of  Mohs, 
followed  in  the  main  heretofore,  has  not  for  some  time  been  esteemed  by  him  satia- 
&ctory,  and  it  has  been  more  and  more  obvious,  with  every  passing  year,  that  it 
could  not  stand  the  test  of  the  developments  of  scienoe.  Even  on  its  assumed 
ground  of  being  a  natural  system,  it  is  in  many  parts  singularly  artificial ;  and  now 
that  prejudices  of  early  instruction  have  lessened,  it  seems  little  better  in  some  of 
its  groupings  that  an  ancient  classification  of  plants  which  arranged  the  hard  wood 
species  m  one  group,  the  herbaceous  in  another,  or  collected  together  flowers  of  a 
color.  For  it  is  on  no  better  ground  that  the  diamond  is  placed  along  side  of  topas 
and  sapphire ;  spatiiic  iron  near  heavy  spar,  (instead  of  near  oalcite) ;  graphite  near 
psilomelane ;  allophane  with  green  malachite ;  mica  in  the  same  order  with  croo- 
stedtite,  spodumene  with  prehnite ;  iolite  with  q|uartz  and  chrysolite :  and  so  on. 
Some  of  these  incongruities,  the  author  in  adopting  the  arrangement,  had  thrown 
out ;  but  others  remained,  and  were  inseparable  from  the  system.  Yet  in  justice  to 
this  Mineralogist  of  merited  celebrity,  it  should  be  said,  that  very  many  natmal 
groupings  were  embraced  in  his  classification — far  more,  indeed,  than  in  many  of 
the  recent  chemical  systems ;  for  the  latter  refusing  almost  all  reference  to  physical 
characters,  and  considering  only  the  elements  present,  instead  of  the  mutual  relations 
of  the  constituent  elements,  have  broken  up  species  into  fragments  and  strewed 
them  about  into  most  heterogeneous  assemblagea." — p.  171. 
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red  new  species  have  been  added  to  the  science  since  the  appearance 
of  the  preceding  edition. 

In  the  department  of  American  Mineralogy,  no  pains  have  been 
spared  to  render  the  Work  as  complete  as  the  nature  of  the  case  admit«- 
ted.  The  Author  would  here  gratefully  acknowledge  the  valuable 
assistance  he  has  received  from  various  sources.  He  would  especially 
mention  his  indebtedness  to  Dr.  C.  T.  Jackson,  for  information  upon 
the  minerals  of  the  Michigan  Copper  region,  with  Analyses  of  Telluric 
Bismuth  of  Virginia,  and  Chrysocolla,  Apophyllite,  and  Analcime  of 
Michigan,  besides  a  description  of  Vermiculite,  and  an  Analysis  of  this 
species  in  his  laboratory  by  R.  Crossley ;  also  to  Mr.  Crossley,  for  an 
Analysis  of  Algerite  and  Schorlomite ; — to  J.  £.  Teschemacher  of  Bos- 
ton, for  observations  on  many  species,  including  the  Crystallized  Black 
Copper  ore  and  a  Vanadate  from  the  Lake  Superior  region  ; — to  A.  A. 
Hayes  of  Boston,  for  the  blowpipe  characters  of  Pyrrhite,  and  facts 
relating  to  Red  Zinc  Ore,  and  some  other  minerals ; — to  M.  Adolph 
Schlieper,  now  of  Lowell,  Mass.,  for  an  Analysis  of  a  Volcanic  Labra- 
dorite,  and  the  Cummington  Manganese  Spar ; — to  J.  C.  Booth  of  Phil- 
adelphia, for  Analyses  carried  on  in  his  laboratory  of  Emery  lite,  Eu- 
phyllite,  Marmolite,  an  Iridescent  Pyrites,  a  supposed  Allanite,  and 
other  investigations,  performed  by  T.  H.  Garrett,  J.  D.  Darrack,  and 
Ch.  Hartshorne ;— to  Wm.  S,  Vaux  and  T.  F.  Seal  of  Philadelphia,  and 
L.  White  Williams  of  Westchester,  Pa.,  for  much  important  informa- 
tion on  the  localities  and  minerals  of  Pennsylvania  and  Delaware ; — to 
H.  Wurtz  of  New  York  for  Analyses  of  Brucite,  and  Nemalile,  besides 
a  new  species  he  has  named  Melanollte ; — to  Hon.  T.  L.  Clingman  of 
North  Carolina,  for  a  catalogue  of  the  North  Carolina  minerals ; — to 
D.  D.  Owen  and  J.  G.  Norwood  for  an  account  of  the  minerals  of  Wis- 
consin, and  other  parts  of  the  West ; — to  B.  Silliman,  Jr.,  for  Analyses 
of  Emerylite,  and  other  species,  and  for  aid  in  the  optical  examine* 
tion  of  the  American  Micas,  besides  help  of  various  kinds  in  the  prog- 
ress of  the  Work ; — to  H.  Erni,  assistant  chemist  in  the  Yale  Labora- 
tory, for  Analyses  of  Danburite,  Euphyllite,  and  a  Feldspar ;— to  W.  J. 
Craw  of  the  same  laboratory,  for  Analyses  of  Emerylite,  W.  H.  Brew- 
er, for  Analyses  of  Hudsonite,  and  a  Mica,  (Margarodite),  G.  J.  Brush, 
for  Analyses  of  Williarasite,  Deweylite  and  an  Opal,  J.  B.  Bunco,  for 
an  Analysis  of  Wollastonite ; — to  T.  S.  Hunt,  for  a  catalogue  of  the 
mineral  localities  of  Canada,  and  a  description  of  the  new  species, 
Nickel  Vitriol ; — to  Dr.  F.  B.  Hough,  for  a  catalogue  of  the  localities 
of  Northern  New  York,  and  a  notice  of  the  Capillary  Pyrites  of  Ant- 
werp ; — to  O  P.  Hubbard,  for  facts  relating  to  the  minerals  of  New 
Hampshire. 

With  so  many  Collaborators,  the  Work  must  bear  some  evidence  of 
progress  in  American  Mineralogy.  The  persons  here  mentioned  are 
independent  of  those  whose  publications  have  appeared  during  the  past 
six  years — among  whom  we  cannot  properly  leave  unnoticed  the  names 
of  C.  U.  Shepard,  J.  D.  Whitney,  Wolcott  Gibbs,  B.  Silliman,  Jr.,  T.  S. 
Hunt,  J.  E.  Teschemacher,  F.  Alger,  L.  C.  Beck, — and  W.  Fisher,  J.  S. 
Kendall,  and  G.  J.  Dickinson  of  rrof.  Booth^s  Laboratory,  whose  labors 
among  American  Minerals  will  be  found  reported  under  the  species 
Schorlomite,  Brookite,  Ozarkite,  Zircon,  Gibbsite,  Allophane,  Boltonite, 
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Uniooite,  Albite,  Kyanite,  Nuttalite,  Serpentine,  Algerite,  Sodalite, 
Davyne,  Brucite,  Tetradymite,  Garnet,  Vivianite,  Cbondrodite,  Pecto- 
lite,  WoUastonite,  Coracite  or  Pitchblende,  Azonie,  Chromic  Iron,  Black 
Copper,  Pyroxene,  Hornblende,  Chladnite,  and  Shepardite.*  If  we  can- 
not number  many  new  species,  we  may  claim  that  oar  knowledge  in 
Btimerous  cases  has  been  rendered  more  precise.  Some  species  oif  dd- 
certain  titles  have  been  restored  to  credit,  while  others  have  been  strip- 
ped of  their  seeming  claims. 

Among  foreign  laborers  on  American  species,  we  should  make  hon- 
orable mention  of  M.  Hermann,  who  has  analyzed  the  Manganese  spar 
of  Stirling  and  Cummington,  Gibbsite,  Jefiersonite,  Columbite,  Pennite, 
and  the  so-called  Troostite  ;^— also  of  Prof.  H.  Rose,  whose  labors  oa 
Columbite  are  well  known ; — also  of  Rammelsberg,  Delesse,  Marignac, 
Damour,  and  Kerndt,  to  whom  the  Science  is  indebted  for  analjrses  or 
descriptions  of  American  Bismutite,  Brookite  (Arkansite),  SchoHomite, 
Washingtonite,  Chrysoberyl,  and  Wolfram. 

In  the  preparation  of  this  edition,  and  especially  the  elaboration  of  its 
Chemical  part,  the  Author  has  availed  himself  freely  of  the  Chemical 
Mineralogy — '  Handworterbuch  des  Chemischen  Theils  der  Mineralo- 
gie^^-of  Rammelsberg,  and  its  biennial  Supplements,  in  which  all  that 
is  published  respecting  the  composition  of  minerals  is  posted  up  with  a 
fullness,  discrimination,  and  erudition  that  leaves  little  for  another  hand. 
The  tables  of  Analyses  are,  to  a  great  extent,  only  another  arrangement 
of  the  very  valuable  Work  of  this  distinguished  Chemist  and  Mineralo- 
gist. The  various  Foreign  Scientific  Periodicals  and  Transactions  have 
also  been  consulted,  both  of  Britain,  France,  Germany,  and  Ruseia,  and 
every  care  has  been  taken  to  insure  correctness  and  accuracy.  Many 
facts  of  very  recem  date,  that  were  received  through  new  publications, 
or  as  private  communications  from  different  contributors  to  the  Work, 
subsequent  to  the  printing  of  the  earlier  part  of  the  volume,  are  con- 
tained in  an  Appendix ;  and  the  reader  will  find  it  of  use  to  him  to  add 
to  the  descriptions  of  species  in  the  body  of  the  volume,  the  number  of 
the  page  in  the  Appendix  where  the  mineral  is  again  treated  of. 

The  introduction  of  a  table  of  atomic  weights  places  it  in  the  power 
of  any,  who  will  take  the  little  trouble  needed  to  understand  ite  use,  to 
calculate  the  results  of  analyses  and  test  or  compare  their  formulas. 
To  the  young  student  this  will  be  found  a  most  instructive  exercise  :  and 
the  proficient  in  the  Science  will  appreciate  the  benefit  of  having  a  ta- 
ble of  the  kind  at  band,  arranged  for  easy  reference.'^ 

We  add  further,  that  the  volume  contains  80  pages  more  than  the 
preceding  edition.  And  as  about  70  pages  of  that  edition  are  omitted, 
including  the  chapter  on  Rocks,  and  that  on  Mineralogical  Bibliography 
(excepting  four  pages  devoted  to  a  list  of  the  Works  and  Journals  refer- 
red to  in  the  course  of  the  treatise) ; — and  moreover  since  the  mode  of 
stating  the  results  of  analyses  has  reduced  two-thirds  the  space  the  same 

*  The  Dame  of  Dr.  BoYi  Bhould  have  been  included,  who  published  in  the  Pro- 
ceedings of  the  Philosophical  Society  of  Philadelphia,  ii,  190,  May,  20, 1842,  an  analyaifi 
tm  follows  of  the  Granular  Albite  of  Westchester,  Pa.;  silica  67*72,  alumina  with  a 
trace  of  iron  20*54,  magneoa  0*84,  liro«  0*78,  soda  10-66,  potassa  O-iea-lOOld. 
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MBouDt  would  occupy,  while  the  whole  Dumber  of  analyses  given  is  in* 
creased  fourfold,  the  quantity  of  matter  added  to  this  edition  and  not 
contained  in  the  former  is  over  225  pages.  The  various  additions  have 
been  made  without  increasing  the  size  of  the  volume,  a  result  partly 
secured  by  the  use  of  good  and  firm  instead  of  thick  paper. 

2.  The  Unity  of  the  Human  Races  proved  to  he  the  Doctrine  of  Scrips 
ture^  Reason  and  Science^  with  a  Review  of  the  present  position  and 
theory  of  Prof  Agassiz ;  by  the  Rev.  Thos.  Smyth,  D.D.  New  York  : 
G.  P.  Putnam,  pp.  404,  12mo. — This  volume  is  understood  to  have 
grown  immediately  out  of  the  discussion  on  the  unity  of  the  humaa 
races  at  the  late  meeting  of  the  American  Association  for  the  Advance- 
ment of  Science  held  at  Charleston.  On  that  occasion,  Prof.  Agassiz 
appeared  as  the  advocate  of  original  plurality  in  the  distributive  centers 
of  our  race,  but  distinctly  avowed  his  belief  in  their  spiritual  unity. 

Dr.  Smyth  advocated  the  scriptural  doctrine  as  it  is  usually  understood 
and  maintained,  and  the  present  volume  is  an  exposition  of  this  view  of 
the  subject 

On  this  question  so  interesting  alike  as  a  zoological,  ethnological  and 
moral  enquiry,  every  enquiring  mind  will  form  its  own  conclusions. 
It  is  a  perfectly  fair  subject  of  research,  and  nothing  but  the  most 
exclusive  and  prescriptive  bigotry  can  object  to  its  free  discussion.  It 
is  also  a  question  on  which  many  earnest  minds  seek  light.  It  is  inti- 
mately connected  with  the  whole  history  of  our  race  and  cannot  be 
pursued  without  constantly  acquiring  new  facts  relative  to  the  arts, 
literature  and  commerce  of  the  ancient  nations.  The  scripture  doe- 
trine  as  generally  received  on  this  subject  is  most  explicit  and  full,—* 
that  men  sincerely  desirous  of  knowing  only  the  truth  have  found  diffi- 
culty and  doubt  in  investigating  the  subject,  is  a  proof  it  is  less  simple 
than  many  have  supposed.  Dr.  Smyth's  book  will  be  read  with  lively 
interest  by  all  who  are  interested  in  candid  discussion,  and  we  wait 
with  eagerness  the  arguments  which  his  celebrated  antagonist  will  bring 
to  meet  the  conclusions  of  the  present  work. 

3.  Report  of  Prof  Albxander  D.  Bache,  Superintendent  of  the 
{U.  S,)  Coast  Survey^  showing  the  progress  of  that  work  for  the  year  end* 
ing  October^  1849.  31st  Congress,  1st  Session.  Ex.  Doc.  No.  4.  8vo, 
pp.  98,  with  16  maps  and  sketches. — This  report  like  its  predecessors 
from  the  same  source,  gives  ample  evidence  of  the  seal,  progress,  and 
the  highest  scientific  attainment  in  the  prosecution  of  the  great  task  of 
carrying  out  and  completing  the  survey  of  the  coasts  of  the  United 
Slates.  The  report  contains : — 1.  A  general  statement  of  the  progress 
of  the  coast  survey,  and  of  the  publication  of  its  results.  2.  A  sepa- 
rate summary  of  the  progress  during  the  past  year.  3.  The  work  pro- 
posed for  the  next ^caZ  year^  with  the  estimated  cost.  4.  A  more  de- 
tailed account  of  the  several  operations  in  each  section  of  the  survey, 
under  the  different  officers,  with  a  notice  of  the  results  obtained.  5. 
An  account  of  the  office  work  for  the  year.  An  Appendix  contains 
tables  of  occupation  of  the  parties  and  results,  reports  from  the  as- 
sistants on  matters  of  interest  to  navigation,  lists  of  maps  published, 
and  the  like.  The  general  progress  of  the  coast  survey  as  summed  up 
ia  this  report,  occupies  several  pases,  arranged  under  the  sections  into 
which  the  work  is  divided.    The  great  increase  of  our  coast  line  con* 
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sequent  on  the  acquisition  of  California,  dec.,  has  much  increased  the 
labor  and  time  required  in  the  ultimate  completion  of  the  entire  work. 
Dr.  Bache  remarks  that  the  operations  of  the  survey  are  now  generallj 
understood  ;  but  it  is  not  so  generally  known  that  the  scientific  ports  of 
the  work  which  give  it  its  great  value— its  essential  value — are  not  the 
expensive  parts,  but  that  those  most  eminently  practical  are  those  that 
are  most  costly. 

Dr.  Bache  states  that  the  whole  coast  of  the  United  States  is  very  re- 
markably well  adapted  for  the  application  of  the  geodetic  method  of 
survey.  The  difficult  parts  of  the  coast  are  reduced  to  so  small  a  space 
that  it  is  scarcely  worth  considering,  and  it  is  remarkable  how  the  con* 
stant  tendency  is  to  contract  this  to  still  smaller  dimensions,  and  how  a 
close  examination  develops  unexpected  facilities,  diminishing  the  re- 
sources required  in  applying  a  method  which  is  as  flexible  as  it  is  exact. 

The  magnetic  telegraph  has  given  new  precision  to  this  kind  of  sur* 
vey  just  in  the  point  in  which  it  was  least  strong,  and  has  rendered  the 
measurement  of  an  arc  of  a  parallel  an  operation  of  the  same  kind 
with  the  measurement  of  an  arc  of  the  meridian. 

A  sketch  of  the  operations  of  the  coast  survey  in  this  new  means  of 
physical  research  will  be  found  in  the  Appendix  to  the  present  number 
of  this  Journal.  For  further  and  important  details  we  refer  to  the  re- 
port itself. 

4.  An  Elementary  Course  of  Geology^  Mineralogy  and  Pkytieal 
Geography  ;  by  David  T.  Ansted,  M.A.,  F.R.S.,  &c.  London : 
J.  Van  Voorst,  Paternoster  Row.  1850.  pp.  584, 12mo. — Prof.  Ansted 
established  his  positi6n  as  a  successful  scientific  author  in  his  scholar- 
like '^  Geology,  Introductory,  Descriptive  and  Practical,''  2  vols.,  8vo, 
published  in  1844.  The  ^^  Ancient  World"  of  the  same  author,  has 
also  contributed  largely  to  his  reputation,  and  both  those  works  have 
prepared  the  way  for  the  present  manual.  It  is  what  its  title  indicates, 
an  Elementary  treatise  on  the  several  subjects  embraced  in  its  range. 

The  order  pursued  is  first,  physical  geography,  in  which  are  dis- 
cussed the  properties,  conditions  and  forces  of  matter,  the  form,  density 
and  temperature  of  the  earth,  the  distribution  of  land  and  water,  rivers, 
lakes  and  mountains,  plains,  savannahs  and  deserts :  the  atmosphere 
and  ocean  with  all  the  physical  phenomena  appropriate  to  them — 
changes  in  the  earth's  surface  by  the  operation  of  temperature,  winds 
and  currents,  or  by  organic  agency — coral  reefs,  deltas,  and  distribu- 
tion of  marine  animals.  This  department  is  closed  by  a  chapter  on  the 
reaction  of  the  interior  of  the  earth  on  its  external  surface,  under  which 
head  of  course  are  grouped  all  the  physical  facts  due  to  internal  heat, 
geysers,  mineral  and  hot  springs,  earthquakes  and  volcanoes  with  their 
geographical  distribution. 

The  second  chapter  is  devoted  to  mineralogy  which  is  considered 
chiefly  as  the  alphabet  of  geology  and  the  exposition  of  products  from 
the  great  laboratory  of  nature.  The  author  has  contrived  to  condense 
a  great  amount  of  information  into  this  chapter  in  a  tabular  form,  in- 
cluding numerous  analyses,  and  he  has  added  also  brief  descriptions 
of  the  most  important  minerals.  At  the  close  of  this  chapter  a  full 
index  is  appended  containing  about  1150  names  of  minerals,  with  refer- 
ences to  the  page  where  mentioned. 


Digiti 


zed  by  Google 


Bibihgraphff.  145 

The  third  part  of  this  work  is  devoted  to  descriptiyb  obolooy  in 
which  the  nature,  mode  of  aggregation  and  metamorphoees  of  rocks 
are  dwelt  on,  their  structure  and  mechanical  displacement  described « 
their  classification  through  the  distribution  of  organic  remains  is  ex- 
plained, and  the  value  of  fossils  in  determining  relative  age.  AAer 
this  follow  chapters  on  the  several  great  formations  with  their  charac- 
teristic  fossils. 

Part  fourth  is  occupied  by  practical  geology  exhibiting  the  applica- 
tion of  geology  to  agriculture,  to  engineering,  and  to  architecture. 
The  final  chapter  is  devoted  rather  fully  to  mining  operations,  and  their 
reference  to  geological  structure. 

Not  the  least  interesting  portion  of  the  volume  to  those  engaged  in 
scientific  instruction,  is  the  Appendix,  containing  in  detail  the  schedules 
for  examination  of  students  in  geology  and  mineralogy  at  Kings  Col- 
lege in  London,  from  June,  184^,  to  September,  1849.  A  judicious 
glossary  of  terms  employed  closes  this  useful  work. 

It  is  so  seldom  that  we  find  a  work  of  any  kind,  and  particularly  a 
scientific  work,  which  has  either  an  index  or  table  of  contents  of  any 
value,  that  when  one  like  the  present  does  present  itself,  so  fully  equip- 
ed  for  usefulness  in  this  respect,  we  cannot  pass  it  without  a  word  of 
commendation  and  approval.  Next  to  having  the  inherent  qualities  of 
excellence  in  a  book  do  we  value  these  indispensable  aids  in  reference, 
without  which  the  labors  of  an  author  deserve  the  oblivion  which  we 
are  persuaded  they  often  meet,  from  the  neglect  of  a  duty  which  is 
none  the  less  important  because  it  is  irksome  and  repulsive. 

We  look  for  an  early  American  edition  of  Prof.  Ansted's  work. 

5.  The  Natural  History  of  the  British  Entomostraca ;  by  W.  Baird, 
M.D.,  P.L.S.,  etc.  London,  1850.  364  pp.,  8vo,  with  36  lithographic 
plates,  partly  colored.  Published  by  the  Ray  Society. — Dr.  Baird  has 
very  thorouglily  investigated  the  Entomostraca  of  Britain,  and  able  arti- 
cles from  him  have  from  time  to  time  appeared  during  some  past  years 
in  different  English  publications.*  The  present  volume  embodies  all  hit 
former  researches,  with  many  others  recently  made,  and  embraces  full 
descriptions  with  the  synonymy  of  all  British  species  known,  and  obser- 
vations on  the  general  characters  and  habits  of  these  minute  Crustacea* 
The  species  are  illustrated  with  figures,  which  in  many  cases  are  given 
with  minute  details  of  structure.  The  publication  of  works  of  such 
merit  by  the  Ray  Society  commends  this  association  to  all  interested  io 
the  progress  of  science. 

6.  Index  Palaonlologicus^  oder  Hbersicht  der  hisjetxt  lekemnten  Fos* 
sUen  Organitmen^  unter  Mitwirkung  der  HH.  Prof  H.  R.  Gtoppert 
und  Herm.  von  Meter,  bearbeitet  von  Dr.  H.  G.  Bronn.  Part  I, 
Nomenclator  Palceontologicw^  alphabetically  arranged,  Ixxxiv  and 
1384  pp.  8vo ;  Part  II,  Enumerator  Palaontologicus^  or  a  systematic 
grouping  of  fossils,  exhibiting  their  positions  in  the  rock  series,  and 
their  relations  to  the  successive  geological  epochs,  980  pp.  8vo. — This 
new  Paiaeontological  work  by  Dr.  Bronn*  and  his  learned  coadjutors, 

*  The  Magazine  of  Zoology  and  Botany,  i,  85,  310,  514,  ii,  132,  400 ;  Annals  and 
Magazine  of  Natural  History,  (continuation  of  the  preceding,)  i,  245,  xi,  81,  xrii, 
410,  and  2nd  series,  i,  21,  896 ;— Also  Trans.  Berwickshire  Nat  Club;  Diefienbach's 
Kew  Zealand. 
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Goppert  and  Meyer,  exhibits  in  every  part  the  most  laborious  research, 
great  skill  in  arrangement,  and  a  wide  eomprebension  of  the  bearing 
and  relations  of  the  various  facts  in  the  science^  Part  I,  commeDoes 
with  some  general  remarks  on  the  study  of  fossils.  A  Bibliography 
follows,  extending  over  36  pages,  and  half  as  many  more  are  occupied 
with  an  explanation  of  the  abbreviated  references.  Then  begins  the 
Nomenclalory  which  is  an  alphabetical  list  of  all  known  genera  and 
species  of  fossils,  covering  1380  pages.  The  author  of  the  name  io 
each  case  is  mentioned,  the  page  of  the  work  or  Journal  on  which  de- 
scribed, the  plate  and  figure  if  Agured,  the  rock  formation  to  which  the 
species  belongs,  often  the  country  where  it  occurs,  with  occasional  syn- 
onyms and  important  observations  upon  the  family  or  class  in  zoology 
to  which  each  genus  pertains.  The  system  of  condensation  is  earned 
so  far  that,  in  general,  all  this  information  is  embraced  in  a  single  line, 
or  even  less.  It  is  obvious  that  a  work  of  this  kind  carefully  prepared 
is  exceedingly  valuable  to  such  as  are  interested  in  the  study  of  fossils. 
Dr.  Bronn  states  that  he  was  nine  years  in  the  preparation  of  the  work, 
and  in  that  time  the  number  of  described  species  was  doubled. 

Part  II,  or  the  Enumerator  PalcBotUologicus^  consists  of  tables  exhib- 
iting the  geological  distribution  of  species,  both  as  regards  the  series  of 
rocks  (26  divisions  in  which  are  referred  to,  and  still  others  subordin- 
ate) and  also  the  continent  and  part  of  continent  where  found.  The 
species  are  systematically  distributed  according  to  the  natural  orders 
or  families.  The  relations  of  the  different  groups  to  the  difierent  geo- 
logical epochs  is  thus  exhibited  to  the  eye.  The  great  subject  of  the 
dependence  of  species  on  the  circunristances  under  which  they  existed, 
or  their  accommodation  in  organization  to  these  circumstances,  is  pre- 
sented  in  a  strong  light,  both  in  the  tables  and  subsequent  chapters. 
There  are  other  tables  and  other  subjects  discussed  with  ability,  for 
which  we  must  refer  to  the  work. 

We  understand  that  this  valuable  work  may  be  had  in  this  country  of 
Mr.  Garrigue  and  of  Westermann,  Brothers,  in  New  York  City,  of 
Eggers  aud  Co.,  Cincinnati,  and  of  P.  Schuster,  in  St  Louis. 

Prof.  Bronn  will  soon  be  engaged  upon  a  new  edition  of  bis  Lethea 
Geognostica,  which  work  will  be  greatly  enlarged. 

7.  Elements  of  Scientific  Agriculture^  or  the  connection  between  Sci^ 
ence  and  the  Art  of  Practical  Farmings  (Prize  Essay  of  the  New  York 
State  Agricultural  Society,)  by  Prof.  John  P.  Norton,  M.A.  :  Albany, 
E.  H.  Pease  &  Co.,  1850.  pp.  208,  12mo.— "  This  little  treatise  is  an 
attempt  to  supply  a  great  and  growing  want  in  our  country ;  a  want  of 
some  elementary  work  that  shall  clearly  and  distinctly  explain  the  great 
principles  that  are  involved  in  the  application  of  science  to  agriculture.^' 
— (Preface.) 

In  the  opinion  of  the  Committee  of  the  New  York  Agricultural  So- 
ciety, of  the  authorities  of  the  State  and  of  the  leading  teachers,  this 
want  in  agricultural  literature  is  here  supplied  in  a  manner  the  most 
complete  and  satisfactory.  They  have  awarded  to  it  the  prize  of  one 
hundred  dollars,  ofiered  for  the  best  treatise  of  this  nature,  and  it  goes 
out  with  all  the  prospect  of  great  and  general  usefulness  which  can  be 
hoped  for  from  the  high  recommendations  of  its  judges,  and  the  repu- 
tation of  its  meritorious  author.     Nothing  more  is  wanting  to  satisfy 
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the  clamor  of  those  who  doubt  th«  poesibilily  of  aoy  good  pmctiee 
coming  from  hooka,  than  such  examples  as  the  present,  of  the  union  of 
accurate  practical  and  scientific  knowledge  in  the  same  volume,  set 
forth  in  intelligible  hut  untechnical  terms,  and  rich  in  illustrations 
drawn  from  the  researches  of  the  laboratory.  Few  we  think  are  so 
enthusiastic  as  to  believe  that  ^  Chemistry  made  easy'  will  ever  teach 
our  farmers  the  art  of  chemical  analysis ;  but  the  day  is  at  hand  when 
it  will  be  no  longer  safe  or  reputable  for  those  who  cultivate  the  soil,  to 
be  ignorant  of  the  elements  of  those  sciences  on  which  successful  prac- 
tice depends.  Such  books  as  the  present  widely  distributed  and  perused 
are  the  surest  means  of  disseminating  and  fixing  these  fundamental 
truths  in  the  practitioners  of  the  '*  mother  of  arts. 

8.  A  Treatise  on  Algebra^  for  the  use  of  Schools  and  Colleges ;  by 
S.  Chasb,  Prof.  Math.  Dartmouth  College.  336  pp.  12mo.  New  York, 
1849 ;  D.  Appleton  &  Co. — This  text-^ok  for  the  study  of  Algebra  \i\ 
convenient  in  size,  clear,  concise  and  rigorous  in  style,  and  well  fitted 
for  instruction.  The  author  states  that  he  has  brought  out  prominently 
the  expressions  and  formulas  required  in  the  higher  applications  of  al- 
gebra, in  order  to  render  them  familiar  and  easy  of  use.  The  work  is 
therefore  well  adapted  to  carry  the  student  forward  in  his  mathematical 
course  and  prepare  him  for  the  reasonings  and  investigations  of  Trigo- 
nometry, Analytical  Geometry,  mechanics,  and  other  branches  of 
mathematical  study.  The  convenience  of  the  student  is  still  further 
promoted  by  a  tabular  view  of  the  principal  algebraic  formulte. 

9.  Minerals  and  their  uses^  in  a  Series  of  Letters  to  a  Lady ;  by 
J.  R.  Jackson,  F.R.S.,  London.  1849.  12mo,  pp.  464.  Jno.  Parker. 
— As  its  title  implies,  this  is  a  work  designed  especially  for  the  ladies. 
The  author  has  with  considerable  skill  and  some  small  talk  grouped 
under  the  several  species  such  facts  as  are  most  interesting  to  the  lady 
reader. 

10.  Third  Annual  Report  of  the  Regents  of  the  University^  of  the 
Condition  of  the  State  Cabinet  of  Natural  History  and  the  Historical 
and  Antiquarian  Collection  annexed  thereto y  (made  to  the  Senate  of 
the  State  of  New  York,  January  11,  1850,)  Albany,  1850.  176  pp. 
8vo,  with  numerous  plates. — This  Report  consists  of  a  Catalogue  of  the 
specimens  in  the  difiTerent  departments  of  Natural  History,  and  that  of 
Indian  Antiquities,  added  to  the  collections  from  Jan.  1,  1849,  to  Jan. 
1,  1850.  Many  of  the  various  Indian  curiosities,  some  of  which  are 
of  singular  interest,  are  figured  and  described,  and  they  are  followed 
by  a  notice  of  several  ancient  remains  of  art  in  Jefierson  and  St.  Law- 
rence counties,  by  F.  B.  Hough,  M.D.,  illustrated  by  sketches. 

Under  the  Mineralogical  Report,  by  L.  C.  Beck,  M.D.,  additional  in- 
formation is  given  with  regard  to  the  minerals  and  mineral  springs  of 
the  state,  partly  from  other  publications,  and  partly  from  original  obser- 
vation. A  mineral  resembling  hypersihene  from  Orange  county,  N.  Y., 
afforded  Beck  on  analysis,  silica  59*50,  oxyd  of  iron  12*00,  magnesia 
27*75.  This  composition,  if  we  take  the  iron  in  the  mineral  as  pro- 
toxyd,  gives  for  the  oxygen  of  the  protoxyds  and  silica  13*32  :  30*92, 
which  is  very  near  4  :  9,  the  ratio  in  hornblende,  whence  the  formula 
(AIg,^e)45i3*     A  greenish  compact  asbestus  (rock wood)  from  Siaten 

*  See  Dana's  Mineralogy,  1860,  p.  685. 
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btand,  gave  SHiea  55*90,  magoetk  80*78,  oxyd  of  iron  11-82,  water 
2*25=100.  Takiog  the  iron  as  protoxyd  in  the  mineral,  the  analysis 
gives  for  the  oxygen  of  the  protoxyds  and  silica  14*44  :  ^*66,  or  1 : 2, 
the  ratio  in  pyroxene,  and  leading  to  the  formula  (Ag,  te)*  Si*.* 

Following  the  Mineralogical  Report  there  is  a  catalogue  of  plants;  and 
then  an  account  of  some  new  species  of  fossils,  and  observations  on 
others,  by  James  Hall,  with  lithographic  illustrations.  The  species  re- 
marked upon  are  named  Buthotrephis  csBspitosa,  Retepora  [?J  fenestrata, 
iEgilops  (new  genus)  subcarinata,  Murchisonia  subfusiformis,  Subulites 
abbreviata,  Oncoceras  constrictum,  Ormoceras  remotiseptum,  Endoce- 
ras  lativentrum,  Colpoceras  virgatum,  and  Asaphus  extans. 

11.  Zoology  of  the  Voyage  of  H.  M.  S,  Samarang  under  ike  Com- 
mand of  Capl.  Sir  Edward  Belcher^  during  the  years  1843-1846. 
Crustacea^  parts  I  and  II;  by  Arthub  Adams,  P.L.S.,  and  Adam 
White,  F.L.S.,  66  pp.  4to,  with  18  plates. — ^The  numerous  species  de- 
scribed and  figured  in  this  very  important  work  belong  almost  excio 
sively  to  the  order  Decapoda.  The  authors  have  proposed  several  new 
genera,  brief  notices  of  which  have  been  before  published  by  them  in 
the  Proceedings  of  the  Zoological  Society  of  London.  The  number  of 
new  species  here  proposed  is  seventy-nine.  The  plates  are  excellent 
and  in  part  colored. 

12.  nunCs  Merchants  Magazine  and  Commercial  Review;  conducted 
by  Freeman  Hunt.  In  monthly  numbers  of  128  pp.,  8vo,  New  York. 
— This  monthly  is  one  of  the  Scientific  Journals  of  the  country,  al- 
though the  title  may  not  indicate  it,  and  sustains  a  high  character.  Its 
articles  are  elaborate,  and  embrace  the  subjects  of  Commerce,  the  Arts 
and  Manufactures,  Mercantile  law.  Insurance,  Currency,  and  related 
topics:  and  in  each  volume  a  fund  of  information  is  collected  together, 
in  which  every  member  of  society  is  interested,  that  cannot  be  else- 
where obtained  in  so  convenient  or  full  a  manner. 

13.  AstronomiealJoumal^  Cambridge^  No.  7,  April  20, 1850.  Obser- 
vations of  Astrsea ;  made  with  the  Filar-micrometer  of  the  Washington 
Equatorial ;  James  Ferguson, — On  the  recent  telegraph  operations  of  the 
U.  S.  Coast  Survey ;  Sears  C.  Walker.—Soie  from  /.  S.  Hubbard  on 
Eneke*s  comet. — No.  8,  Mat  7.  On  the  orbit  of  the  great  comet  of  1843 ; 
J,  S.  Hubbard. — On  an  error  in  the  Greenwich  planetary  reductions; 
Ernst  Schubert, — On  the  Longitude  of  Hudson  (Ohio)  Observatory ; 
Elias  Loomis, — No.  9,  Mat  27th.  On  the  Longitude  of  Hudson  (Ohio) 
Observatory  ;  Elias  Loomis. — On  a  machine  for  the  mechanical  calcu- 
lation of  occultations ;  Rev.  Thos.  Hill. — Elements  of  Iris;  Emsi  Seku* 
bert. — Note  on  the  Longitude  and  Latitude  of  Washington,  D.  C. ;  James 
Cariey. — Supplementary  note  on  an  error  in  the  Greenwich  planetary 
reductions ;  Ernst  Schubert. — Ephemeris  of  Neptune ;  S.  C.  Walker. 
— Lamont^s  observations  of  Neptune. — Comet  of  May  let,  1850. — No. 
10,  J^NE  10th.  Ephemeris  of  Neptune,  1850;  &  C.  Walker.— Ob- 
serrations  of  Astrsea  and  Hygea ;  James  Ferguson.  From  letters  of 
Prof.  Schumacher,  to  the  editor. — Observations  of  Petersen's  comet 
made  at  the  Cambridge  Observatory ;  W.  C.  Bond. — Southern  comet 
of  November,  1849.   Letter  from  Prof.  Maury  to  the  editor,  with  Per- 

*  Dana's  Mineralogy,  ISfiO,  p.  692. 
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gii80D*8  further  obserrations  on  Petersen's  comet — On  the  fiAh  oonnet 
of  1847;  B.A.Gould,  Jr. 

14.  Sdentijic  Annual. — A  second  edition  of  this  volume  with  some 
emendations  and  additions  has  been  prepared  and  issued.  It  is  gratify- 
log  to  know  that  the  work  has  met  with  so  large  a  sale,  and  will  be 
continued  in  future  years. 

15.  Iconographic  EncydopcBdia ;  by  G.  Hecit,  translated  by  Prof. 
S.  F.  Baird, — published  by  R.  Garrigue,  New  York. — Part  9  of  this 
work  has  just  appeared,  containing  geographical  plates  Nos.  23  to  42, 
and  text,  pages  641-649  vol.  i,  and  vol.  ii,  pages  1  to  80. 

Lt.  Bl  F.  Mauet:  Notice  to  Mariners ;  (second  edition,)  being  sailing  directions 
for  the  new  route  to  Rio,  with  tabular  comparisons  of  voyages  by  the  old  and  new 
routes.     Waahingtony  1860. 

Br.  Benjamin  Apthorp  Gk>ULD,  Jr. :  Report  to  the  Smithsonian  Institution  on  the 
history  of  the  discovery  of  Neptune.  8vo,  pp.  66.  Published  by  the  Smithsonian 
Institution. 

Jambs  Hiogins,  M.D. :  Report  as  State  Agricultural  Chemist,  to  the  House  of 
Delegates  of  Maryland    Annapolis.  IS60.    pp.90. 

LovELL  Reeve  :  Concbologin  Tconica,  or  figures  and  descriptions  of  the  shells  of 
molluscous  animals.    4to,  parts  1-86,  also  in  separate  monographs.   London.    1860. 

:  Condiologia  Systematica ;  or  a  complete  System  of  Genera,  illustra- 
ted with  300  plates  and  over  1600  figures  of  species.  2  vols.  4to.  London.  Colored 
10/.,  plain  6/. 

:  Elements  of  Conchology,  an  introduction  to  the  natural  history  of 

shells — ^parts  i  to  x.    8».  6<£  each. 

:  The  Conchologist's  Nomenclator :  or  Catalogue  of  recent  species  of 

Shells,  Ac.    2U 

:  associated  with  Arthur  Adams,  F.L.S.    MoUusca  of  the  Voyage  of 

H.  M.  S.  Samarang.     Part  II,  published  May  1. 

Robert  Hunt:  Panthea,  the  Spirit  of  Nature.    8vo.    London.  1860. 

:  Poetry  of  Science  (second  edition) :  or  Studies  of  the  Physical  Phe- 
nomena of  Nature.     8vo.   London.   1849. 

Rev.  David  Landsborouoh  :  Popular  History  of  British  Sea-weeds.  16mo.  Lon- 
don.   20  colored  plates.     10«.  6dL 

John  Ralfs  :  Tne  British  Desmidiese ;  or  fresh  water  Algae.  1  vol  royal  octavo. 
86  plates,  colored.     86». 

Kkiohenbaoh  :  Researches  on  Magnetism  and  the  other  imponderables  in  their 
effects  on  the  living  frame.  Transited  and  edited  by  Dr.  Gregory.  1  voL  8vo. 
London,  Mav,  1860. 

ABTm.'E  Henfrey:  Reports  and  Papers  on  Botany,  614  pp.  8vo,  with  8  plates; 
published  by  the  Rat  Society,  London,  1849. — This  volume  contains,  1,  Mohl  on  the 
Structure  of  the  Palm-Stem ;  2,  NXgeu  on  Vegetable  Cells ;  8,  Naoeu  on  the 
utricular  structure  in  the  contents  of  cells ;  4,  Link's  Report  on  Physiological  Bot- 
any for  1844-46;  6,  Grisebach's  Report  on  Geographical  Botany  for  1844;  6, 
Grisebach's  Report  on  Geographical  and  Systematic  Botany  for  1846. 

Proceedings  of  the  Acad.  Nat.-  Scl,  Philadelphia,  vol  v.  No.  n.  March,  April, 
1860. — p.  22.  Catalogue  of  Crustacea  in  the  Cabinet  of  the  Academy,  with  critical 
notes,  by  Prof.  L.  R.  OibbeSy  and  a  committee  of  the  Society,  (whole  number  of 
genera  in  the  collection,  seventy-eight,  and  of  species,  one  himdrcd  and  seventy-five.) 
— ^p.  80.  Continuation,  on  the  size  of  the  brain  in  man ;  S.  G.  Morton. — ^p.  32.  Obser- 
vation on  crystalline  bodies  in  animal  tissues ;  /.  Leidy. — p.  84.  On  new  American 
species  of  Annelida  abranchiata ;  J.  Leidi/y  (article  to  be  published  in  the  Journal  of 
the  Academy.) — p.  86.  Descriptions  of  new  Entophyta  growing  within  animals ;  J. 
Leidy. 

Proceedings  of  the  Boston  Soa  Nat.  History.  November  and  December, 
1849. — p.  198.  New  shells  from  Africa  (Vaginulus  1  species,  Succinea  2,  Helix  8, 
Bnlimus  2,  Achatina  8,  Amnioola  1,  Ampullaria  1,  Trichotropis  1,  Aplysia  i)\  A. 
A.  Chfuld. — p.  199.  Observation  on  Lepidoptera ;  AgasHx. — ^p.  200.  On  the  probable 
origin  of  certain  fossil  rain  drops ;  Whitney  and  I)e9or. — ^p.  208.  Observations  on 
the  foot  of  a  species  of  Moschus;  J.  Wyman. — On  the  circulation  and  digestion  in 
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the  lower  animalR ;  Aga»»ix, — p.  206.  On  tlie  Land  dimM  of  Lake  Superior ;  Demr. 
May,  1860,  pages  209-224.— On  a  young  Mastodon ;  /.  TTorrwi.— Point  of  resesn- 
blance  between  Mastodon  and  ManiUee ;  L.  Aga9»iz,--^\xr\&j  of  goyerament  Lands 
on  Lake  Superior ;  J.  2>.  Whitney. — Skulls  of  four  Hindoo  (jastes ;  Dr.  Kneeland. — 
Shells  of  U.  8.  Exploring  Expedition ;  A.  A.  Oculd  Books  receiTed  ending  Dee.  SI. 
Galamite,  of  Bridgewster,  Salt  of  Great  Salt  Lake  and  Oarboonte  of  Soda  from  **  Sal- 
flBratus  I^e ;"  C.  T.  Jackmm,    Tm  in  graphite  slates  of  Vermont;  C.  T.  JackMn. 

Annalss  des  Scienoes  Natueelle3.  May,  1849.  Researches  on  Coral  Zooj^ytea, 
continuation  of  the  very  elaborate  memoir  of  MUne  Edwards  and  /.  Haime. — Or- 
ganization and  development  of  the  Lmguatnlae,  and  description  of  a  new  species ; 
P.  /.  Van  Beneden, — Report  on  a  memoir  by  Dr.  Weddell,  on  the  Natural  History 
of  the  Quinquinas ;  A,  de  Juuieu. — Rectification  of  the  Review  of  the  genus  Cinchona, 
published  in  vol  x,  p.  5 ;  A.  Weddell. — 17th  notice  of  the  Crypto^;amous  plants  re- 
cently discovered  in  France ;  /.  B.  If.  J.  Demuusikret.' — Chronological  exposition  of 
the  periods  of  vegetation,  and  of  the  different  Floras  wluch  have  existed  successive- 
ly on  the  earth's  surface ;  Ad  Brangniart. — J  UNE.  On  the  Linguatuhe,  continued ; 
ran  Beneden. — On  the  formation  and  structure  of  muscular  fibre;  Ihr.  Lebert, — Pe- 
riods of  vegetation  and  floras  of  the  earth,  continued ;  Ad  BrongtUart — 17th  notice 
of  the  Cryptogamia  of  France,  continued ;  Demnaxuret. — New  researches  into  the 
anatomv  and  physiology  of  the  Fig  tree  and  Caprificus ;  G.  Gatparrini. — Growth  of 
the  embryo  of  Phanerogamia,  a  series  of  microscopic  researches ;  W.  HofmeuUr^ — 
JULY.  New  observations  on  the  Diatomaoeaa  ;  O.  U.  K.  ThwaUes. — On  vegetable 
Embryogeny;  L.  R.  Tulaane, — On  the  organixation  of  the  Helminthids ;  E,  Blanch- 
ard — ^AUGUST.  Ou  vegetable  Embryogeny,  continued ;  L.  R.  Tulaane. — On  An- 
nelida, continued ;  E.  Blanchard — On  the  Osteolo^  of  Uie  fish  called  Triodon  ma- 
croptera;  C.  Darette. — On  a  new  genus  of  Brachiopoda,  (Davidsonia,)  forming  a 
connecting  link  between  the  articulated  and  non-articuUted  species ;  M.  Bouchard- 
Chanter  aux. — Researches  on  Coral  Zoophytes ;  M,  Edwards  and  J.  Haime. 

Aaomv  FiJa  Natueoibbohichte,  W.  F.  Eeichson. — Berlin. — No.  Ill,  1848.  On  the 
Egg  of  Snails,  continued ;  H.  Rathke.-^n  the  Echmorhynchus  Tuba ;  Dr.  Creplin, 
— Description  of  a  new  species  of  Ascaris,  found  in  the  Python  bivittatus ;  A.  Rei- 
ziu9. — ^Anatomy  and  Natural  History  of  Angiostoma  limacis ;  Dr.  Fr.  WilL — De- 
scription of  small  species  of  Mammalia  from  Syria  and  Africa,  Genera  Rhinolonhus, 
Myoxus, Meriones,  Hypudasus,  Mus ;  A.  Wagner. — On  the  Gregarins;  A.  von  Frant- 
nus. — Continuation  of  the  Report  on  Insects,  Aradmida  and  Crustacea  for  the  year 
1847;  Erichson^  (unfinished  m  consequence  of  the  death  of  Erichson,  and  to  be 
completed  with  the  Report  for  1848). — Report  on  Mammalia  for  1847  ;  A.  Wagner 
of  Munich.— N a  IV.  On  the  Gregannie,  continued ;  A.  von  Frantniu. — Omitholog- 
ical  Fauna  of  the  Faroe  Islands,  from  Kroyer's  Tidsskrifl ;  P.  Alberg  Holm. — Re- 
port on  Mammalia  for  1847  ;  A,  ITci^ntfr.— Report  on  systematic  Botany  for  1846  ; 
A.  OrisehacK 

No.  I,  1849.  Edited  by  Dr.  F.  H.  Troschkl,  Professor  at  the  Friederich-Wilhehns- 
Universitfit  at  Bonn,  in  connection  with  Prof  Dr.  Grisebach  of  Gottingen,  Prof  Dr. 
Siebold  of  Freiburg,  Prof  A.  Wagner  of  Munich,  and  Dr.  Leuckart  of  Gottingen. — 
16th  year.  Part  I  1849.— On  Soring  MoUusca;  A.  Hancock.  (From  Mag.  Nat. 
Hist,  li,  225,  1848).  On  the  propagation  of  the  Kangaroo ;  Dr.  Leisering.— On  the 
bony  structure  of  the  Sea  Bear  and  sea  Otter;  A.  Wagner.— TbiTd  appendix  to 
Gurlt's  memoir  on  the  Endosoa  of  animals ;  Dr.  Chwlin. — On  the  anatomy  of  the 
Ornithorbynchus  and  Tadiyglossus ;  Fro/.  Mayer  of  fionn. — On  the  development  of 
Infusoria ;  Dr.  F.  Stein. — 6o.  11  Development  of  Infusoria,  continued ;  Dr.  F.  Stein, 
—Fauna  of  Iceland,  (Ist  part,  Worms);  Dr.  R.  Leuckart.^Q  the  shells  of  the 
Muscle  and  Pearls,  and  their  crystallographic  and  mineralogical  relations  to  calc 
spar  and  arragonite ;  J.  NoggeratK — On  the  mouth  pirts  of  the  Helidnae ;  Dr.  Tro- 
9cheL — A  word  on  the  quinary  System ;  J.  Kaup. — On  the  Boring  Moliusca,  (contin- 
ued) ;  A.  Hancock. — Report  on  Mammalia  for  1848  ;  A.  Wagner. 

JouaNAL  or  THE  Indian  Arobipelago  and  Eastkkn  Asia,  vol.  viii.  No.  i,  1849. — 
p.  66.  A  contribution  to  the  knowledge  of  the  Ichthyological  Fauna  of  Celebes,  bj 
Dr.  Bleeker.  [Contains  a  catalogue  of  species,  and  description  of  several  that  are 
new.] 

Soon  to  appear,  published  by  Gould,  Kendall  and  Linooln,  of  Boston,  Hugh  Mil- 
ler's Footprints  of  the  Creator,  with  a  memoir  of  the  author,  by  Prof  AgaMx,  and 
also,  Hunts  Poetry  of  Science,  both  works  of  great  merit  and  interest. 
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Report  on  the  Experience  of  the  Coast  Survey  in  regard  to  Tel- 
egraph C^erations^for  determination  of  Longitude^  ^.* 

[Extracted  from  tlie  Proceedinj^^  of  the  Am.  Association  for  the  Advancement  of 
Science,  1849,  p.  182.] 

Mr.  Sears  C.  Walker,  Assistant  in  the  United  States  Coast 
Survey,  by  instructions  from  the  Superintendent,  communicated 
the  substance  of  his  recent  Report  on  the  Experience  of  the  Coast 
Survey,  in  regard  to  telegraph  operations,  as  follows : — 

The  duty  of  communicating  to  the  Association  the  experience 
of  the  United  States  Coast  Survey,  in  regard  to  telegraph  opera- 
tions, has  been  assigned  me  by  the  Superintendent. 

The  first  mention  of  the  electro-magnetic  telegraph,  in  connec- 
tion with  longitude  operations,  as  far  as  I  know,  was  made,  in 
1837,  by  M.  Arago  to  Dr.  Morse. 

The  first  practical  application  of  the  method  was  by  Captain 
Wilkes,  in  1844,  between  Washington  and  Baltimore.  Two 
chronometers,  previously  rated  by  astronomical  observations  in 
the  vicinity,  were  brought  to  the  two  telegraph  offices,  and  were 
compared  together  through  the  medium  of  the  ear,  without  coin- 
cidence of  beats.  This  process  is  accurate  enough  for  geographi- 
cal or  nautical  purposes ;  but  its  precision  stops  short  of  the  mark 
where  the  requirements  of  geodesy  begin.  In  fact,  two  clocks 
beating  the  same  kind  of  time,  when  placed  side  by  side,  cannot 
be  compared  together,  by  the  human  ear,  with  sufficient  precis- 
ion for  geodetical  purposes.     The  subsequent  experience  of  the 


*  This  article  should  hare  appeared  in  this  Journal,  at  an  earlier  day ;  but  the  very 
tardy  Issuin^^  of  the  volume  of  *  Proceedings,'  Ac.,  in  which  it  is  printed,  prevented 
our  publishing  it  at  the  same  time  with  the  article  on  the  *  Electro-chronograph'  by 
John  Locke,  which  appeared  in  September  last  year,  (voL  viii,  p.  281.) 

It  is  well  known  that  a  personal  controversy  exists  among  etaunants  in  thk  inter- 
esting research.  It  is  not  our  purpose  to  discuss  its  merits,  did  we  understand  them. 
The  responsibility  of  published  statements  must  rest  with  those  who  make  them, 
and  we  wish  it  distinctly  understood  (as  we  suppose  indeed  it  now  is),  that  the  Ed- 
itors of  tins  Journal  hold  themselves  responsible  for  do  facts  or  opinions  published  in 
these  pages,  unless  uttered  in  their  own  individual  or  collective  names.  No  articles 
find  aomissiou  to  our  pages  without  the  name  of  a  responsible  author,  and  beyond 
the  strict  Innits  of  improper  personality,  the  authors  alone  are  to  be  held  responsible 
for  the  ground  assumed  in  their  severu  communications. 

A  long  experience  has  convinced  ns  that  there  is  no  ground,  except  that  an- 
noimced  above,  on  which  we  can  safely  stand,  in  cases  where  controversy  exists  in 
matters  of  aeieiice. — SdUon  Am,  Jomr,  8ci, 
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Coast  Survey  has  shown,  that  where  several  astronomers  make 
independent  comparisons  of  clocks,  in  this  manner,  two  seconds 
of  arc,  or  twelve-hundredths  of  a  second  of  time,  is  an  average 
discrepancy  between  their  results. 

The  subject  of  telegraph  operations  for  longitude  had  engaged 
the  attention  of  the  Superintendent  of  the  Coast  Survey,  previ- 
ous to  the  experiment  of  Captain  Wilkes ;  but  the  orders  receiv- 
ed by  me  for  this  purpose,  bear  date  of  November  24,  1845.  In 
1846,  the  very  first  season  in  which  two  astronomical  stations  of 
the  Survey  were  brought  in  connection  by  the  Morse  telegraph 
lines,  the  work  of  connecting  them  together,  in  longitude,  was 
commenced  in  earnest  by  the  Superintendent  of  the  Coast  Sur- 
vey. The  cooperation  of  the  National  Observatory,  as  one  of 
the  stations,  was  freely  tendered  by  its  Superintendent,  Lieut 
Matthew  F.  Maury,  U.  S.  N.,  and  accepted  by  Prof.  Bache.  The 
detail  of  the  operations  was  left  to  me.  The  Comptrollers  of  the 
Public  Schools  of  Philadelphia  had  tendered  the  free  use  of  their 
High  School  Observatory,  under  the  direction  of  Prof.  E,  Ous 
Kendall.  An  additional  station,  at  Jersey  City,  was  fitted  up  by 
the  Coast  Survey,  with  astronomical  instruments,  under  the  direc- 
tion of  Prof.  E.  Loomis.  The  three  stations  were  connected  by 
special  junction  lines,  (built  at  the  expense  of  the  Survey,)  with 
the  main  Morse  line,  from  Washington  to  Jersey  City,  under  the 
Presidency  of  the  Hon.  Amos  Kendall.  Three  full  sets  of  tele- 
graph keys  and  receiving  magnets  were  made  for  the  purpose,  at 
the  machine  shop  of  the  Coast  Survey  Office,  under  Mr.  Saxton's 
directions,  and  three  Morse  registers  were  purchased  for  the  occa- 
sion, from  Mr.  Clark,  an  instrument-maker  in  Philadelphia. 

Owing  to  the  imperfect  insulation  of  the  lines,  the  connection 
of  Jersey  City  with  Washington  failed  that  year ;  but  the  Wash- 
ington and  Philadelphia  stations  were  connected  together  astro- 
nomically on  the  lOlh  and  22d  of  October. 

The  method  of  comparison,  by  coincidence  of  beats  of  solar 
and  sidereal  timekeepers,  was  not  introduced  this  year ;  but  the 
equivalent  one  was  employed,  namely,  the  exchange  of  star  sig- 
nals. These  are  the  dates  of  instants  of  the  passage  of  a  star 
over  the  wires  of  the  eye-piece  of  the  transit  instrument,  signal- 
ized by  tapping  on  the  telegraph  key  at  one  station,  and  recording 
it  on  the  Morse  register  at  both. 

Since  this  operation  of  making  the  time  of  a  star's  transit 
legible  on  any  number  of  registers  at  any  number  of  stations  is 
likely  to  come  into  general  use,  in  geodesy,  geography,  and  hy- 
drography, so  long  as  there  remains  on  the  earth's  surface  any  two 
important  points  whose  relative  longitude  is  unknown,  the  origin 
of  the  method  must  be  a  subject  of  historical  interest. 

The  idea  of  substituting  for  clock  signals,  which  have  no  im- 
mediate relation  to  longitudes,  those  of  the  times  of  a  star's  trau- 
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sits,  which  have  such  a  relation,  occurred  in  the  winter  of  1845 
and  1846,  in  a  consultation  between  the  Superintendent  and  my- 
self. Which  made  the  first  suggestion,  I  cannot  now  say,  nor  is 
it  a  matter  of  much  importance  to  either  of  us  personeJIy.  As 
respects  the  service  in  which  we  are  engaged,  the  origin  is  a  mat- 
ter of  importance.  It  is  a  subject  of  just  pride  to  those  engaged 
in  it,  that  the  first  conception  of  the  method,  and  the  first  practi- 
cal operation  with  it,  are  peculiarly  its  own.  The  blank  form. 
No.  2,  of  telegraph  operations,  drawn  up  by  me  in  the  spring  of 
1846,  and  lithographed  for  use  at  the  three  stations,  is  headed 
"Coast  Survey,"  and  is  described  in  my  lithographed  "Circular 
to  the  Telegraph  Operators."  It  is  dated  "  Coast  Survey  Office, 
September  25th,  1846."  In  pursuance  of  this  programme,  on 
the  10th  of  October,  the  transit  of  the  star  2838  Bailey,  over  the 
seven  wires  of  the  west  transit  instrument  of  the  "Washington 
Observatory,  was  signalized  by  Lieut.  Almy,  U.  S.  N.,  the  officer 
having  charge  of  that  instrument.  This  transit  was  noted  on 
the  Washington  clock,  by  Lieut.  Almy,  and  also,  by  myself,  com- 
paring together,  by  the  ear,  the  seven  key  beats,  with  the  clock 
beats.  The  same  key  beats  were  also  noted  by  Prof.  Kendall,  at 
Philadelphia.  This  was  the  first  practical  application  of  the 
method  of  star  signals,  which  is  sooner  or  later  to  perfect  the 
geography  of  the  globe.  The  signals  were  made  visible  on  the 
running  fillet  of  paper.  The  fillet  was  not  then  furnished  with 
a  visible  graduation. 

The  personal  graduated  clock  register j  and  the  personal  regis- 
ter of  the  star  signal,  were  both  made  in  an  evanescent  form  on 
the  auditory  nerve  of  the  ear.  Two  years  later,  ( 1848,)  the  vis- 
ible was  substituted  for  the  auditory  register,  in  the  month  of 
July.  In  the  month  of  November,  the  automatic  visible  register 
took  the  place  of  the  personal  visible  register,  and  constituted  the 
last  step  in  the  improvement  of  the  art  of  telegraph  operations 
for  longitude. 

Whether  we  use  the  personal  auditory ,  personal  visible,  or  the 
automatic  visible  register,  the  theory  of  the  resulting  longitudes 
is  the  same.  They  difier  only  in  the  superior  facility,  precision, 
and  permanency  of  the  latter. 

This  analytical  theory,  from  beginning  to  end,  belongs  to  the 
Coast  Survey  Service.  My  letter  to  the  Superintendent,  on  file 
in  the  Coast  Survey  Office,  dated  October  3d,  1846,  contains  the 
analytical  theory  of  longitudes  by  star  signals,  whether  recorded 
on  a,  personal  auditory  register,  as  in  1846,  a  personal  visible  reg* 
ister,  as  in  1848,  or  an  autofnatic  visible  register,  as  in  1849. 

I  deem  it,  therefore,  but  a  duty  to  the  service  in  which  I  am 
engaged,  to  declare,  in  the  presence  of  the  members  of  the  As- 
sociation, that,  with  the  single  exception  of  the  experiment  be- 
tween Baltimore  and  Washington,  by  Captain  Wilkes,  in  1844, 1 
SKJoai  SiaiEi*  VoL  X,  No.  S8w— July,  I860.  20 
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know  of  DO  telegraph  operations  for  longitude,  and  of  no  step  id 
the  improvement,  or  perfectionment  of  the  art  in  Europe  or  Amer- 
ica, which  have  not  been  the  work  of  the  officers  proper  of  the 
Coast  Survey,  or  of  commissioned  officers  and  civilians  acting 
temporarily  as  assistants. 

After  this  digression,  I  resume  the  recital  of  our  experience  in 
the  Coast  Survey. 

In  1846,  we  connected  together,  in  longitude,  the  Washington 
and  Philadelphia  stations.  In  1847,  the  programme  left  unfinish- 
ed in  1846,  by  the  imperfection  of  the  lines,  was  resumed  aod 
completed,  and  Washington,  Philadelphia,  and  Jersey  City,  wen 
connected  together.  On  the  27th  of  July,  1847,  the  method  of 
coincidence  of  beats,  used  so  successfully  by  R.  T.  Paine,  Esq., 
in  the  chronometric  operations  for  longitude,  in  Massachusetts, 
and  by  Struve  and  Airy  in  their  chronometric  enterprises,  was  ap- 
plied to  the  telegraphic  comparisons  of  the  Philadelphia  and  Je^ 
sey  City  Clocks.  This  method  of  coincidences  was  used  in  com- 
bination with  exchanges  of  star  signals  in  the  telegraphic  opera- 
tions of  the  Coast  Survey,  in  1848,  when  the  Cambridge  Observ- 
atory, under  Prof.  Bond,  and  the  Stuyvesant  station  in  the  ga^ 
den  of  Dr.  Rutherford,  New  York,  under  the  direction  of  Prot 
Loomis,  were  connected  together  by  the  Coast  Survey.  The  lines 
of  junction  with  the  main  line,  under  the  presidency  of  the  Hon. 
Fmncis  O.  J.  Smith,  the  telegraph  apparatus,  and  the  astronomical 
instruments  of  the  Stuyvesant  station,  were  furnished  at  the  ex- 
pense of  the  Survey.  During  these  operations,  in  July  and  Au- 
gust, Prof  Bond  proposed  to  subsiitute  the  automatic  instead  of  the 
personal  seconds  circuit  breaker,  and  submitted  to  me  a  sketch  of 
his  plan  for  effecting  the  make  and  break  circuit  by  the  escape- 
ment beat.  On  my  special  recommendation,  by  report  to  the  Su- 
perintendent, dated  August  11th,  1848,  an  order  was  given  to  Mr. 
Bond  for  the  completion  of  a  circuit  breaker  clock  on  his  plan. 

The  automatic  clock  circuit  breaker,  named  by  Dr.  Page,  of 
Washington  city,  an  electrotom^  clock,  is  not  an  Ajnerican  inven- 
tion. It  was  used  more  than  ten  years  ago,  by  Messrs.  Wheat- 
stone,  Bain,  and  Steiuheil,  in  Europe.  It  is  due  also  to  Prof. 
Bache,  Mr.  Saxton,  and  Dr.  Morse,  to  say  that  each  of  them  sug- 
gested the  use  of  clock  electrotomes,  in  1846,  with  particular  de- 
scriptions of  the  methods.  I  was  deterred  from  using  them  in 
connection  with  the  observing  astronomical  clocks  at  the  time, 
from  apprehension  of  disturbance  of  their  rates. 

This  apprehension  was  in  reality  groundless,  and  I  would  here 
make  the  remark  that  all  the  methods  then  and  since  proposed  or 
tried,  for  clock  electrotomes,  and  all  the  various  methods  of  regis- 
tering, are  precise  enough  for  the  purposes  of  geodesy.  Hence, 
in  giving  preference  to  one  over  another,  we  should  only  be  guided 
by  considerations  of  facility  and  economy  of  outfit,  and  of  facil- 
ity of  making,  reading,  and  preserving  the  printed  registers. 


Digiti 


zed  by  Google 


Coast  Survey  and  Telegraph  Operations,  155 

After  concluding  the  work  between  Cambridge  and  New  York, 
in  1848,  the  month  of  October  was  employed  by  the  Coast  Sur- 
vey in  connecting  Philadelphia  and  Cincinnati,  by  means  of  the 
O'Reilly  Morse  lines.  The  Philadelphia  junction  line  was  made 
by  the  Coast  Survey.  The  Cincinnati  junction  line  of  half  a 
mile  in  length  was  erected  by  Henry  O'Reilly,  Esq.,  and  present- 
ed to  the  Cincinnati  Observatory,  as  his  subscription  towards  that 
establishment.  The  transit  and  telegraph  instruments  for  Cincin- 
nati, were  supplied  by  the  Coast  Survey  for  Prof.  Mitchel. 

The  labors  of  the  year  1848  comprise  some  1800  observed 
transits  of  stars,  800  comparisons  of  chronometers,  by  coinciden- 
ces of  beats  taken  at  the  stations.  5,000  transits  over  wires,  for 
determining  the  personal  equations  of  the  officers  of  the  Survey, 
many  thousand  exchanges  of  personal  clock  signals,  and  600  of 
star  transit  signals. 

If  even  this  prodigious  accumulation  of  statistics  was  consid- 
ered a  gain  of  many  fold  over  the  old  method  of  obtaining  astro- 
nomical longitudes,  what  shall  we  say  of  the  automatic  process 
employed  in  1849,  where  one  night's  exchange  of  star-signals  be- 
tween Philadelphia  and  the  Seaton  station,  printed  automatically 
on  the  single  sheet  of  paper  now  before  you,  is  worth  the  whole 
list  of  statistics  collected  by  the  Coast  Survey  between  Philadel- 
phia and  Washington,  in  1847. 

The  subject  of  the  invention  of  the  automatic  clock  register  is 
explained  in  full  in  my  Report  to  the  Superintendent  of  the  Coast 
Survey,  of  December  15th,  1848,  which,  with  his  letter  commu- 
nicating it  to  the  Treasury  Department,  and  that  of  the  Hon. 
Robert  J.  Walker,  communicating  both  to  Congress,  have  since 
been  extensively  circulated  by  the  press. 

I  will  not  here  allude  to  the  respective  claims  of  Americans  for 
priority  or  superior  excellence  of  inventions  and  suggestions,  be- 
lieving that  it  will  be  becoming  for  all  of  us,  to  look  to  the  great 
work  that  has  been  accomplished,  by  our  united  efforts,  rather 
than  to  the  single  share  of  each. 

Peeling  the  responsibility  under  which  I  was  acting,  I  spoke 
with  caution  on  the  subject  of  the  comparative  excellence  of  the 
automatic  printing  method ;  though  some  of  my  friends  thought 
that  its  merits  were  overrated.  I  appealed  to  the  experiments 
that  were  to  be  made  in  the  campaigns  of  1849  for  a  test  of  the 
new  method.  That  which  was  then  anticipation  only,  is  now 
reality ;  and  I  am  able  to  say,  from  recent  trials,  between  Cam- 
bridge and  Washington  in  January  last,  and  between  the  Seaton 
station  under  my  care  at  Washington,  and  the  stations  at  Phila- 
delphia under  Prof.  Kendall,  and  Hudson,  Ohio,  under  Professor 
Loomis,  in  July^tmd  the  current  month,  that  the  excellence  of  the 
new  method  surpasses  all  that  I  ventured  to  hope  for  in  Decem- 
ber last.    I  then  ventured  to  claim  for  the  automatic  printing 
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method  a  ten-fold  gain  over  the  old  one.  I  now  find  that  one 
transit  over  one  wire  is  worth  four  wires  by  the  old  method,  and 
that  ten  transits  over  wires  niay  now  be  printed,  where  one  was 
done  before ;  making  a  gain  by  the  new  or  automatic  method  of 
some  forty-^fold.  I  mean  by  this  the  gain  from  multiplication  of 
transits  over  wires,  and  superior  precision  of  each.  We  cannot 
in  one  night  obtain  the  advantage  of  the  average  of  the  meteoro- 
logical peculiarities  of  forty. 

The  various  clock  eleciroiomes  may  be  thus  classified : 


Author.                    ^'oV^^g^r"     1                    Descrlpl.onofmel.K,d.                   j 

Wbeafcstone    .     .     . 
Bain 

1840. 

Circular  disc  on  arbor  of  second's  wheeLI 
Sliding  rod  moved  hy  pendulum. 

Platinum  tilt  hammer  moved  by  pendu-' 
lum. 

Globule  of  quicksilver  struck  by  pendu- 
lum. 

Platinum  tOt  hammer  struck  by  teeth  of 
the  minute  irheel. 

Escapement  electrotoma 

Quicksilver  struck  by  pendulum. 

Platinum  tilt  hanmier  struck  by  teeth  ofi 
eeconds-wheeL                                          1 

Steinheil  .... 
Saxtoa     .     ,      .     , 

Saxtoa     ...      . 

Johnson  &  Speed 

Bond 

Mitchel    .... 
Locke       .... 

Not  known. 

At  launch  of 

Frigate  Raritan. 

In  1846. 

In  1847. 

In  1848. 

II 

I  have  already  remarked  that  I  believe  that  all  these  electro- 
tomes  will  succeed  in  practice,  without  injury  to  the  rate  of  the 
clock.  In  making  our  selection  we  must  look  to  facility  and 
cheapness  of  constructioa,  and  to  uniformity  of  graduation  of  the 
time  scale.  In  the  present  state  of  my  experience  on  this  subject, 
X  prefer  the  form  now  in  use  at  the  Se^on  station,  recently  ap- 
plied by  Mr.  Saxton  to  the  Hardy  dead-beat  clock  of  the  Unit^ 
States  Coast  Survey,  imported  by  its  late  Superintendent,  Mr. 
Hassler,  and  by  him  described  in  the  Transactions  of  the  Ameri- 
can Philosophical  Society.  The  electrotome  is  on  the  model 
used  by  Mr.  Saxton  several  years  ago,  at  the  time  of  the  launch 
of  the  frigate  Raritan,  at  Philadelphia.  The  perfect  gravity  es- 
capement, (resembling,  I  believe,  that  which  was  recently  invent- 
ed by  Dr.  Locke,)  has  been  substituted  by  Mr.  Saxton  for  Hardy's 
springs.  Two  pounds  have  been  added  to  the  weight  of  the 
clock  to  prevent  danger  of  stopping  by  increased  friction.  In 
this  condition  Mr.  Saxton  expresses  the  opinion  that  the  clock  of 
the  Seaton  station  is  the  best  clock  extant.  It  has  broken  the 
circuit  for  forty  days  without  interruption,  and  has  in  no  instance 
deviated  in  an  appreciable  amount  from  its  losing  rate  of  one-tenth 
of  a  second  per  day.  For  a  more  full  understanding  of  it,  I  refer 
you  to  the  accompanying  description  and  drawiugs  by  Mr.  Saxton. 

I  have  spoken  of  the  automatic  circuit  breaking  clocks  ;  it  re- 
mains to  notice  the  automatic  registers.  The  first  in  order  is  the 
jregistering  fillet  of  Dr.  Morse,  described  in  my  report  of  Decem- 
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ber  last  This  has  no  maintaining  power.  It  may  be  made  to 
run  with  one  winding  for  fifteen  minutes ;  but  gives  uncertain 
records  during  the  time  of  winding. 

In  reading  off  the  dates  of  the  signal  electrotomeson  the  clock 
electrotome  scale,  a  small  strip  of  paper  or  of  horn,  is  used,  which 
in  ten  inches  diverges  from  a  point  to  the  extent  of  a  second  on 
the  register.  This  is  placed  on  the  fillet  of  paper,  so  that  its 
width  equals  the  distance  of  the  clock  and  signal  electrotomes. 
The  tenths  of  seconds  are  read  off  at  sight,  and  hundredths  are 
set  down  by  estimation.  A  correction  for  rate  of  the  actual  time 
scale  on  that  of  the  normal  or  measuring  scale  might  be  applied 
if  we  wished ;  but  on  experience  of  a  month  at  the  station,  we 
find  that  the  neglect  of  it  brings  an  error  not  greater  than  that  of 
the  conjecture,  relative  to  the  hundredth  of  the  second,  so  that  in 
practice  we  may  dispense  with  the  correction  altogether. 

The  next  method  is  the  chemical  method  of  registering  with 
the  main  circuit.  I  have  made  full  experiments  with  it,  and 
think  that  the  advantage  of  avoiding  the  errors  of  the  relay  and 
primary  armature  time,  are  more  than  counterbalanced  by  the 
difficulty  and  irregularity  of  the  action  of  the  current,  the  indis- 
tinctness of  the  edges  of  the  scale  pauses  after  the  paper  is  dry, 
and  the  irregularity  of  hygrometric  expansion  of  the  paper. 

In  the  experiment  of  measuring  the  velocity  of  the  hydro-gal- 
vanic current,  the  method  will  be  useful,  as  it  removes  all  ques- 
tions relative  to  armature  time,  though  perhaps  it  substitutes  a 
longer  delay,  which  I  may  call  chemical  action  time. 

On  the  subject  of  the  velocity  of  the  hydro-galvanic  current,  I 
would  remark  that  the  experiment  of  January  23d,  between  Cam- 
bridge, Philadelphia,  and  Washington,  indicates  a  velocity  about 
one-tenth  of  that  of  light.  This  value,  though  probable,  is  by 
no  means  certain,  and  I  would  wish  to  speak  with  caution  till 
more  experiments  are  made. 

The  third  form  is  the  register  on  a  disc  with  concentric  circles, 
as  described  by  Prof.  O.  M.  Mitchel,  in  his  letters  to  the  Superin- 
tendent. 

Prof,  MitchePs  experience  of  the  despatch  and  precision  of  the 
work,  confirms  my  own.  I  have  no  doubt  that  his  method  of 
registration  is  excellent  ]  perhaps  not  inferior  in  compactness,  pre- 
cision, and  facility  of  reading  off,  to  the  Saxton  sheets.  I  should 
wish  for  the  opportunity  of  personal  inspection  before  giving  an 
opinion  conclusively  on  the  subject. 

The  fourth  form  of  the  register  is  Mr.  Saxton's  invention  of 
this  year.  I  submit  his  drawings  of  the  machine.  It  is  some- 
what on  the  plan  of  his  celebrated  ruling  machine.  The  cylin- 
der now  before  the  Association  contains  the  culmination  of  the 
planet  Neptune  and  the  stars  near  his  parallel,  printed  by  me  at 
the  Seaton  station,  Aug.  11,  1849.    It  might  seem  that  the  sub- 
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ject  of  the  place  of  the  planet  Neptune  is  foreign  to  the  purpose 
of  telegraph  operations.  Such  is  not  the  case ;  for  we  have  used 
this  planet  as  a  fundamental  star.  I  take  occasion,  therefore,  to 
remark  that  the  observations  of  the  culmination  of  Neptune  on 
four  nights  in  the  month  of  August  at  the  Seaton  station,  b7 
Pourtales  and  myself,  show  that  my  Ephemeris,  published  by 
Prof.  Henry  in  the  Smithsonian  Contributions  to  Science,  agrees 
with  the  heavens  within  half  a  second  of  arc.  From  this  close 
agreement  it  may  be  inferred  that  if  the  Neptune  of  Prof.  Peirce's 
theory  and  my  elements  were  conceived  to  be  a  planet,  placed 
side  by  side  in  the  heavens  with  the  true  one  ever  since  its  dis- 
covery, the  two  would  form  a  double  star  of  an  order  so  close 
that  not  even  the  great  Cambridge  refractor  could  detect  their  du- 
plicity. 

An  objection  has  been  urged  to  the  Morse  registering  fillet,  that 
it  is  too  voluminous  for  the  quantity  of  matter  recoided.  This 
objection  and  that  of  expensiveness,  occur  with  more  force  to  the 
metallic  cylinder,  however  accurate  be  its  indications.  To  rem- 
edy this  evil,  Mr.  Saxton  has  contrived  a  sheet  of  paper  which 
encloses  the  cylinder  and  lasts  for  about  two  hours  of  constant 
work.  The  sheets  and  registering  fillets  now  submitted  for  the 
inspection  of  the  Association,  contain  the  comparison  of  the  print* 
ed  record  of  the  culmination  of  the  stars  in  the  Dolphin.  The 
Saxton  sheet,  the  chemical  fillet,  and  the  Morse  fillet,  are  tripli- 
eate  records  of  the  same  identical  star  signals.  The  result  of  the 
reading,  as  far  as  experiments  have  been  made,  is,  that  all  kinds 
of  registers  at  the  same  place  i^ad  alike.  It  is  worthy  of  remark 
that  these  registers  contain  the  printed  record  of  the  transits  of 
both  components  of  the  double  star  Gamma  Delphini,  printed 
with  ease  on  each  of  the  forty-five  wires  of  the  Wurdeman's 
diaphragm,  making  ninety  imprints  in  a  culmination. 

From  my  experience  in  printing  the  transit  of  this  pair  of  double 
stars,  I  am  led  to  the  conclusion,  that  four  stars  forming  a  quad- 
ruple star,  when  at  proper  distance,  may  all  be  printed  at  the  time 
of  their  transit  over  a  diaphragm  of  fifty  wires,  making  two  hun- 
dred imprints  for  one  transit,  a  rapidity  of  playing  on  the  key 
far  below  that  of  good  execution  on  the  piano. 

The  other  sheet  before  you  contains  the  longitude  between  the 
Seaton  station  and  Philadelphia.  It  was  registered  at  Washing- 
ton. The  Morse  fillet  on  the  reel  now  before  you  is  the  dupli- 
cate Philadelphia  register. 

This  work  was  performed  last  Monday  night.  You  will  no- 
tice a  curious  occurrence  on  several  occasions  that  night.  Three 
distinct  telegraph  operations  were  going  on  at  once.  .  The  Seaton 
station  clock  was  graduating  the  time  scale  for  both  stations. 
Two  stars  differing  in  right  ascension  by  about  the  longitude  of 
the  places,  were  in  the  two  telescopes  at  the  same  time,  and  the 
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imprints  of  the  transits  are  interspered,  without  confusion  on  the 
register.  Since  one  wire  at  each  station  gives  the  longitude  of 
the  places,  we  can  find  cases  where  the  work  of  a  single  second 
has  effected  this  purpose  better  than  a  year's  work  could  do  with- 
out the  telegraph. 

The  diaphragms  of  nine  and  eleven  tallies  (45  and  55  wires,) 
made  by  Mr.  Wurdeman,  formerly  the  Mechanician  of  the  Coast 
Survey,  are  so  nearly  perfect  in  their  structure  that  the  probable 
error  of  his  locating  of  any  single  wire,  in  reference  to  a  normal 
location  with  equal  intervals,  is  only  four  hundredths  of  a  second 
of  time.  This  precision  is  a  matter  of  great  importance  in  the 
use  of  a  diaphragm  of  so  many  Unes,  whose  equatorial  interval, 
unless  in  the  case  of  known  symmetry,  wouJd  need  a  special  de- 
termination. 

Of  all  the  different  kinds  of  registers  here  alluded  to,  I  prefer 
the  sheet  of  Mr.  Saxton.  One  sheet  filled  on  both  sides,  or  two 
pages,  will  contain  an  ordinary  night's  work.  A  year's  work  will 
make  a  book  of  some  three  hundred  pages,  on  the  margin  of 
which  may  be  entered  the  ordinary  remarks  for  an  observing^ 
book,  relative  to  the  state  of  the  level  and  meteorological  instru- 
ments, name  of  stars  observed,  and  instrumental  deviations. 

If  folded  up,  or  bound  and  put  away  for  a  century,  the  reduc^ 
tion  of  the  work  will  then  be  as  easy  as  at  first. 

In  fact,  we  may,  with  the  metallic  cylinder,  electrotype  the 
plate ;  or,  using  copper,  we  may  print  from  it  without.  And,  in 
the  case  of  the  paper  sheet,  instead  of  Saxton's  graver,  with  In^ 
dian  ink,  we  may  employ  a  pen,  with  lithographic  ink,  and  mul- 
tiply copies  at  pleasure,  whenever  we  choose.  When  we  consid- 
er the  compactness  of  the  register  on  Saxton's  sheet,  we  may  per- 
haps find  that  the  publication  of  transit  observations  will  best  be 
made  by  the  lithographic  process,  applied  to  the  printed  telegraph 
sheets ;  thus  giving  to  the  world  the  printed  record  with  all  the 
accuracy  of  a  daguerreotype.  The  registering  fillet  now  exhib- 
ited to  the  Association,  contains  the  culmination  of  both  limbs  of 
the  moon,  printed  by  myself,  on  the  3d  of  August  last,  on  35 
wires  of  the  diaphragm.  By  mean  of  the  results,  the  probable 
error  of  the  imprint  of  a  transit  of  single  limb,  over  a  single  wire, 
is  the  sixteenth  of  a  second ;  whereas,  in  1846,  with  the  great 
Washington  Equatorial,  and  a  power  of  300, 1  found  that,  with 
the  old  method,  my  probable  error,  by  66  trials,  was  twice  as  great, 
namely,  the  eighth  of  a  second.  Thus  it  appears  that  the  meas- 
ure of  precision  is  twice,  and  the  weight  four  times,  as  great,  in 
the  new  method,  as  in  the  old. 

No  labor  of  training  for  the  work  is  needed.  Master  Langton, 
the  youngest  Assistant  at  the  Seaton  station,  printed  the  transits 
of  four  stars,  on  the  18th  July,  for  his  first  trial.  The  fourth 
transit  is  on  the  register  now  before  you.    On  reading  off  Master 
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Langton's  imprints,  we  find  them  as  accurate  as  any  of  our  work, 
and  far  more  so  than  that  of  the  most  experienced  observer  by 
the  old  method. 

A  hundred  wires  is  a  high  estimate  for  a  night's  work  of  an  ob- 
servatory, by  the  old  method.  I  have  printed  fifteen  hundred 
wires,  without  fatigue,  in  one  night,  by  the  new.  Since  each 
wire  is  worth  four  of  those  of  the  old  method,  we  have  six  thou- 
sand to  one  hundred,  or  sixty  to  one,  as  the  relative  efficiences  of 
the  night's  observations. 

When  we  reflect,  that  the  probable  error  of  one  transit,  over 
one  wire,  is  only  the  sixteenth  of  a  second,  and  that  with  five 
wires  it  is  only  a  thirty-sixth  part,  or  three  hundredths  of  a  sec- 
ond, it  is  manifest  that  one  tally,  or  five  wires,  is  ample  for  all 
ordinary  work.  In  fact,  one  wire  is  sufficient  for  most  of  the 
purposes  of  astronomy.  I  have  been  led,  on  consideration  of 
all  the  facts  known  from  the  experience  of  the  Coast  Survey,  at 
the  Seaton  station,  to  make  the  following  remark  relative  to  the 
precision  of  our  work,  after  proper  adjustment  of  the  transit  in- 
strument, or  measurement  of  its  deviations  from  a  normal  state : 
The  printed  transit  of  a  fundamental  star  over  any  wire  of 
Wurdeman*s  diaphragm,  and  that  of  a  star,  planet,  or  comd, 
whose  place  is  sought,  over  another  wire — both  reduced  to  the  cen- 
tre, on  the  supposition  of  uniformity  of  interval — give  the  place 
of  the  object  sought,  with  a  precision  not  mu4Ji  below  that  on 
which  rest  the  present  elements  of  all  the  bodies  in  the  solar 
system. 
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Art.  XV. — Observations  on  the  Contrast  in  the  Physical  Feor 
tures  and  Resources  between  the  Old  World  and  the  New 
World;  by  Prof.  Arnold  Gutot.* 

The  appearance  of  Professor  Guyot's  work  on  Physical  Geog- 
raphy has  been  briefly  announced  in  this  Journal.  The  {deasure 
and  profit  it  is  calculated  to  afford,  the  importance  and  novelty  of 
its  views,  the  high  intellectual  and  moral  tone  that  pervades  it, 
impel  us  to  give  it  a  fuller  notice.  The  subject  is  geography ; — 
not  the  dry  anatomy  of  the  earth's  surface,  of  which  our  common 
school-books  treat ; — but  geography  as  taught  by  Humboldt  and 
Karl  Ritter,  and  interpreted  anew  with  fresh  vigor  and  much  orig- 
inality by  our  author.  The  work  treats  of  the  physical  features 
of  the  globe  with  reference  to  the  history  of  man.  The  bearing 
of  its  peculiarities  of  outline,  of  surface,  of  climate,  and  of  pro- 
ductions, on  the  distribution  of  man  and  the  progress  of  civiliza- 
tion, is  the  grand  subject  in  hand ;  and  it  is  ably  discussed  with  a 
command  of  a  wide  range  of  facts,  and  great  beauty  and  fertility 
of  thought.  Geography  is  raised  to  a  level  with  the  higher  intel- 
lectual sciences,  and  the  Christian  spirit  infused  into  it  gives  it  a 
still  more  exalted  character.  The  various  facts  and  deductions 
brought  forward  one  sifter  another,  are  finally  made  to  concentrate 
upon  the  one  great  idea  of  man's  moral  destiny. 

•  Prom  a  work  entitled,  The  Earth  and  Man :  Lectures  on  Comparative  Phyncal 
Geography,  in  its  relation  to  the  Hiitory  of  Mankind,  by  Arnold  Gutot,  ProU 
Phys.  Oeog.  and  Hist  at  Neuchatel,  Switzerland;  translated  from  the  Frendi 
by  C.  C.  Fklton,  Pro£  in  Haryard  Uniyersitj.  Boetcm,  1849.  zyiii  and  810  pp. 
12mo. 
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Prof.  Guyot  commences  by  explaining  Physical  Geography  as 
a  description  of  the  earth  and  of  its  relation  to  the  life  upon  it.  He 
says,  in  the  course  of  his  illustrations  of  the  subject,  "  If  the 
Rocky  Mountains  bordered  the  eastern  coast  of  North  America, 
and  closed  against  the  nations  of  the  East  and  of  Europe  the 
entrance  to  the  rich  valley  of  the  Mississippi ;  or  if  this  immense 
chain  extended  from  east  to  west  across  the  northern  part  of  this 
continent  and  barred  the  passage  of  the  polar  winds  which  now 
rush  unobstructed  over  these  vast  plains ;  let  us  say  even  less — 
if,  preserving  all  the  great  present  features  of  this  continent,  we 
suppose  only  that  the  interior  plains  were  more  slightly  inclined 
towards  the  north,  and  that  the  Mississippi  emptied  into  the  Fro- 
zen Ocean ; — who  does  not  see  that  In  these  various  cases,  the  re- 
lations of  warmth  and  moisture,  the  climate  in  a  word,  and  with 
it,  the  vegetation  and  the  animal  world  would  undergo  the  most 
important  modifications,  and  that  these  changes  of  form  and  of 
relative  position  would  have  an  influence  greater  still  upon  the 
destinies  of  human  societies,  both  in  the  present  and  in  the  fu- 
ture ?"  This  paragraph  exhibits  the  aim  of  the  work,  which  the 
author  afterwards  more  explicitly  states  as  follows— after  men- 
tioning the  great  problems  which  physical  geography  offers  for 
investigation :  He  says,  "  We  shall  endeavor  to  solve  these  prob- 
lems by  studying,  first,  the  characteristic  forms  of  the  continents, 
the  influence  of  these  forms  on  the  physical  life  of  the  globe ; 
then  the  historical  development  of  humanity.  We  shall  have 
succeeded,  if  we  may  have  shown  to  you — 

"  1.  That  the  forms,  the  arrangement,  and  the  distribution  of 
the  terrestrial  masses  on  the  surfkce  of  the  globe,  accidental  in 
appearance,  yet  reveal  a  plan  which  we  are  enabled  to  understand 
by  the  evolutions  of  history. 

2.  That  the  continents  are  made  for  human  societies,  as  the 
body  is  made  for  the  soul. 

3.  That  each  of  the  northern,  or  historical  continents,  is  pe- 
culiarly adapted  by  its  nature,  to  perform  a  special  part  which 
corresponds  to  the  wants  of  humanity  in  one  of  the  great  phases 
of  its  history. 

Thus  nature  and  history,  the  earth  and  man,  stand  in  the 
closest  relations  to  each  other,  and  form  only  one  grand  har- 
mony." 

In  carrying  out  this  plan,  the  author  is  borne  up  by  his  subject, 
the  works  of  creation,  to  the  Supreme  Intelligence  whose  benefi- 
cent designs  are  so  strongly  marked  around  and  within  us. 

The  facts  of  science  are  not  yet  sufficient  to  sustain  beyond  a 
doubt  all  the  conclusions  arrived  at ;  still  the  tendency  is  appa- 
rently in  the  direction  in  which  Prof.  Guyot  would  lead  us :  and 
however  the  reader  may  differ  in  some  minor  points,  he  will  rise 
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from  the  work  with  enlarged  views  of  the  earth  and  its  fitness 
for  man's  mental  and  moral  development.  There  are  many  por- 
tions of  the  volume  which  we  should  be  glad  to  transfer  to  our 
pages.  The  chapter  on  the  Relief  of  the  Continents  contains 
views  of  high  importance,  which  show  that  the  author  has  studied 
the  world,  and  not  merely  a  ledge  of  rocks  or  an  isolated  terri- 
tory. He  does  not,  with  the  prevalent  geological  school,  regard 
the  elevation  of  mountain  chains  as  the  great  events  in  the  phys- 
ical history  of  our  globe,  and  the  rising  of  the  vast  plateaus  and 
plains  of  the  continents  as  a  mere  accompanin^nt ;  but  considers, 
in  view  of  the  amount  of  evidence  in  physical  geography,  the 
change  of  level  in  entire  continents  as  the  essential  fact,  and 
mountains  but  the  accidents  attending  the  vast  changes  that 
have  been  in  progress. 

Passing  by  this  and  other  chapters  (or  lectures)  we  cite  a  por- 
tion of  Professor  Guyot's  observations  on  the  Contrast  in  Physi- 
cal Featvres  and  Resources  of  the  Old  World  and  the  New 
World^^  referring  to  the  work  for  the  continuation  of  the  subject 
and  the  many  conclusions  deduced. 

"  The  most  prominent  feature  of  the  arrangement  of  the  conti- 
nents is  the  grouping  of  the  two  Americas  in  one  hemisphere,  and 
that  of  the  four  others  in  another  hemisphere.  This  division  of 
the  continents  into  two  worlds  is  so  evident  from  the  first  glance, 
and  is  at  the  same  time  so  convenient  in  practice,  that  it  has 
passed  into  common  speech  as  one  of  those  observations  admit- 
ting no  contradiction. 

But  to  bring  out  prominently  the  contrast  of  these  two  worlds, 
they  must  be  studied  more  in  detail  than  we  have  thus  far  done  ; 
we  must  compare  them,  in  order  to  deduce,  by  the  comparison 
itself,  the  special  character  of  each.  This  is  what  we  are  going 
to  attempt.  We  have  already  seen  that  they  differ  in  the  forms 
of  their  relief  and  in  their  climate ;  we  shall  further  see  that 
these  fundamental  differences  produce  analogous  effects  in  the  or- 
ganized beings,  and  in  the  entire  physical  life  of  each  of  the  two 
worlds.  FinaUy,  we  shall  speak  of  the  manner  in  which  they 
act  upon  each  other  and  seem,  by  their  very  nature,  destined  not 
to  live  isolated,  but  to  form  together  a  single  organism,  a  grand 
harmony. 

During  the  whole  of  this  study,  please  to  remember,  gentle- 
men, that  we  are  in  the  realm  of  nature,  and  not  in  that  of  his- 
tory. The  America  we  are  seeking  to  understand  is  that  which 
Columbus  and  his  successors  discovered,  still  entirely  a  vii^in 

*  These  Lectures  were  delivered  by  Pro£  Guyot  in  French  at  the  Lowell  Insti- 
tute, in  January  and  February,  1849.  The  vigorous  and  eloquent  thoughts  of  the 
autlrar  are  well  expressed  in  the  elegant  traoslatbn  of  Pro!  Felton. 
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world,  centuries  ago ;  and  not  the  New  World  of  history,  of 
which  we  shall  have  to  speak  later,  that  has  come  to  plant  itsdf 
on  that  soil. 

A  general  comparison  of  the  two  groups  of  continents,  will 
call  to  mind  some  of  the  leading  features  we  have  already  become 
acquainted  with,  and  add  still  others. 

The  Old  World  and  the  New  World  differ  in  the  groupings, 
and  in  the  number  and  extent  of  the  continents  composing  them ; 
in  their  astronomical  situation,  with  respect  to  the  climatic  zones ; 
in  the  general  direotion  of  their  lands ;  in  their  interior  structure. 
This  assemblage  of  opposite  characters  secures  to  each  of  them 
a  climate,  a  vegetation,  and  an  animal  kingdom,  peculiarly  their 
own. 

I  say  first,  in  their  groupings : — 

The  Old  World  is  composed  of  four  continents.  Setting  aside 
Australia,  which  is  only  an  island  in  the  midst  of  the  oceanic 
hemisphere,  it  numbers  three,  all  very  near  each  other,  aggrega* 
ted  and  forming  an  oval  compact  mass,  whose  extent  far  sur- 
passes that  of  every  other  terrestrial  space.  It  presents  a  solid 
extent  of  land,  the  most  vast,  the  most  unbroken,  the  least  ac- 
cessible in  its  centre  to  the  influences  of  the  ocean.  The  Old 
World  is  preeminently  the  continental  world. 

The  New  World  has  only  two  continents,  North  America  and 
South  America,  America  and  Columbia,  as  I  should  like  to  call 
them — to  render  justice  where  right  belongs — if  it  were  not  for- 
bidden to  change  names  consecrated  by  long  usage.  These  two 
continents  are  not  grouped  in  one  mass,  nor  placed  side  by  side, 
but  separated  from  each  other,  not  touching  upon  their  long  sides, 
but  by  their  exterior  angles,  standing  in  line,  rather  than  grouped. 
They  are  situated  in  two  opposite  hemispheres,  and  thus  more 
distant  from  each  other,  apparently,  and  less  neighboring. 

The  result  of  this  remarkable  disposition  is  that  narrow, 
lengthened,  slender  form  we  see  in  the  New  World.  No  portion 
of  the  interior  is  very  remote  from  the  sea-coasts;  everywhere  it 
gives  access  to  the  influences  of  the  ocean,  in  the  midst  of  which 
it  is  placed,  like  a  long  island.  This  form  already  contrasted 
with  that  of  the  Old  World,  gives  to  it  its  character.  The  New 
World  is  essentially  oceanic. 

The  astronomical  position,  relatively  to  the  climatic  zone,  is 
also  not  the  same  in  the  two  worlds. 

The  Old  World  is,  as  it  were,  crowded  back  upon  the  north  of 
the  equator ;  it  belongs  for  the  most  part,  to  the  northern  hemis- 
phere and  to  the  temperate  zone.  Of  the  three  principal  conti- 
nents composing  it,  the  two  whose  importance  is  by  far  the  great- 
est, Europe  and  Asia,  are  temperate.  Asia  penetrates  the  torrid 
regions  only  by  the  southern  peninsulas ;  Europe  at  no  point ; 
Australia  is  sub-tropical  ]  Africa  only  is  truly  tropical.     Even  if 
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we  take  in  the  last  two  continents,  more  than  two*thirds  of  the 
lands  are  situated  in  the  temperate  regions,  one-third  only  in  the 
equatorial  regions.     The  Old  World  is  then  essentially  temperate. 

In  the  New  World  the  lands  are  distributed  in  a  manner  nearly 
equal  in  the  two  zones  and  in  the  two  hemispheres.  We  find 
that  of  the  countries  it  includes,  those  which  are  the  most  richly 
endowed,  are  situated  under  the  sun  of  the  tropics.  Compared 
with  the  Old  World,  the  New  World  is  thus  essentially  tropical. 

The  general  direction  of  the  lands,  or  the  direction  in  which 
their  length  extends,  is  the  inverse  in  the  two  worlds.  The  Old 
World  has  its  greatest  prolongation  from  east  to  west,  in  the  line 
of  the  parallels ;  the  New  World  from  north  to  south,  in  the  di- 
rection of  the  meridians.  Both  have  a  length  of  about  7,500 
miles,  but  the  breadth  of  the  Old  World  is  nearly  double  that  of 
the  New.  This  disposition  is  of  the  greater  consequence  for  the 
distribution  of  the  climates  in  each  of  them,  since  this  configura- 
tion coincides,  as  we  have  seen,  with  the  interior  stmcture,  with 
the  direction  of  the  principal  mountain  chains  and  of  the  table 
lands.  From  one  end  to  the  other  of  the  Old  World,  over  a  space 
of  several  thousand  miles,  the  migratory  tribes  are  able  to  pursue 
their  adventurous  roaming  course,  by  following,  according  to  their 
custom,  the  great  features  of  relief  of  the  soil,  without  witness- 
ing any  change  in  the  vegetation  or  the  animals  that  surround 
them.  They  change  fdace,  but  not  climate,  nor  ways  of  life. 
This  similarity  of  climates  over  long  spaces  is,  then,  a  property 
of  the  Old  World,  and  must  have  singularly  favored  the  disper*- 
sion  of  the  primitive  tribes. 

In  the  New  World,  on  the  contrary,  the  zones  of  similar  cli- 
mates are  short  and  numerous ;  and  if  we  travel  over  the  whole 
length  of  the  two  Americas,  we  pass  twice  in  succession  through 
all  the  temperatures,  from  the  frozen  climate  of  the  pole  to  that 
of  the  equator,  and  from  the  burning  climate  of  the  equator  to 
that  of  the  poles.  This  diversity  of  climate  gives  their  character 
to  the  Americas. 

Meantime,  the  interior  structure  modifies  in  the  two  worlds 
these  climatic  relations,  in  such  a  manner  as  to  correct  the  uni- 
formity of  climate  in  the  Old  by  more  marked  contrasts,  and  the 
too  great  diversity  of  the  New,  by  gentler  and  better  graduated 
transitions.  We  shall  see  this  as  we  proceed  to  a  closer  examina- 
tion of  the  structure  of  the  two  Americas,  which  will  particularly 
occupy  us  this  evening. 

What  characterizes  the  interior  structure  of  the  New  World 
is  its  simplicity.  In  place  of  the  variety  of  the  Old  World, 
where,  in  spite  of  a  few  general  features  common  to  both,  each 
continent  is,  as  it  were,  cast  in  a  separate  mould,  the  two  Ameri- 
cas seem  al^olutely  formed  upon  the  same  plan.  This  plan  may 
be  sketched  out  in  a  few  lines.     Two  triangles,  their  vertices 
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turned  to  the  south,  one  situated  northwest  of  the  other ;  the 
long  cord  of  the  Rocky  Mountains  and  of  the  Andes,  running 
the  length  of  the  extreme  western  coast,  and  binding  the  two 
continents  together ;  great  plains  on  the  east,  forming  the  larger 
part  of  their  surface  ;  a  slight  elevated  chain  along  the  Atlantic 
coast  of  both,  the  Alleghanies  in  North  America,  the  Serra  do 
Espinha^o  and  the  Serra  do  Mar  of  Brazil,  in  South  America  ; 
finally,  in  the  centre,  three  short,  transverse  chains,  that  of  Parime, 
in  the  Guyanas,  that  of  Venezuela,  and  that  of  the  great  Antilles, 
broken  into  a  number  of  islands ; — ^these,  in  a  few  words,  are  all 
the  essential  features  of  this  vast  division  of  the  world. 

That  which  constitutes  the  richness  of  organization  in  the  con- 
tinents, is  the  number  and  abundance  of  internal  contrasts  calling 
out  at  once  the  activity  of  nature  and  that  of  man.  The  CNd 
World  is  full  of  them ;  America  has  only  a  small  number,  all 
tending  to  disappear  by  reason  of  the  structure  itself. 

Thus  in  Asia  and  Europe,  the  line  of  the  highest  lands,  the 
continental  axis,  extending  from  the  Himalaya  to  the  Alps  and  the 
Pyrenees,  divides  these  two  continents  into  two  unequal  parts, 
one  north  and  one  south,  opposite  in  climate,  in  vegetation,  and 
even  in  races.  Scarcely  anywhere  is  the  transition  from  one  to 
the  other  gradual ;  almost  everywhere  it  is  abrupt  and  sadden. 
The  table  lands  of  Tubet  and  frigid  Mongolia  touch  the  tropical 
plains  of  China  and  of  the  Indies ;  the  traveller  who  passes  the 
Alps,  abandons  the  severe  landscapes  and  the  firs  of  the  North, 
to  descend,  by  a  single  day's  journey,  into  the  ever  verdant  gar- 
dens and  the  orange  groves  of  fair  Italy ;  he  exchanges  the  cold 
mists  of  the  North  for  the  sun  of  the  South,  and  often  leaves  on 
one  side,  the  snows  and  frosts  of  winter,  to  find  on  the  other,  the 
warm  breath  of  spring,  its  verdure  and  its  flowers. 

This  striking  contrast  bletween  the  North  and  the  South  re- 
flected in  the  character  and  history  of  all  the  nations  of  Asia 
and  Europe,  is  doubtless  found  in  America;  nowhere  is  it 
better  known  than  in  this  country.  But  in  nature  it  is  almost 
effaced,  it  is  softened  down.  It  does  not  form  a  barrier ;  it  no- 
where presents  an  abrup)t  change;  nowhere  breaks  the  unity. 
On  account  of  the  continued  plains  of  the  continent,  we  see  the 
natural  character  of  the  North  gradually  melt  into  that  of  the 
South.  Between  the  shores  of  the  Frozen  Ocean  and  the  Gulf 
of  Mexico  there  lies  the  whole  distance  from  the  icy  regions  to 
the  tropics.  But  it  is  only  slowly,  and  over  long  spaces,  that  we 
pass  through  the  transition.  From  the  treeless  pdar  plains,  where 
flows  the  Mackenzie  River,  whose  only  covering  is  the  mosses 
and  the  lichens,  we  pass  only  by  degrees  to  the  coniferous  forests 
of  Lake  Superior;  then  to  the  oaklands  of  Wisconsin  :  the  wal- 
nuts, hickories,  and  the  chestnuts  of  Ohio  and  Kentucky  next 
appear;  farther  south,  the  magnolia  and  the  palmetto  already 
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herald  the  air  of  the  tropics  and  the  neighborhood  of  the  Gulf  of 
Mexico.  Two  thousand  four  hundred  miles  separate  the  extremes 
of  this  scale  of  vegetation  which  almost  touch  each  other  in  the 
Himalaya. 

It  is,  moreover,  to  these  vast  plains,  which  offer  no  obstacles 
to  the  dissemination  of  the  species,  and  to  the  absence  of  great 
chains  from  east  to  west,  that  we  undoubtedly  owe  the  appear- 
ance at  the  North,  of  plants  and  animals  that  seem  to  belong  only 
to  the  tropical  regions.  It  is  not  without  surprise  that  the  Euro- 
pean landing  on  these  shores  sees  the  humming  bird,  that  diamond 
of  the  tropics,  glancing  in  the  sun  in  a  country  which  winter 
clothes,  during  long  months,  in  a  thick  mantle  of  snow  and  ice. 

It  is  the  same  towards  the  South,  where  we  see  the  palm  trees 
and  the  parrots  of  the  tropics,  here  and  there,  as  far  as  the  Pampas 
of  Buenos  Ayres,  much  beyond  their  natural  limits. 

Thus  the  contrast  between  the  North  and  the  South  is  soften- 
ed, reduced ;  but  it  is  not  annihilated ;  it  exists  on  a  great  scale 
from  one  of  the  continents  to  the  other :  for  North  America  is 
temperate,  and  South  America  is  tropical. 

America  is  cut  by  the  Andes  into  two  parts,  east  and  west,  as 
Asia  and  Europe  are  cut  into  two  parts,  north  and  south.  But 
this  contrast  also  is  almost  neutralized,  as  we  shall  soon  under- 
stand. 

The  inequality  is  here  carried  to  the  extreme,  to  such  a  reduc- 
tion of  one  of  the  parts,  that  it  loses  its  importance,  and,  so  to 
speak,  its  power  of  reaction.  The  western  coast,  dry  and  barren, 
has  not  extent  and  influence  enough  to  enter  upon  an  eflective 
rivalry  with  the  vast  countries  of  the  East.  Moreover,  the  diffi- 
culty of  communication  renders  the  mutual  action  and  the  inter- 
course between  the  countries  situated  at  the  foot  of  the  two  in- 
clinations, still  more  rare.  Finally,  the  two  sides  of  the  Andes, 
being  under  the  same  latitudes,  have  the  same,  or  nearly  the  same 
climate,  and  only  differ  in  the  degree  of  moisture  or  dryness  fall- 
ing to  their  portion.  The  West  of  the  two  Americas  is  only  a 
narrow  strip,  not  to  be  compared  with  the  great  plains  of  the 
East  occupying  nearly  the  entire  continent,  and  giving  it  its  char- 
acter. 

America  is  then  less  rich  in  internal  contrasts  than  the  Old 
World,  but  it  has  more  of  unity,  because  it  is  more  simple.  Un- 
doubtedly in  this  uniformity  of  structure,  in  this  absence  of  ob- 
stacles to  a  free  circulation  from  end  to  end  of  this  world,  we  are 
to  look  for  one  of  the  principal  causes  of  that  common  character, 
of  that  American  physiognomy  which  strikes  us  in  all  the  organ- 
ized beings  of  this  continent,  and  which  we  find  again  in  man 
himself,  in  the  Indian,  all  the  tribes  of  whom,  from  the  banks  of 
the  Mackenzie  River  to  Patagonia,  have  the  same  coppery  tint 
and  a  family  likeness  in  features,  impossible  to  mistake^ 
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The  climate  of  the  New  World,  compared  with  that  of  the 
Old,  is  distinguished  by  the  abundance  of  pluvial  waters,  in  gen- 
eral, by  a  greater  humidity.  We  have  seen  in  what  manner  th^ 
phenomenon  is  the  consequence  of  its  narrow  and  lengthened 
form ;  of  the  opening  of  the  great  plains — that  is,  of  the  two 
continents  almost  entire — ^to  the  winds  of  the  sea ;  of  the  absence 
of  high  mountains  in  the  East ;  in  a  word,  of  the  configuration 
and  general  exposure  of  this  part  of  the  globe.  While  the  Old 
World,  with  its  compact  figure,  its  vast  plateaus,  its  high  lands 
in  the  East,  receives  only  an  average  of  77  inches  of  water  by 
the  year  under  the  tropics,  America  receives  1 15  inches.  The 
temperate  regions  of  Europe  have  34  inches ;  North  America,  39 
inches. 

Add  to  this  abundance  of  water,  the  extent  of  plains  which 
permit  the  development  of  vast  systems  of  water  coarses,  and 
you  will  understand  the  existence  of  that  innumerable  multitude 
of  rivers  and  lakes,  which  are  one  of  the  most  characteristic  fear 
tures  of  the  two  Americas.  Notwithstanding  a  much  smaller  ex- 
tent than  that  of  the  Old  World,  the  New  possesses  the  largest 
rivers  on  the  earth ;  the  richest  in  waters,  those  whose  basins 
occupy  the  vastest  spaces.  Where  can  we  find,  on  the  surface  of 
the  globe,  a  river  equal  to  the  mighty  Maranon,  that  giant  among 
the  rivers  of  the  earth,  gathering  its  waters  from  a  surface  of  a  mill- 
ion and  a  half  square  miles,  and  bearing  them  to  the  ocean,  after 
a  course  of  3,000  miles  ?  This  mighty  monarch  receives  in  his 
progress  the  homage  of  tributaries,  each  of  which,  by  its  great- 
ness and  the  abundance  of  its  waters,  would  suffice  for  the  wants 
of  a  whole  vast  country.  Such  are  the  Ucayale,  the  Rio  Purus, 
the  Rio  Negro,  above  all,  the  Madera,  rivalling  in  importance  the 
river  to  which  it  yields  the  honor  of  giving  a  name  to  their  united 
waters.  The  farther  it  advances  in  its  majestic  course,  the  more 
its  proportions  increase ;  and  before  arriving  at  the  ocean,  its 
broad  sheet,  from  the  middle  of  which  the  eye  cannot  reach  the 
banks,  seems  rather  to  be  a  fresh-water  sea,  flowing  sluggishly 
towards  the  ocean  basin,  than  a  river  of  the  continent.  Far  from . 
its  mouth,  the  fresh  and  muddy  waters  of  the  Amazon  are  still 
distinguished  at  a  glance  of  the  eye  from  the  saline  and  limpid 
waters  of  the  ocean  ;  and  their  slime,  borne  along  by  their  cur- 
rents, goes  to  form,  farther  north,  a  new  soil  on  the  shores  of  the 
continent. 

In  the  other  continent,  the  Father  of  Waters,  the  mighty  Mi»» 
sissippi,  the  second  of  the  rivers  of  the  earth,  equals  in  length 
the  Mara^n  itself;  for  its  winding  course  is  3,000  miles.  But 
its  basin  covere  only  from  8  to  900,000  square  miles.  Who  does 
not  know  the  importance  of  tributaries  like  the  Missouri,  which 
wrongly  gives  up  its  name  for  that  of  its  less  powerful  brother ; 
like  the  Cttiio,  the  Beautiful  River,  the  stream  with  transparent 
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waters ;  like  the  Arkansas,  and  so  many  others  composing  that 
vast  system  of  arteries  that  vivify  the  whole  West,  and  that  are 
destined  to  assume  daily  a  greater  and  greater  importance  ?  And 
these  immense  rivers  are  not  isolated.  At  the  side  of  the  Ma- 
ranon,  the  La  Plata  has  a  course  of  not  less  than  1,900  miles,  and 
more  than  a  million  of  square  miles  send  it  their  waters.  At  the 
side  of  the  Mississippi,  the  St.  Lawrence  has  a  course  of  1,800 
miles  and  a  basin  of  nearly  a  million  of  square  miles. 

The  Old  World  offers  nothing  similar.  The  greatest  of  its 
rivers,  the  Yan-tse-Kiang  in  China,  has  a  course  of  only  2,500 
miles.  The  Ganges  and  the  Nile  are  far  from  equalling  it.  The 
Volga,  the  greatest  of  the  rivers  of  Europe,  exhibits  a  cotrrse  of 
only  1,700  miles :  and  if  it  were  necessary  to  enumerate  in  Amer- 
ica rivers  like  the  Rhine,  so  celebrated,  it  would  be  almost  by 
hundreds  that  we  should  have  to  cite  them. 

And  what  shall  we  say  of  the  abundance  of  its  lakes  ^  The 
group  of  the  great  lakes  of  Canada,  so  characteristic  of  North  * 
America,  finds  nowhere  a  parallel.  It  contains  at  once  the  largest 
lakes  in  the  world,  and  the  greatest  mass  of  fresh  water  united 
on  the  surface  of  the  continents.  These  vast  seas  of  fresh  water, 
together  with  the  St.  Lawrence,  cover  a  surface  of  nearly 
100,000  square  miles,  and  it  has  been  calculated  that  they  contain 
sdmost  one-half  of  all  the  fresh  waters  on  the  surface  of  our  planet. 
They,  too,  are  not  alone,  and  a  glance  of  the  eye  at  the  map, 
enables  us  to  perceive  in  the  North  a  multitude  of  lakes  but  little 
inferior  in  extent :  the  lake  Athapescow,  Winnipeg,  Slave  Lake, 
the  Great  Bear,  are  worthy  to  figure  side  by  side  with  the  lakes 
of  Canada  and  of  the  St.  Lawrence. 

The  rivers  and  the  lakes  are  the  wealth,  and  justly  form  the 
boast  of  America.  No  continent  possesses  so  great  a  number,  or 
those  of  80  large  extent,  so  well  provided  with  water,  so  navi- 
gable. Not  only  do  they  fertilize  the  rich  countries  they  traverse, 
but  they  are  now,  and  will  become  still  more  so,  the  great  high- 
ways of  commerce  between  all  the  parts  of  this  vast  World ;  wc 
already  see  enough  to  hope  everything  of  the  future. 

Thus,  gentlemen,  the  watery  element  reigns  in  the  New  World; 
add  to  this,  that  although  half  of  its  lands  are  exposed  to  the  rays 
of  the  tropical  sun,  yet,  all  the  conditions  being  equal,  America 
is,  on  the  whole,  a  little  less  warm  than  the  Old  World,  and  we 
shall  have  the  essential  features  of  its  climate, — the  oceanic  cli- 
mate. This  is  what  America  owes  to  the  fundamental  forms 
and  the  relative  disposition  of  its  lands ;  while  the  Old  World 
is  indebted  to  the  preponderance  of  land  for  its  dry  and  conti- 
nental climate. 

Let  us  now  follow  out  the  consequence  of  these  physical  cir- 
cumstances upon  the  development  of  organic  beings,  and  the 
character  of  the  New  World  will  come  out  in  all  its  clearness. 
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The  warm  and  the  moist — these  are  the  most  favorable  condi- 
tions for  the  production  of  an  exuberant  vegetation.  Now,  the 
vegetable  covering  is  nowhere  so  general,  the  vegetation  so  pre- 
dominant, as  in  the  two  Americas.  Behold,  under  the  same  par- 
allel where  Africa  presents  only  parched  table  lands,  those  bound- 
less virgin  forests  of  the  basin  of  the  Amazon,  those  selvas,  al- 
most unbroken  over  a  length  of  more  than  1,500  miles,  forming 
the  most  gigantic  wilderness  of  this  kind  that  exists  in  any  con- 
tinent. And  what  vigor,  what  luxuriance  of  vegetation !  The 
palm  trees,  with  their  slender  forms,  calling  to  mind  that  of  Amer- 
ica itself,  boldly  uplift  their  heads  150  or  200  feet  above  the 
ground,  and  domineer  over  all  the  other  trees  of  these  wilds,  by 
their  height,  by  their  number,  and  by  the  majesty  of  their  foliage. 
Innumerable  shrubs  and  trees  of  smaller  height  fill  up  the  space 
that  separates  their  trunks;  climbing  plants,  woody-stemmed 
climbing  lianos,  infinitely  varied,  surround  them  both  with  their 
flexible  branches,  display  their  own  flowers  upon  the  foliage,  and 
combine  them  in  a  solid  mass  of  vegetation,  impenetrable  to  man, 
which  the  axe  alone  can  break  through  with  success.  On  the 
bosom  of  their  peaceful  waters  swims  the  Victoria,  the  elegant 
rival  of  the  Rafflesia,  that  odorous  and  gigantic  water  lily,  whose 
white  and  rosy  corolla,  fifteen  inches  in  diameter,  rises  with  daz- 
zling brilliancy  from  the  midst  of  a  train  of  immense  leaves, 
softly  spread  upon  the  waves,  a  single  one  covering  a  space  of 
six  feet  in  width.  The  rivers  rolling  their  tranquil  waters  under 
verdurous  domes,  in  the  bosom  of  these  vast  wilds,  are  the  only 
paths  that  nature  has  opened  to  the  scattered  inhabitants  of  these 
rich  solitudes.  Elsewhere,  in  Mexico  and  Yucatan,  an  invading 
vegetation  permits  not  even  the  works  of  man  to  exist ;  and  the 
monuments  of  a  civilization  comparatively  ancient,  which  the 
antiquary  goes  to  investigate  with  care,  are  soon  changed  into  a 
mountain  of  verdure,  or  demolished,  stone  after  stone,  by  the 
plants  piercing  into  their  chinks,  pushing  aside  with  vigor,  and 
breaking  with  irresistible  force,  all  the  obstacles  that  oppose  their 
rapid  growth. 

South  America,  and  particularly  the  basin  of  the  Amazon,  is 
the  true  kingdom  of  the  palm  trees ;  nowhere  does  this  noble 
form  of  vegetation  show  itself  under  a  greater  number  of  species. 
This  is  a  sign  of  the  preponderating  development  of  leaves  over 
every  other  part  of  the  vegetable  growth ;  of  that  expansion  of 
foliage,  of  that  leajinessj  which  is  peculiar  to  warm  and  moist 
climates.  America  has  none  of  those  plants  with  slender, 
durunken  leaves,  like  Africa  and  New  Holland.  The  Ericas,  or 
heather,  so  common,  so  varied,  so  characteristic  of  the  flora  of  the 
Cape  of  Good  Hope,  is  a  form  unknown  to  the  New  World. 
There  is  nothing  which  resembles  those  Metrosideri  of  Africa, 
those  dry  Myrtles  (Eucalyptus)  of  New  Holland,  and  willow- 
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leaved  acacias,  the  flowers  of  which  shine  with  the  liveliest  colors, 
but  whose  narrow  foliage,  turned  edgewise  to  the  vertical  sun, 
casts  no  shadow.  Everywhere,  long  and  abundant  leaves,  an 
intense  verdure,  a  strong  and  well-nurtured  vegetation,  these  are 
what  we  find  in  tropical  America. 

North  America,  in  spite  of  its  more  continental  climate,  shares 
no  less  in  this  character  of  the  New  World.  The  beauty  and 
extent  of  the  vast  forests  that  cover  its  soil,  the  variety  of  the 
arborescent  species  composing  them,  the  strong  and  lofty  size  of 
the  trees  which  grow  there,  all  these  are  too  well  known  for  me 
to  stop  to  describe  them.  It  is  because  this  continent  adds  to 
a  more  abundant  irrigation,  a  soil  slightly  mountainous,  almost 
everywhere  fertile,  securing  to  it  always  an  equal  moisture,  a 
more  abundant  harvest  of  all  the  vegetables  useful  to  man. 

Not  only  is  the  vegetation  abundant  in  the  New  World,  but  it 
is  universal,  and  this  is  a  farther  characteristic  distinguishing  it 
from  the  Old.  We  do  not  see  there  those  vast  deserts,  so  com- 
mon in  the  other  continents,  and  occupying  a  considerable  por- 
tion of  their  surface.  The  Deserts  of  CsJifomia  and  that  of  Ata- 
cama  are  exceptions,  and,  compared  with  those  of  Africa  and 
Asia,  scarcely  seem  made  for  anything  except  to  serve  as  speci- 
mens. The  llanos  of  Orinoco,  which  their  geological  nature 
dooms  apparently  to  the  fate  of  Sahara,  are  copiously  watered 
during  the  rainy  season,  and  are  covered  then  with  an  admirable 
vegetation.  Life,  which  seemed  almost  to  slumber,  almost  ex- 
tinguished, springs  up  again  more  beautiful  and  more  vigorous. 
To  the  powdered  sand  swept  along  by  the  winds,  succeed  rich 
pastures,  where  range  a  multitude  of  indigenous  animals,  mingled 
with  herds  of  horses,  and  wild  asses,  coming  from  Europe ;  and 
thousands  of  reptiles  buried  in  the  watery  slime  during  the  dry 
season,  reappear,  and  fill  again  with  life  the  temporary  rivers  and 
lakes  with  which  these  valleys  are  then  overflowed.  The  pampas 
themselves  are  not  without  vegetation,  and  support  at  all  times 
numerous  herds.  And  who  is  ignorant  that  the  vast  prairies  of 
the  Mississippi  and  the  Missouri  produce  every  year  an  abundant 
vegetation,  on  which  feed  the  bisons  and  the  other  wild  tenants 
of  the  country. 

But  what  becomes  of  the  animal  in  the  peculiar  kingdom  of 
vegetation  ?  Blessings  are  shared  ;  all  treasures  do  not  belong  to 
one  country  alone.  This  luxuriant  vegetation,  it  might  be  said, 
seems  to  stifle  the  higher  life,  in  the  animal  world.  Animal  life 
is,  as  it  were,  overruled,  enfeebled ;  it  does  not  occupy  here  the 
first  rank,  which  is  its  due  ;  for  that  which  favors  it  is  dry  heat, 
the  continental  element. 

From  one  end  to  the  other  of  the  animal  scale,  the  families 
that  seem  to  give  to  these  countries  their  character,  by  the  num- 
ber of  their  species  and  by  their  relative  abundance,  are  those 
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which  coiinect  themselves,  by  their  mode  of  life^  with  the  aqae* 
OU8,  or  with  the  vegetative  element. 

Hence,  nothing  is  more  sjdendid,  more  sparkling,  than  the  in* 
sect  world  in  South  America.  The  inexhaustible  variety  of  their 
species,  the  brilliancy  of  their  colors,  the  size  of  their  bodies, 
make  them  one  of  the  most  beautiful  ornaments  of  these  regions. 
Here  live  the  Hercules  beetle,  the  lai^est  of  the  Coleoptera ;  and 
those  brilliant  butterflies  with  broad  wings,  the  Menelaus,  the 
Adonis,  the  Achilles,  whose  varying  colors  glitter  in  the  snn  like 
diamonds.  Bat  why  be  astonished?  The  existence  of  this 
little  animal  world  is  almost  altogether  dependent  on  the  vegeta- 
tion ;  the  wealth  of  the  one  must  create  the  wealth  of  the  other. 

Among  the  vertebrates,  no  family  is  so  lai^ely  represented  as 
that  of  the  reptiles,  for  moisture  is  their  element,  and  the  riven 
and  temporary  lagoons  of  the  rainy  season  are  peopled  with  Cai- 
mans, the  crocodiles  of  the  New  World ;  the  Iguanas,  the  most 
gigantic  of  the  lizards ;  the  Basilisks  and  other  species,  which 
multiply  in  the  warm  and  still  waters.  The  forests  harbor  in 
great  numbers  serpents  of  every  form  and  figure,  even  to  those 
monstrous  boas,  that  are  the  terror  of  the  natives  themselves. 
They  seem  to  be  at  home  in  this  country. 

But  among  the  superior  animals,  development  seems  to  be  ar- 
rested ;  it  is  incomplete.  The  prevailing  types  are  at  the  same 
time  the  inferior  types.  Among  the  birds,  the  stilt-plovers,  in- 
habitants of  the  marshes  and  the  shores,  of  which  the  number 
of  species  surpasses  far,  in  America,  that  of  any  other  continent 
In  the  mammifera,  the  order  of  Edentata,  the  Armadillos,  the 
Pangolins,  the  An^-eaters,  the  Sloths,  which  characterize,  more 
than  any  other  family,  the  fauna  of  South  America,  not  only  in 
the  present  epoch,  but  also  in  the  geological  ages.  And  if  we 
seek  representatives  of  the  higher  orders,  we  find  them  less  nu- 
merous in  species,  smaller  in  size  ;  in  a  word,  far  inferior  to  the 
corresponding  animals  of  the  Old  World.  In  the  order  of  the 
Pachyderms,  instead  of  the  elephant,  the  rhinoceros,  the  hippo- 
potamus, those  giants  of  the  Old  World,  the  feeble  and  harmless 
tapir  and  the  pecari.  In  the  Ruminants,  instead  of  the  camel 
and  the  dromedary,  the  lama  of  the  Andes,  which  reaches  only 
half  their  size.  Instead  of  the  lordly  lion  of  Africa,  and  the 
ferocious  tiger  of  the  islands  of  the  Ganges,  the  Ounce  and  the 
Jaguar  of  the  forests  of  Brazil,  which  are  scarcely  more  than 
large  cats.  In  the  monkeys,  finally,  those  with  a  prehensile  tail, 
which  are  peculiar  to  America,  are  reckoned  among  the  least  per- 
fect, the  lowest  of  their  order  in  the  scale  of  organization. 

Not  only  are  the  superior  animals  ill  represented  on  this  conti- 
nent, but  they  have  not  the  strength,  nor  the  indomitable  courage, 
not  the  ferocity,  nor  the  inteUigence  of  the  similar  creatures  of 
the  Old  World.    In  all  tropical  America  especially,  as  we  see,  the 
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whole  animal  kingdom  remains  in  an  inferior  condition.  It  is 
eubjected  to  the  watery  element,  and  to  the  vegetable  world ;  for 
in  thooe  regions  where  vegetable  life  is  the  superior,  animal  life 
stands  but  in  the  second  degree. 

North  America,  however,  in  consequence  of  her  more  conti- 
nental character,  possesses  some  superior  types,  which  recall  to 
mind,  and  perhaps  equal,  those  of  the  Old  World.  The  majestic 
bison,  the  deer,  the  elk,  and  the  bear,  give  evidence  of  that  same 
vigorous  northern  nature  which  predominates  in  the  temperate 
continents,  and  of  which,  as  we  shall  see.  North  America  pos- 
sesses her  share. 

Man  himself,  the  indigenous  man  I  mean,  bears  in  his  whole 
character  the  ineffaceable  stamp  of  this  peculiarly  vegetative  na- 
ture. Living  continually  in  the  shadow  of  those  virgin  forests 
which  overspread  the  earth  that  he  inhabits,  his  whole  nature  has 
been  modiiSed  thereby.  The  very  copper  hue  of  his  complexion 
indicates  that  he  lives  not,  like  the  negro,  beneath  the  scorching 
sunbeams.  His  lymphatic  temperament  betrays  the  preponder- 
ance in  his  nature  of  the  vegetative  element.  The  Indian  is  of 
a  melancholy,  cold  and  insensible  race.  *'  Foreign  to  our  hopes, 
our  joys,  our  griefs,"  says  a  traveller,  "  it  is  rarely  that  a  tear 
moistens  his  eyes,  or  that  a  smile  lights  up  his  features."  The 
most  barbarous  tortures  cannot  extort  from  him  a  single  com- 
plaint, and  his  stoical  indifference  is  disturbed  only  by  vengeance 
or  jealousy.  If  he  sometimes  exhibits  a  display  of  prodigious 
muscular  force,  he  is  yet  without  endurance.  Who  knows  not 
that  when  the  first  invaders  of  the  New  World  endeavored  to 
compel  the  inoffensive  Indians,  who  had  received  them  as  gods, 
to  the  rude  labors  of  the  mines  and  the  cultivation  of  the  soil, 
these  men  of  the  woods,  incapable  of  enduring  fatigue,  perished 
in  agony  by  thousands?  And  it  was  thereupon  that  the  Euro- 
peans substituted  for  the  Indian  the  robust  and  vigorous  native  of 
the  Old  World,  the  negro,  who,  still  to  this  day,  used  as  the  in- 
struments of  the  white  man's  labor,  endures,  I  had  almost  said, 
daily,  a  degree  of  toil  equal  to  that  which  destroyed  the  native  of 
the  country. 

The  social  condition  of  the  Indian  tribes  is  tinctured,  in  an 
equal  degree,  by  the  powerful  influence  of  his  vegetative  charac- 
ter. The  Indian  has  continued  the  man  of  the  forest.  He  has 
seldom  elevated  himself  above  the  condition  of  the  hunter,  the 
lowest  grade  in  the  scale  of  civilization.  The  exuberance  of  the 
soil  has  never  been  of  value  to  him ;  for  he  asks  not  of  the  earth 
his  nourishment.  He  has  never  even  ascended  to  the  rank  of  the 
pastoral  man.  With  him  no  domestic  animals  are  maintained  to 
feed  him  with  their  milk,  or  clothe  him  with  their  fleeces,  as  ihey 
are  by  the  nomadic  races  of  the  Old  World.  From  one  ex- 
tremity of  America  to  the  other,  we  find  the  same  lamentable  spec- 
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tacle ;  the  people  of  the  elevated  table  lands  of  Mexico  and  P^ni. 
are  the  only  exception  to  this  picture,  and  this  exception  goes  far 
to  establish  the  influence  of  the  vegetative  and  humid  nature  of 
the  lower  plains  of  America.  For  if  these  nations  do  not  exhibit 
the  same  character  of  inferiority,  if  they  have  raised  themselves 
a  little  higher  in  the  sphere  of  humanity,  by  the  aid,  perchance, 
of  elements  foreign  to  their  own  continent,  it  cannot  be  for  other 
cause  than  that,  living  in  those  heights,  those  aerial  islands, 
above  the  influence  of  the  hot  and  humid  atmosphere,  they  have 
been  removed  from  the  potency  of  its  action. 

Such,  gentlemen,  is  the  order,  the.  admirable  connection  of  the 
phenomena  of  nature  with  each  other.  The  conformation  and 
position  of  the  New  World  give  to  it  a  hot  and  watery  climate ; 
this  impresses  its  own  character  on  all  the  oi^anized  creation. 
Man  himself,  the  one  being  preeminently  free,  is  liable  to  its  in- 
fluence, in  proportion  as  he  neglects  the  exertion  of  those  supe- 
rior faculties  with  which  he  is  endowed  for  the  conquest  and 
subjugation  of  that  nature  which  was  intended,  not  to  govern, 
but  to  serve  him. 

We  may  rest,  then,  in  this  conclusion,  that,  as  compared  with 
the  Old  World,  the  New  World  is  the  humid  side  of  our  planet, 
the  oceanic,  vegetative  world,  the  passive  element  that  awaits 
the  excitement  of  a  livelier  impulse  from  without.  Such  is  the 
America  of  Nature,  such  was  it  before  the  arrival  of  the  man  of 
the  Old  World.  We  know  already,  and  we  shall  see  better  yet 
hereafter,  all  that  his  superior  intelligence  has  been  enabled  to 
effect  in  the  way  of  improving  upon  nature." 


Art.  XVI. — On  the  relation  of  the  Laws  of  Mechanics  to  Per- 
petual Motion,^  by  Jeremiah  Day,  late  President  of  Yale 
College. 

I  CAN  not  engage  to  furnish  any  infallible  remedy,  for  the  mor- 
tifying disappointments  which  abound  in  this  fascinating  field  of 
investigation ;  yet  it  may  not  be  altogether  a  waste  of  time,  to 
pay  some  little  attention  to  a  subject  which  has  levied  such 
heavy  contributions,  on  the  inventive  faculties  of  modern  me- 
chanicians and  philosophers.  The  hints  which  I  propose  to  sug- 
gest will  be  principally  on  the  nature  of  perpetual  motion,  the 
benefits  to  be  expected  from  it,  the  difficulties  to  be  encountered 

♦  MeBsrt.  Editors — If  it  be  conswtent  with  the  purpose  of  your  invaluable  Journal, 
to  admit  upon  its  pages  a  paper  which  offers  to  the  attention  of  the  readers  nothiog 
original,  no  newly  discovered  principles  of  science,  no  improved  combinations  of  ma- 
chinery ;  the  following  plain  thoughts  on  the  application  of  the  established  laws  of 
mechanics  to  the  subject  of  perpetual  motion  are  at  your  disposal. 

Very  respectfully,  yours,  Ao, 

New  Haven,  July,  1860.  J.  Day. 
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by  the  inventors,  and  the  methods  by  which  we  may  form  an 
opinion  whether  it  has  been  actually  attained. 

Perpetual  motion  is  a  motion  continued  without  ceasing,  and 
without  any  renewed  application  pf  force.  A  machine  may  be 
said  to  possess  a  principle  of  perpetual  motion,  if  it  continues  to 
move,  as  long  as  it  is  kept  in  repair ;  and  if  it  requires  no  new 
force  to  be  applied  to  it  from  without.  It  is  no  part  of  the  requi- 
sition concerning  perpetual  motion,  that  the  machinery  should 
never  be  out  of  repair.  If  it  goes  when  it  is  in  order,  that  is  all 
that  is  demanded.  What  is  looked  for,  is  not  perfection  in  the 
construction  of  the  apparatus,  but  an  unfailing  moving  force. 
On  the  other  hand,  it  is  required,  that  this  force  belong  to  the 
machine  itself;  that  it  be  not  an  application  from  without.  A 
stream  of  water  may  nm  continually.  It  may  be  applied  to  turn 
the  wheel  of  a  mill.  It  may  in  this  way,  become  a  never  failing 
moving  force.  If  the  mill  could  be  kept  always  in  repair,  the 
stream  might  be  sufficient  to  turn  it,  as  long  as  the  world  stands* 
But  this  is  not  what  is  meant  by  the  perpetual  motion  of  a  ma-* 
chine,  as  the  expression  is  commonly  used.  The  moving  force 
is  here  no  part  of  the  mill ;  it  is  applied  from  without.  What  is 
wanted  is  a  principle  of  motion  within 'the  machine  itself;  or  at 
least,  so  connected  with  it,  as  to  accompany  it  wherever  it  may 
be  removed. 

It  is  farther  expected  that  the  moving  force  should  require  no 
new  supply  of  materials  to  keep  it  in  action.  In  the  steam  en- 
gine, the  moving  force  is  within  the  machine ;  and  its  agency 
may  be  continued  without  interruption.  But  a  constant  supply 
of  fuel  is  necessary,  to  keep  it  in  operation ;  and  there  is  a  con- 
tinual demand  for  labor,  to  furnish  the  fuel.  To  save  this  ex- 
pense of  materials  and  labor,  is  the  very  purpose  for  which  per- 
petual motion  is  wanted. 

It  is  this  which  renders  the  proposed  invention  so  highly  im- 
portant. Extravagant  as  the  expectations  of  many  ardent  inven- 
tors may  appear,  there  is  reason  to  believe,  that  in  this  case,  they 
would  be  more  than  realized,  if  the  long  sought  for  principle 
could  once  be  laid  hold  of,  and  brought  into  general  operation. 
It  would  be  of  no  great  use  perhaps,  to  produce  an  instrument 
which  would  merely  go,  a  wheel,  for  instance,  which  would  re- 
volve continually,  without  having  force  enough  to  result  in  any 
valuable  product.  A  sawmill  which  would  nm  of  itself  would 
be  an  object  of  curiosity ;  but  would  be  of  very  little  practical 
use,  if  the  saw  merely  played  up  and  down,  without  cutting  the 
timber.  The  force  which  is  necessary  to  put  a  machine  in  mo- 
tion is  generally  much  less,  than  that  which  is  requisite  to  ac- 
complish the  object  for  which  the  machine  is  constructed.  But 
there  is  reason  to  believe  that  if  a  perpetual  moving  force  could 
once  be  discovered,  it  might  be  increased,  to  any  desirable  extent ; 
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that  if  a  power  could  be  found  which  would  continually  ovci* 
balance  the  resistance  of  the  air,  and  the  friction  of  the  parts  of 
the  apparatus,  it  might  be  so  multiplied,  as  to  produce  any  of  the 
effects  for  which  force  is  required  in  the  arts.  If  for  instance  Cbe 
moving  principle  were  a  weight,  and  ten  pounds  could  be  so  ap* 

Elied  as  to  preserve  an  uninterrupted  motion  of  the  machine,  a 
undred  pounds  would  accomplish  much  more.  As  the  weight 
might  be  easily  enlarged,  to  almost  any  extent  whatever,  theie 
would  scarcely  be  any  bounds  to  the  effects  to  be  produced. 
The  vast  expense  now  incurred,  in  providing  reservoirs  of  wateTi 
in  producing  steam,  in  procuring  labor,  ^.,  as  moving  forces, 
might  be  wholly  dispensed  with.  In  the  various  manufacturing 
establishments,  in  this  country,  and  in  Europe,  millions  of  dollars 
might  be  saved,  in  a  single  year.  The  invention  might  be  coo-^ 
sidered  a  mine  of  wealth,  even  to  a  nation.  It  would  not,  per- 
haps, necessarily  follow,  that  a  power  which  would  put  in  opera- 
tion a  standing  machine,  as  a  mill  or  manufacturing  establish- 
ment, would  be  adapted  to  the  progressive  motion  of  a  plow  or 
a  coach.  But  it  would  seem  less  difficult  to  make  such  aa  ap* 
plication  of  a  moving  force,  than  to  originate  the  force  itself.  If 
this  additional  improvement  could  be  eflected,  our  oxen  and  our 
draft  horses  might  be  relieved  from  their  labors ;  our  carriages 
would  be  seen  rolling  through  the  streets  of  themselves ;  and  we 
should  be  brought  near  to  the  state  of  perfectibility  predicted  by 
Godwin,  when  a  plow  need  only  to  be  let  loose  into  afield,  to  ac- 
complish the  work  of  tillage. 

Mankind  have  not  been  insensible  to  the  immense  advantages 
to  be  derived  from  perpetual  motion.  There  is  perhaps,  no  one 
subject  on  which  the  inventive  faculties  have  more  frequently 
been  called  into  exercise.  It  is  doubtful  whether  a  single  year,  or 
even  a  single  week  has  passed,  for  centuries,  in  which  it  has  not 
occupied  the  earnest  attention  of  some  one.  Many  are  probably 
employed  in  the  search,  who  never  disclose  their  attempts  to  the 
public.  They  have  a  double  motive  for  keeping  the  secret ;  on 
the  one  hand,  to  secure  to  themselves  the  rewards  of  their  sac- 
cess  ;  on  the  other,  to  conceal  their  disappointment,  in  case  of  a 
failure.  Persons  of  very  various  descriptions  and  oceupations 
have  been  engaged  in  the  pursuit.  The  man  of  science  and  the 
illiterate  mechanic,  have  both  eagerly  contended  for  the  prize,  and 
generally  with  equal  success. 

It  is  natural  to  inquire,  what  can  be  the  cause  which  has  pro- 
duced such  universal  failure,  where  the  zeal  for  attaining  the  ob- 
ject has  been  so  ardent,  and  so  long  continued.  What  are  the 
difficulties  which,  with  so  provoking  a  pertinacity,  unceasingly 
throw  themselves  in  the  way  of  the  sanguine  inventor  ?  It  would 
be  in  vain  to  attempt  to  enumerate  all  the  obstacles  which  a  sub- 
ject so  fruitful  in  disappointments  presents.    They  will  vary  ao- 
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cording  to  the  means  which  are  used  to  effect  the  object,  and  ac- 
cording to  the  characters  of  the  different  projectors.  The  man 
of  science  will  be  liable  to  embarrassments  of  one  kind ;  the  mere 
mechanician,  to  those  of  another.  The  chief  impediments  in  the 
way  of  the  man  of  science  are  certain  general  principles,  denom- 
inated laws  of  nature.  His  ingenuity  is  exercised  in  endeavoring 
to  evade  these ;  but  they  obstinately  meet  him  at  every  turn ; 
and  in  spite  of  all  his  windings,  he  finds  himself  brought  back  to 
the  same  ground  from  which  he  started. 

Nothing  but  what  is  capable  of  producing  motion^  can  be  the 
cause  of  perpetual  motion.  The  moving  forces  which  are  com- 
monly applied  to  machines  are  weights,  springs,  running  water, 
steam,  wind,  and  the  strength  of  animals.  Of  these,  water, 
wind,  and  animal  strength  can  not  produce  what  is  commonly 
meant  by  perpetual  motion,  because  they  are  not  constituent 
parts  of  the  machine.  They  are  forces  applied  from  without. 
But  steam,  springs,  and  weights  may  belong  to  the  machine  itself. 
Of  these,  the  weight  of  a  heavy  body  is  that  which  is  generally 
made  use  of,  to  produce  perpetual  motion.  A  weight  is  a  very 
simple  moving  force,  and  may  be  made  very  powerful.  The  only 
diflScuIty  with  respect  to  it  is,  that  it  produces  its  effect  only 
by  descending ;  and  that  when  it  reaches  the  ground,  its  ope- 
ration ceases.  If  it  could  be  made  to  descend  and  then  as- 
cend, with  the  same  force,  it  might  keep  a  machine  in  perpetual 
action. 

The  difficulty  is  not,  as  some  seem  to  have  supposed,  that  a 
weight  can  move  a  body  in  one  direction  only.  It  can  produce 
motion  in  any  direction  ;  not  indeed  by  mere  pressure,  but  by  the 
aid  of  some  very  simple  apparatus,  for  instance,  a  cord  passing 
over  a  pulley.  Nothing  is  easier  than  to  change  the  direction  in 
which  a  given  power  is  to  act  upon  the  object  to  be  moved.  A 
weight  may  make  a  body  either  ascend,  or  descend,  or  move 
horizontally.  But  the  real  difficulty  is,  that  the  power  will  not 
move  at  all,  after  it  has  reached  the  ground.  Its  operation  then 
ceases  entirely.  The  great  thing  wanted  is  not  a  change  in  the 
direction,  but  a  continuance  of  the  motion. 

Neither  does  the  obstacle  to  perpetual  motion  consist  in  the 
law,  that  matter  is  incapable  of  originating  motion  in  itself,  or  of 
effecting  any  change  in  its  own  motions.  The  difficulty  lies 
not  in  beginning  the  motion,  but  in  rendering  it  perpetual.  The 
labor  and  expense  of  merely  putting  a  machine  in  operation 
would  be  of  no  account,  if  the  movement  would  only  continue. 
Now  the  first  law  of  motion,  instead  of  obstructing  the  continu- 
ance of  the  action,  is  the  very  principle  on  which  that  continu- 
ance depends,  unless  there  is  a  renewed  application  of  external 
force..    There  is  one  known  instance  of  actual  perpetual  motion, 
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the  revolution  of  the  heavenly  bodies.  This  is  owing  to  the  fact, 
that  they  are  incapable  of  putting  a  stop  to  their  own  motion, 
and  that  there  is  nothing  else  to  stop  them.  But  if  matter  were 
endowed,  like  animals,  with  a  principle  of  voluntary  motion,  it 
would  be  as  easy  for  it  to  cease  to  move,  at  pleasure,  as  to  begin 
to  move.  It  would  then  be  as  difficult  to  produce  perpetual  mo- 
tion in  a  machine,  as  in  a  horse  or  an  elephant. 

Some  of  the  principles  which  really  stand  in  the  way  of  the 
inventors  of  perpetual  motion  are  the  following. 

1.  In  every  machine,  there  is  some  loss  of  motion,  from  fric- 
tion and  the  resistance  of  the  air ;  and  commonly  a  much  greater 
loss,  from  the  expenditure  of  force,  in  producing  the  effect  for 
which  the  machine  is  designed.  When  a  certain  momentum  is 
given  to  a  body,  it  will  continue  the  same,  till  there  is  some 
cause  to  vary  it.  A  wheel  suspended  freely  on  an  axis  would 
revolve  with  a  uniform  velocity,  if  friction  and  the  resistance 
of  the  air  could  be  entirely  removed.  Perpetual  motion  would 
then  be  a  thing  of  course.  But  these  obstructions  it  is  impos- 
sible to  avoid ;  and  they  necessarily  occasion  a  continual  loss 
of  motion. 

In  addition  to  this,  a  machine,  to  answer  any  practical  purpose, 
must  not  only  go,  but  it  must  also  be  capable  of  a  constant  ex- 
penditure of  force  upon  the  effect  to  be  produced.  A  slitting  mill, 
for  instance,  must  not  only  be  kept  in  motion,  but  must  furnish 
a  continual  supply  of  force,  to  separate  the  iron.  The  loss  of  mo- 
tion on  this  account  is  far  greater  than  that  occasioned  by  friction 
and  resistance  of  the  air.  Both  must  be  compensated  by  a  re- 
newal of  force  from  some  quarter  or  other.  It  is  the  aim  of  the 
inventor  of  perpetual  motion,  so  to  arrange  his  apparatus,  that 
this  new  supply  shall  be  furnished  from  the  machine  itself; 
that  it  shall  not  be  dependent  on  any  application  from  without. 
But  in  attempting  to  accomplish  this  object,  he  finds  himself 
under  the  necessity  of  encountering  a  second  unaccommodating 
principle. 

2.  Every  body  which  communicates  motion  to  another,  loses 
an  equal  portion  of  its  own  motion.  In  other  words,  action  and 
reaction  are  equal.  It  follows  from  this,  that  no  portion  of  mat- 
ter can  communicate  to  another  portion  a  greater  momentum  than 
it  possesses  itself.  If  that  part  of  a  machine  in  which  the  mov- 
ing force  begins  to  act  could  produce,  in  another  part,  a  motion 
greater  than  its  own,  we  might  obtain  a  multiplication  of  force ; 
and  in  this  way,  we  might  secure  a  surplus,  to  supply  the  defi- 
ciency occasioned  by  friction,  &c.  But  after  all  the  trials  which 
have  been  made  upon  bodies  in  every  conceivable  variety  of  con- 
dition, they  obstinately  refuse  to  communicate  what  they  do  not 
themselves  possess.  On  this  fact  is  founded  a  third  important 
principle. 
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3.  No  combination  of  machinery  produces  any  real  increase  of 
force.  This  is  the  fact  with  respect  to  each  of  the  instruments 
called  mechanical  powers  taken  singly ;  and  it  is  equally  true,  in 
whatevet  way  they  may  be  combined  with  each  other.  The  use 
of  all  apparatus  of  this  kind  is  not  to  create  force,  nor  to  increase 
it,  but  merely  to  apply  it.  It  is  true,  indeed,  that  a  mechanical 
power  may  be  so  contrived,  that  a  small  weight  may  raise  a  very 
great  one.  But  it  will  raise  it  a  very  short  distance  only.  If  one 
is  a  thousand  times  as  large  as  the  other,  the  latter  must  descend 
a  thousand  feet  to  raise  the  former  one  foot.  So  that  the  mo- 
mentum  of  the  large  body  is  no  greater  than  that  of  the  smaller 
one.     There  is,  therefore,  no  increase  of  force  obtained. 

One  or  two  cautions  are  necessary,  however,  in  estimating  the 
velocities  of  the  power  and  the  weight.  In  the  first  place,  the 
velocity  is  to  be  reckoned  in  that  direction  in  which  the  moving 
force  of  the  body  acts.  Thus  if  a  body  moves  down  an  inclined 
plane,  the  moving  force  is  gravitation,  which  acts  towards  the 
center  of  the  earth.  The  velocity,  when  we  are  calculating  the 
equilibrium,  must  be  estimated  in  this  direction.  In  the  second 
place,  there  must  be  brought  into  the  account,  that  part  only  of 
the  power  which  is  concerned  in  producing  the  effect.  If  a  weight 
act  obliquely  on  the  arm  of  a  lever,  a  part  of  its  force  will  be 
lost.     This  must  be  thrown  out  of  the  estimate. 

With  these  qualifications,  we  shall  find,  that  however  compli- 
cated may  be  the  apparatus,  the  power  will  be  to  the  weight  in 
cquilibrio,  as  the  velocity  of  the  weight  to  the  velocity  of  the 
power.  As  their  momenta  are  equal,  there  is  no  increase  of  force 
produced  by  the  machinery.  This  is  a  proposition,  however, 
which  one  who  is  in  pursuit  of  perpetual  motion  can  not  be 
brought  fully  to  believe,  till  he  has  learned  it  by  mortifying  ex- 
perience. He  expects,  by  some  peculiar  arrangement  of  his  lev- 
ers, and  wheels,  and  inclined  planes,  to  make  it  appear  that  this 
is  only  a  theoretical  maxim,  intended  to  answer  the  purposes  of 
speculative  philosophy.  He  seeks  after  modes  of  combination 
which  may  vary,  as  much  as  possible,  from  those  already  in  use, 
that  he  may  fall  upon  the  grand  secret,  in  some  mysterious  dis- 
position of  parts,  which  has  hitherto  escaped  observation.  But 
the  effect  of  all  this  is  commonly  to  diminish  the  power  which 
he  wishes  to  increase.  For  although,  according  to  the  received 
laws  of  mechanics,  no  combination  of  machinery  will  create 
force ;  yet  it  is  very  easy,  by  an  unskillful  arrangement,  to  de- 
stroy motion. 

After  all,  the  projector  finds  an  unfailing  source  of  motion  in 
the  weight  of  a  heavy  body.  Though  he  may  acknowledge, 
perhaps,  that  machinery  will  not  of  itself  produce  force,  yet  he 
considers  that  gravitation  is  a  power  which  is  perpetually  opera- 
ting, and  that,  if  he  can  only  arrange  his  apparatus  so  as  to  catch 
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this  force,  and  apply  it  to  his  use,  he  has  all  that  he  wants.  He 
here  finds  a  very  important  exception  to  the  general  law,  that  a 
body  is  incapable  of  putting  itself  in  motion.  Matter  has  a  con- 
tinual and  powerful  tendency  to  move  towards  the  earth.  A 
body  needs  only  to  be  left  to  itself,  to  descend  with  a  force  pro- 
portioned to  its  weight.  But  he  is  driven  even  from  this  refuge, 
by  a  fourth  general  principle. 

4.  A  body,  by  its  weight,  communicates  motion  in  no  other 
way  than  by  descending;  and  when  it  has  once  reached  the 
earth,  its  operation  ceases,  till  it  is  raised  up  again,  with  a  force 
equal  to  that  with  which  it  descended.  This  does  not  mean  that 
a  body  can,  in  no  case,  communicate  motion  except  by  descend- 
ing itself.  A  heavy  body  moving  in  any  direction  may  impel 
another  in  the  same  direction.  A  cannon  ball  may  drive  before 
it  the  object  which  it  strikes.  This  is  not  done,  however,  by  the 
weight  of  the  ball,  but  by  the  momentum  which  it  has  received 
from  a  foreign  force.  What  we  are  now  considering  is  the  mo- 
tion produced  by  the  gravity  of  the  body,  not  that  which  is  oc- 
casioned by  the  application  of  mechanical  force  from  without 
Neither  does  the  principle  just  stated  imply,  that  a  body  may  not, 
by  its  weight,  cause  another  body  to  move  in  any  direction 
except  towards  the  earth.  The  weight  in  one  scale  of  a  bal- 
ance may  cause  those  in  the  other  side  to  rise.  But  to  do  this 
it  must  itself  descend.  Nor  in  the  third  place,  is  it  to  be  under- 
stood, that  a  body  can  not  by  its  weight,  have  an  eflect  of  any 
kind  without  descending.  It  may,  even  in  a  state  of  rest,  have 
great  influence  in  preventing  motion.  It  may  be  a  powerful  re- 
sisting force,  but  it  is  not  then  a  moving  force.  In  preserving 
the  equilibrium  of  bodies  at  rest,  very  great  advantage  may  be 
derived  from  the  application  of  the  instruments  called  mechanical 
powers.  By  means  of  a  lever  or  an  inclined  plane,  one  pound 
may  be  made  to  balance  a  thousand.  Archimedes  might  have 
held  a  world  in  equilibrio.  But  the  moment  the  lever  is  put 
in  motion,  the  comparative  importance  of  the  smaller  body  is  lost 
What  is  gained  in  weight  is  lost  in  velocity. 

With  these  explanations,  we  may  consider  the  principle  as  uni- 
versal, that  no  body  produces  motion  by  its  weight,  except  by 
descending.  If,  for  instance,  a  heavy  body  is  laid  upon  an  in- 
clined plane,  this  plane  may  move  horizontally.  But  unless  the 
weight  descends,  the  motion  of  the  plane  is  owing  to  some  other 
cause  than  the  pressure  of  this  weight. 

Now  the  great  difficulty  in  making  the  gravity  of  a  body  a 
source  of  perpetual  motion  is :  that  the  body  must  soon  reach  the 
ground,  that  in  descending  it  acquires  only  a  certain  degree  of 
momentum,  that  it  can  communicate  no  greater  momentum  to 
the  machine,  and  that,  in  order  to  repeat  the  operation,  there  must 
bo  a  force  at  least  equal  to  this,  to  bring  it  back  to  the  height 
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from  which  it  has  descended.  There  is,  therefore,  no  force  at  all 
derived  from  the  weight,  except  during  the  period  of  a  single  de- 
scent, and  that  only  equal  to  the  power  which  had  been  applied 
to  raise  it  up  to  the  point  of  starting.  It  will  be  said,  perhaps, 
that  the  weight  may  be  made  to  restore  itself,  that  it  may  acquire 
a  velocity  in  falling,  sufficient  to  raise  it  to  the  same  height  again. 
So  it  may.  The  bail  of  a  pendulum  may  raise  itself  to  the  same 
point  from  which  it  started,  or  nearly  so.  But  it  can  do  nothing 
more.  The  force  acquired  in  the  descent  will  be  all  expended 
in  the  ascent.  There  will  be  nothing  left  to  be  applied  to  any 
machinery. 

There  is  no  avoiding  of  this  result,  unless  some  way  can  be 
contrived  to  make  the  body  either  acquire  a  greater  force  by  fal- 
ling, or  expend  less  in  rising.  No  method  has  yet  been  devised, 
to  bring  a  body  to  the  ground  by  its  weight,  with  a  greater  force 
than  that  which  it  acquires  by  falling  perpendicularly.  It  may 
be  made  to  roll  down  an  inclined  plane,  to  descend  on  the  arc  of 
a  circle,  on  the  arm  of  a  lever,  or  along  a  series  of  lines  diflfer- 
ently  inclined  to  the  horizon.  But  in  every  such  case,  though  it 
is  easy  to  diminish  the  force  of  the  descent ;  yet  there  is  no  way 
of  increasing  it,  but  by  the  application  of  a  foreign  impulse.  On 
the  other  hand,  a  body  can,  by  no  device,  be  raised  up  to  its  orig- 
inal height,  but  by  a  power  equivalent  to  that  which  it  acquires 
in  descending.  There  is,  according  to  the  received  laws  of  me- 
chanics, no  way  in  which  it  may  be  brought  back  again,  with  a 
less  expenditure  of  force  than  that  which  is  necessary  to  raise  it 
up  perpendicularly.  It  may  be  carried  round  in  such  a  manner 
as  to  employ  a  greater  power ;  but  nothing  less  than  this  will  be 
sufficient  to  restore  it. 

But  may  not  advantage  be  taken  of  some  of  the  mechanical 
powers^  to  effect  the  object  with  more  economy  of  force.  Sup- 
pose the  weight  be  made  to  descend  on  the  longer  arm  of  a  lever, 
and  to  ascend  on  the  shorter  arm.  If  one  be  twice  as  long  as  the 
other,  may  not  one  pound  raise  nearly  two  pounds?  It  may. 
But  it  will  raise  them  only  half  as  far  as  it  moves  itself,  so  that 
nothing  is  gained  by  this  expedient.  Such  is  the  uniform  result 
of  the  projector's  devices  to  bring  up  his  weight  with  a  less  force 
than  that  which  it  acquires  in  falling  perpendicularly.  Like  the 
stone  of  Sisyphus,  in  spite  of  all  his  efforts,  it  is  forever  rolling 
back  upon  him. 

We  shall  be  brought  to  the  same  conclusion,  by  another  view 
of  the  subject.  No  body  of  machinery  has  any  tendency  to  move 
by  its  weight,  any  longer  than  this  motion  will  cause  the  center 
of  gravity  to  descend.  This  is  a  principle  of  very  convenient  ap- 
plication, because  it  brings  us  at  once  to  the  result.  We  are  un- 
der no  necessity  of  inquiring  into  the  peculiar  structure  of  the 
machine.     Whatever  be  the  arrangement  of  the  parts,  as  soon  as 
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the  center  of  gravity  of  the  whole  has  reached  the  lowest  point, 
the  motion  will  cease,  except  that  it  may  continue  a  while,  frona 
the  momentum  already  acquired. 

We  may,  upon  this  principle,  easily  perceive  the  defect  of  those 
numerous  perpendicular  wheels^  which  have  been  formed  with 
cavities  in  the  radii  or  other  parts,  so  as  to  contain  fluids  or  balls 
rolling  alternately  to  and  from  the  center.  The  object  here  is  to 
have  the  weights  near  the  axis,  while  they  are  ascending,  and 
near  the  periphery  when  descending,  so  as  to  act  upon  the  prin- 
ciple of  the  wheel  and  axis.  The  fallacy  is  the  same  here,  as  in 
the  longer  and  shorter  arms  of  the  lever.  But  to  detect  this, 
there  is  no  necessity  of  examining  the  particular  structure.  What- 
ever be  the  disposition  of  the  parts,  when  the  center  of  gravity 
of  the  wheel  and  its  contents  has  reached  the  lowest  point,  the 
tendency  to  move,  from  the  weight,  is  at  an  end.  The  defect  of 
the  contrivance  is  also  evident  from  the  consideration,  that  as  the 
wheel  revolves,  each  of  the  balls  must  rise  to  a  certain  height, 
and  it  is  immaterial  by  what  route  it  arrives  there,  whether  by 
going  round  on  the  periphery,  or  taking  a  shorter  course  near  the 
axis. 

Similar  difficulties  will  be  presented,  if  instead  of  the  weight 
of  a  solid  body,  we  substitute  the  pressure  of  a  fluid.  Accord- 
ing to  what  is  called  the  hydrostatic  paradox,  a  pound  of  water 
may  balance  and  set  in  motion  a  quantity  ever  so  great.  But  the 
motion  will  not,  perhaps,  be  more  than  a  thousandth  part  of  an 
inch,  before  the  efiect  will  cease. 

After  dwelling  so  long  upon  the  weight,  as  a  moving  force,  it 
will  not  be  necessary  to  enter  into  a  particular  consideration  of  the 
action  of  springs.  The  difficulty,  in  the  two  cases,  is  nearly  the 
same.  A  spring  which  is  coiled  up,  as  in  a  watch,  produces  its 
effect  by  expanding.  When  it  is  unbent,  its  action  ceases  till  it  is 
wound  up  again ;  and  to  wind  it  up  requires  a  force  equal  to  that 
with  which  it  expands.  There  is,  therefore,  no  balance  left,  for 
the  purposes  of  machinery. 

In  the  case  of  steam,  the  continuance  of  the  motion  is  to  be 
sought  for,  not  upon  mechanical,  but  upon  chemical  principles. 
Here  perhaps  there  is  more  reason  to  hope,  because  the  ground 
has  not  been  so  long  and  so  thoroughly  explored.  But  it  is  not 
improbable,  that  the  balance  o{  affinities  in  chemistry,  will  prove 
to  be  as  untractable,  as  the  balance  of  momenta  in  mechanics. 
A  similar  remark  may  be  applicable  to  the  imponderable  agents, 
electricity,  galvanism,  and  magnetism. 

Some  of  the  difficulties  which  lie  in  the  way  of  the  man  of 
science,  in  his  pursuit  after  perpetual  motion,  have  now  been 
stated. ,  But  perhaps  this  is  not  the  class  of  persons  which  are 
most  likely  to  succeed,  in  this  field  of  investigation.  The  inven- 
tion, if  it  should  ever  be  made,  may  proceed  from  some  one  who 
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has  little  or  no  knowledge  of  the  laws  of  mechanics.  The  phi- 
losopher commences  the  inquiry  with  ardor ;  but  soon  stumbles 
upon  one  of  his  unyielding  general  principles,  and  then  abandons 
the  pursuit  as  hopeless.  The  uninformed  mechanic  is  not  so 
easily  disheartened.  If  he  fails  in  one  attempt,  he  sees  no  reason 
why  he  should  not  succeed  in  the  next.  Perseverance  supplies 
the  want  of  skill.  His  very  blunders  may  turn  to  his  advantage, 
by  leading  to  combinations  of  machinery  which  a  person  of  more 
scientific  views  would  have  rejected  without  trial.  He  however 
is  not  exempt  from  embarrassments.  They  are  mostly  of  a  na- 
ture not  to  be  particularly  described.  But  they  all  terminate  in 
one ;  his  machine  wonU  go. 

It  must  be  acknowledged,  however,  that  although  this  is  the 
general  result,  it  is  not  universal.  There  is,  here  and  there,  a 
sohtary  exception.  A  man,  after  years  of  thought,  and  toil,  and 
disappointment,  finds  at  length  the  object  of  all  his  wishes  attain- 
ed. His  machine  goes.  His  labors  are  at  an  end.  His  fortune 
and  his  fame  are  secured.  H^  has  shown  himself  superior  to  all 
the  pretenders  to  science  and  mechanical  skill.  His  name  is  to 
go  down  to  posterity,  in  the  same  rank  with  Bacon  and  Newton. 
But  in  the  intoxication  of  success,  one  thing  seems  to  have  es- 
caped him.  He  has  forgotten  that  all  motion  is  not  perpetual 
motion.  His  machine  stops.  His  dream  is  ended ;  and  he  awakes 
to  the  realities  of  the  life  of  a  sober  mechanic. 

Must  we  then  be  driven  to  the  conclusion,  that  perpetual  mo- 
tion is  absolutely  and  forever  impossible  ?  Shall  we  obstinately 
close  our  eyes  and  ears  against  all  proof  which  may  be  ofiered  of 
its  actual  existence  ?  Shall  we  reject  the  testimony  of  our  senses, 
when  we  see  the  machine  really  in  motion  ?  When  a  man  pro- 
fesses to  have  made  the  great  discovery,  and  calls  upon  us  to  ac- 
cede to  his  pretensions,  we  have  a  right  to  suspend  our  opinion, 
till  he  has  made  good  his  claim,  either  by  shewing  the  principle 
on  which  it  depends,  or  by  furnishing  the  proof  by  cu:tual  trial. 
If  a  new  principle  is  advanced,  in  opposition  to  those  hitherto  re- 
ceived, we  may  safely  admit  it,  when  it  has  stood  the  test  of  as 
thorough  an  investigation  as  they  have.  The  established  laws 
of  mechanics  have  been  the  subject  of  strict  examination  for  cen- 
turies ;  they  have  been  turned  in  almost  every  conceivable  point 
of  view,  for  the  very  purpose  of  eliciting  from  them  perpetual 
motion ;  they  have  been  scrutinized  by  the  profoundest  mathe- 
maticians, and  the  most  skillful  experimenters ;  they  have  been 
put  to  the  trial,  in  a  thousand  difierent  forms  of  machinery.  Al- 
most every  mechanical  instrument  now  in  use  exhibits  experi- 
mental proof  of  their  soundness.  When  any  new  principle  can 
plead  as  much  in  its  favor,  it  may  fairly  be  put  in  competition 
with  the  old  ones. 
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But  the  inventor,  though  he  may  not  boast  of  theory  on  his 
side,  has  that  which  is  of  far  greater  importance,  the  support  of 
fact.  His  machine  goes.  So  does  a  time  piece  go.  It  may  be 
made  to  go,  for  a  whole  year  together,  without  being  wound  up. 
But  this  is  not  perpetual  motion.  In  a  clock,  a  force  is  wanted 
to  supply  the  loss  from  friction.  If  the  instrument  is  nicely  con- 
structed, this  loss  may  be  very  small.  A  large  weight  may  fur- 
nish the  requisite  supply,  for  a  long  time,  without  coming  to  the 
ground.  But  when  it  has  descended  as  far  as  it  can,  its  power  is 
exhausted,  and  the  motion  ceases.  To  determine  from  trial 
whether  any  particular  machine  has  an  unfailing  principle  of  ac- 
tion, we  must  wait  till  the  force  first  applied  has  had  time  to 
spend  itself.  If  we  are  impatient  to  come  to  a  more  speedy  de- 
cision, there  is  a  way  in  which  the  point  may  be  soon  settled. 
The  apparatus  may  be  so  well  adjusted,  that  it  may  take  weeks 
or.  months,  perhaps,  to  exhaust  the  moving  force,  in  merely  over- 
coming the  friction.  But  let  it  be  required  to  do  something 
more.  Instead  of  merely  going,  let  it  be  applied  to  some  practi- 
cal purpose.  Let  it  be  employed,  for  instance,  in  the  grinding  of 
grain,  *  or  the  sawing  of  timber.  In  proportion  as  the  resistance 
is  increased,  the  time  of  its  action  will  be  shortened,  if,  like  other 
machines,  it  is  dependent  on  a  renewed  application  of  force  from 
without.  But  if  it  possesses  a  perpetuating  principle,  this  may 
be  made  to  supply  that  part  of  the  loss  of  momentum  which  pro- 
ceeds from  the  resistance  of  the  grain  or  the  timber ;  as  welt  as 
that  which  is  owing  to  friction  and  the  air.  In  this  manner,  the 
instrument  may  be  brought  to  the  test  of  experiment,  in  a  very 
short  time. 

With  respect  to  any  supposed  invention,  in  y^ars  past,  of  an 
instrument  for  perpetual  motion;  we  have  only  to  inquire, 
whether  it  is  now  in  operation,  in  our  manufacturing  establish- 
ments of  every  description ;  whether  our  mills,  and  forges,  our 
steamboats,  and  our  railroad  cars  are  actually  moved  by  it.  An 
improvement  which  is  to  produce  so  complete  a  revolution  in 
practical  mechanics,  could  not  long  be  concealed,  or  confined  to 
the  inventor.  It  would  be  coveted  and  circulated,  as  eagerly  as 
a  bank  of  guineas.  A  man  professes  to  have  discovered  an  inex- 
haustible treasure.  He  has  unfolded  a  secret,  which  thousands 
have  sought  for  in  vain.  He  has  opened  a  mine  of  gold,  which 
is  accessible  to  every  one.  Its  value  is  beyond  all  computation. 
And  yet,  strange  to  tell,  it  lies  neglected  and  forgotten,  neith^ 
wrought  by  himself,  nor  by  any  one  else. 
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Art.  XVU.'^Coniributions  to  the  Mycology  of  North  America; 
by  Rev.  M.  J.  Berkeley,  of  England,  and  Rev.  M.  A.  Curtis, 
of  South  Carolina. 

101.  PoLYPORUs  RHiPiDros,  Berk. — Ad  truncos  piitridos.  Sept. 
—Ohio  (Lea);  Santee  Canal,  S.  C.    (Ravenel.) 

102.  P.  vALENZDELiANus,  Moot. — Ad  tfuncos  emortuos.  Santee 
Canal ; — Ravenel. 

103.  P.  EPiLEucDs,  Fr. — Ad  truncos  Pini.  Autumno.  Society 
Hill  and  Santee  Canal. 

104  P.  RiGLDus,  Berk. — ^Ad  lignum  cariosum.  Hieme.  Mr. 
Ravenel. 

105.  P.  (Anodermei)  rissiLEs,  Berk,  and  Curt. ; — albus ;  pileo 
dimidiato  vertice  elongato  rugoso  hie  illic  aculeato-setoso ;  intua 
fibroso-fissili  insigniter  zonato;  poris  mediis  subrotnndis  acie  ob- 
tusiuscula. — Autumno.     On  old  stumps.     Society  Hill,  S.  Car. 

Cap  6  in.  broad,  2  long,  or,  with  the  vertex,  3i,  undulated, 
with  numerous  raised  lines  which  are  sparingly  aculeato-setose; 
substance  splitting  into  fibi*es,  zoned  throughout;  pores  about  jV 
in.  broad. — A  fine  species  belonging  to  the  same  section  as  P. 
spumeus,  remarkable  for  its  strongly  zoned  highly  fibrous  sub* 
stance ;  allied  to  P.  borealts,  but  with  larger  pores,  firmer  dissep- 
iments, and  a  more  fibrous  texture. 

106.  P.  SENEX,  Mont. — Ad  truncum.  Autumno.  Santee  Ca- 
nal, Mr.  Ravenel. 

107.  P.  vELLEREus,  Berk. — Oregon.  U.  S.  Exploring  Ex- 
pedition. 

108.  P.  LiNBBLADn,  Berk. — Ad  truncos  dejectos.  Autumno. 
Ravenel. 

109.  P.  LACERATus,  Bcrk. — Ad  truncos  emortuos  praesertim 
duercuum.     Hieme.   Vere.   N.  and  S.  Car. 

110.  P.  Florid  ANUS,  Berk. — 'Ad  truncos  emortuos  Myricae,  &c. 
Hieme.    Ravenel. 

111.  P.  ARGTicns,  Klotseh. — Ad  truncos  emortuos.  Autumno* 
Hieme.    N.  and  S.  Car.  et  N.  York.    Dr.  Sartwell. 

112.  P,  (Inodermei)  chartaceus.  Berk,  and  Curt. ;— rigido* 
membranaceous  ambiens  e  resupinato  utrinque  reflexus;  pileo 
leviter  zonato  albido  sericeo ;  poris  sistotrematoideis  pallid  is. 
Subter  ram.  et  trunc.  dejectis  Liriodendri.  Vere.  Hillsborough, 
N.  Car. 

Effused  for  several  feet  and  completely  surrounding  the  smaller 
branches,  broadly  reflexed ;  margin  membranaceous  but  rigid ; 
pores  about  j\  in.  broad,  breaking  into  obtuse  lamellar  processes, 
extending  to  the  margin  where  they  are  shallow  and  more  dis- 
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tant — ^Allied  to  P.  pinsitus,  of  which  we  at  first  thought  it  was 
a  variety,  but  differing  in  its  nearly  smooth  pileus  and  the  singu- 
larly decomposed  pores. 

113.  P.  NIGER,  Berk. — Ad  trunc.  Cluerc.  deject,  cariosum. 
Hieme.     S.  Car.  (Ravenel.)    Ohio,  (Lea.) 

114  P.  Cremor,  Berk,  and  Curt. ;  resupinatus  albus;  roargine 
obsoleto,  poris  parvis  subrotundis,  dissepimentis  crassis,  acie  ob- 
tusissima. — Ad  ram.  querc.  dejectos.     Vere.     Society  Hill. 

Allied  to  P.  vulgaris,  but  differing  in  its  thick  dissepiments 
and  the  obtuse  edge  of  the  pores. 

115.  P.  SALMONicoLOR,  Bcrk.  and  Curt. ; — resupinatus  crassus, 
mycelio  niucedineo  albo,  poris  rotundis  nibeliis  demum  elongatis 
purpureo-fuscis. — Ad  lignum  pineum  adustum.  Aestate.  Santee 
Canal.     Ravenel. 

Effused,  several  inches  broad,  margin  thin,  centre  thick,  of  a 
rich  salmon  color,  at  length  brown.  Pores  small,  at  length  torn 
and  angular.  When  fresh  this  appears  to  be  very  tender  and 
easily  injured,  in  which  state  it  becomes  dark  purple  brown,  with 
a  resinous  aspect.  Not  closely  allied  to  any  described  species. 
Its  nearest  afBnities  are  with  P.  purpureuSj  Fr.  and  P.  rhodeUaa^ 
Fr.,  or  better  with  P.  cameofuscus,  P. 

116.  Daedalea  cinerea,  Fr. — ^Ad  trunc.  dejectum.  Autimmo. 
R.  Island ;  Mr.  Bennett. 

117.  D.  sjephjm.  Berk. — Ad  lignum  duercAs,  Taxodii,  &c. 
Autumno.  Hieme.  Ohio  (Lea),  R.  Island  (Mr.  Bennett),  N.  and 
S.  Carolina. 

118.  Lenzites  cRATJEGi,  Berk. — Ad  Liquidarabar.  Society 
Hill,  S.  C. 

119.  Favolus  cuRTiPES,  Berk,  and  Curt.; — ^pileo  tenui  reni- 
formi  carnoso-rigido  glabro ;  stipite  brevissimo  disciform! ;  poris 
mediis  sinuatis  plicatis. — Ad  trunc.  mort.    Autumno.    Ravenel. 

Cap  2*  in.  broad,  IJ  long,  very  smooth,  rigid,  and  tawny  when 
dry.  Pores  ^V  i"*  broad,  pale,  undulated  and  crisped;  edge 
white.  An  extremely  pretty  species  resembling  F.  atcuUatus^ 
Mont. ;  but  the  pores  are  less  rigid  and  smaller,  the  substance 
more  fleshy. 

120.  Glceoporus  conchoedes,  Mont. — Ad  trunc.  prostratum. 
Society  Hill,  S.  Car. 

121.  Merulius  Corium,  Fr. — Ad  cort.  Cluercus,  Castaneae,  &c. 
Autumno,  Vere.     S.  Car. 

122.  M.  iNCRAssATus,  Bcrk.  and  Curt. ;— effusus  resupinatus, 
crassus  margine  breviter  reflexo ;  plicis  poriformibus. — Ad  lign. 
pineum  cariosum.     Society  Hill,  S.  Car. 

Effused  for  several  inches,  resupinate,  with  the  margin  shortly 
reflexed,  dirty  white  and  slightly  silky.  Substance  thick,  fleshy. 
Folds  forming  small  brownish  pores.    Allied  to  M.  tremellosus. 
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123.  PoROTHELiuM  Friesit,  Moot.— Ad  corticem  Janiperi. 
Hieme.     Santee  Canal ;  Ravenel. 

ARRHYTIDIA,  nov.  gen. — Hymenophorum  a  mycelio  mu- 
cedineo  contexto  formatum,  marginatum,  tectum  hymenio  ceraceo 
molli  laevi  sine  plicis.     Sporse  oblongae. 

124  Arrhttidia  tlava,  Berk,  and  Curt. — Ad  ramos  dejectos 
Pini.     Society  Hill,  S.  Car. 

Forming  little  scattered,  sometimes  confluent  patches,  J  in. 
broad,  consisting  of  a  white  mycelium  which  forms  a  distinct 
border  to  the  smooth  orange  yellow  hymenium;  sometimes  the 
border  is  double.     Spores  oblong,  fixed  obliquely  at  the  base. 

This  has  just  the  habit  of  Psilopezia,  but  is  without  Asci.  It 
is  a  distinctly  bordered,  mostly  pezizseform  MeruliuSj  destitute 
of  folds. 

125.  Hydnum  veldtinum,  Fr. — Ad  terram  in  sylvis.  Hills- 
borough, N.  Car. 

126.  H.  ORAVEOLENs,  Delastrc. — Ad  basin  caudicum  in  sylvis. 
Aestate.     Society  Hill,  S.  Car. 

127.  H.  puLCHERRiMUM,  Berk,  and  Curt. ;— dimidiatum  crassum 
lobatum  spongiosum  carnoso-fibrosum  hirsutum  intus  zonatumi 
margine  tenui ;  aculeis  breviusculis  subulatis.  Ad  truncos  pros- 
tratos  in  paludosis.  Aestate,  Autumno.  Santee  Canal,  (Mr. 
Ravenel,)  and  Society  Hill,  S.  Car. 

Pilei  very  white  becoming  pale  tawny,  snbimbricated,  3-6  in. 
broad,  2-3  long,  1-2  thick,  of  a  soft  spongy  consistence,  clothed 
with  copious  stiff  down  which  is  more  or  less  matted  with  age, 
sometimes  as  if  gummed  together.  Substance  slightly  zoned. 
Teeth  1-2  lines  long,  tawny. — This  splendid  species  is  closely 
allied  to  H.  septentrionale,  but  is  smaller,  far  less  imbricated,  and 
clothed  with  much  stiffer  hairs.  The  general  texture  is  precisely 
that  of  PoL  hispidus, 

128.  H.  piTHYOPHiLUM,  Berk,  and  Curt. ; — resupinatum  eflu- 
sum,  subiculo  tenuissimo  farinaceo-byssoideo ;  aculeis  ochraceis 
compressis  apice  dentato-laceris. — Ad  ram.  dejectos  (lign.  et  cort.) 
pineos,  Autumno,  Hieme.     Society  Hill,  S.  C. 

Forming  confluent  patches  several  inches  in  length.  Subi- 
culum  extremely  thin,  sometimes  farinaceous,  sometimes  finely 
byssoid,  white.  Teeth  pale  ochraceous  1  line  long,  more  or  less 
toothed  or  jagged  at  the  apex. — Resembling  resupinate  states  of 
H.  ochraceum,  but  diflering  both  in  the  subiculum  and  teeth. 

129.  H.  cinoLATUM,  Berk,  and  Curt. ; — ^resupinatum  orbiculare 
tenue  vix  a  matrice  solubile ;  aculeis  brevibus  compressis  floccoso- 
ciliolatis. — Ad  ramos  dejectos  (lign.  et  cort.)  Cluercus  et  Lirio- 
dendri  (?).    Autumno.     Society  Hill. 
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Forming  small  orbicular  patches,  an  inch  or  two  in  diameter, 
nearly  white  with  a  pale  ochraceous  tint,  thin,  margin  minutely 
byssoid,  sometimes  slightly  raised.  Teeth  short,  minutely  cilia- 
ted with  fine  flocci,  extending  to  the  very  margin  where  they  are 
merely  little  downy  fascicles. — Resembling  resupinate  forms  of 
H.  ochraceum,  but  differing  widely  in  the  nature  of  the  teeth. 

130.  H.  PLUMOsuM,  Duby. — In  rimis  cort.  crassse  Pini.  Hieme. 
Society  Hill. 


Art.  XVIll.'-Experimental  Researches  in  Electricity. ^Tweniff^ 
third  Series  ;  by  Michael  Faraday,  Esq.,  D.C.L.,  F.R.S.,  etc.* 

^  29.   On  the  polar  or  other  condition  of  diamagnetic  bodies. 

2640.  Four  years  ago  I  suggested  that  all  the  phenomena  pre- 
sented by  diamagnetic  bodies,  when  subjected  to  the  forces  in  the 
magnetic  field,  might  be  accounted  for  by  assuming  that  they 
then  possessed  a  polarity  the  same  in  kind  as,  but  the  reverse  in 
direction  of,  that  acquired  by  iron,  nickel  and  ordinary  magnetic 
bodies  under  the  same  circumstances  (2429.  2430.).  This  view- 
was  received  so  favorably  by  Plucker,  Reich  and  others,  and  above 
all  by  W.  Weber,t  that  I  had  great  hopes  it  would  be  confirm- 
ed ;  and  though  certain  experiments  of  my  own  (2497.)  did  not 
increase  that  hope,  still  my  desire  and  expectation  were  in  that 
direction. 

2641.  Whether  bismuth,  copper,  phosphorus,  &c.,  when  in  the 
magnetic  field,  are  polar  or  not,  is  however  an  exceedingly  im- 
portant question ;  and  very  essential  and  great  differences  in  the 
mode  of  action  of  these  bodies  under  the  one  view  or  the  other, 
must  be  eonceived  to  exist.  1  found  that  in  every  endeavor  to 
proceed  by  induction  of  experiment  from  that  which  is  known 
in  this  department  of  science  to  the  unknown,  so  much  uncer^ 
tainty,  hesitation  and  discomfort  arose  from  the  unsettled  state  of 
my  mind  on  this  point,  that  I  determined,  if  possible,  to  arrive 
at  some  experimental  proof  either  one  way  or  the  other.  This 
was  the  more  needful,  because  of  the  conclusion  in  the  afiirma- 
tive  to  which  Weber  had  come  in  his  very  philosophical  paper ; 
and  so  important  do  I  think  it  for  the  progress  of  science,  that 
in  those  imperfectly  developed  regions  of  knowledge,  which  form 
its  boundaries,  our  conclusions  and  deductions  should  not  go  far 
beyond,  or  at  all  events  not  aside  from  tlie  results  of  experiment 
(except  as  suppositions),  that  I  do  not  hesitate  to  lay  my  present 
labors,  though  they  arrive  at  a  negative  result,  before  the  Royal 
Society. 

<  From  the  Trans.  Roy.  Soc,  London,  Part  I,  for  1650.— Read  March  7  and  14. 1S50. 
i  Poggendorff's  Annaien,  January  1, 1848,  or  Taylor's  Scientific  Memoirs,  y,  p.  477. 
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2642.  It  appeared  to  me  that  many  of  the  results  which  had 
been  supposed  to  indicate  a  polar  condition,  were  only  conse- 
quences of  the  law  that  diamagnetic  bodies  tend  to  go  from 
stronger  to  weaker  places  of  action  (2418.) ;  others  again  appear- 
ed to  have  their  origin  in  induced  currents  (26.  2338.) ;  and  fur- 
ther consideration  seemed  to  indicate  that  the  differences  between 
these  modes  of  action  and  that  of  a  real  polarity,  whether  mag- 
netic or  diamagnetic,  might  serve  as  a  foundation  on  which  to 
base  a  mode  of  investigation,  and  also  to  construct  an  apparatus 
that  might  give  useful  conclusions  and  results  in  respect  of  this 
inquiry.  For,  if  the  polarity  exists  it  must  be  in  the  particles 
and  for  the  time  permanent,  and  therefore  distinguishable  from 
the  momentary  polarity  of  the  mass  due  to  induced  temporary 
currents  ;  and  it  must  also  be  distinguishable  from  ordinary  mag- 
netic polarity  by  its  contrary  direction. 

2643.  A  straight  wooden  lever,  2  feet  in  length,  was  fixed  by 
an  axis  at  one  end,  and  by  means  of  a  crank  and  wheel  made  to 
vibrate  in  a  horizontal  plane,  so  that  its  free  extremity  passed  to 
and  fro  through  about  2  inches.  Cylinders  or  cores  of  metal  or 
other  substances,  5J  inches  long  and  three-quarters  of  an  inch  di- 
ameter, were  fixed  in  succession  to  the  end  of  a  brass  rod  2  feet 
long,  which  itself  was  attached  at  the  other  end  to  the  moving 
extremity  of  the  lever,  so  that  the  cylinders  could  be  moved  to 
and  fro  in  the  direction  of  their  length  through  the  space  of  2 
inches.  A  large  cylinder  electro-magnet  was  also  prepared  (2191.), 
the  iron  core  of  which  was  21  inches  long  and  1*7  inch  in  diam- 
eter ;  but  one  end  of  this  core  was  made  smaller  for  the  length 
of  1  inch,  being  in  that  part  only  1  inch  in  diameter. 

2644.  On  to  this  reduced  part  was  fixed  a  hollow  helix  con- 
sisting of  616  feet  of  fine  covered  copper  wire:  it  was  3  inches 
long,  2  inches  external  diameter,  and  1  inch  internal  diameter: 
when  in  its  place,  I  inch  of  the  central  space  was  occupied  by 
the  reduced  end  of  the  electro-magnet  core  which  carried  it;  and 
the  magnet  and  helix  were  both  placed  concentric  with  the  metal 
cylinder  above  mentioned,  and  at  such  a  distance  that  the  latter^ 
in  its  motion,  would  move  within  the  helix  in  the  direction  of  its 
axis,  approaching  to  and  receding  from  the  electro-magnet  in 
rapid  or  slow  succession.  The  least  and  greatest  distances  of  the 
moving  cylinder  from  the  magnet  during  the  journey  were  one- 
eighth  of  an  inch  and  2-2  inches.  The  object  of  course  was  to 
observe  any  influence  upon  the  experimental  helix  of  fine  wire 
which  the  metal  cylinders  might  exert,  either  whilst  moving  to 
or  from  the  magnet,  or  at  different  distances  from  it.'*'' 

♦  It  is  very  probable  that  if  the  metals  were  made  into  cylinders,  sliorter  but  of 
larger  diameter  than  those  described  above,  and  used  with  a  corresponding  wider  he- 
la,  better  results  than  those  I  have  obtained  would  be  acquired. 
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2645.  The  extremities  of  the  experimental  helix  wire  were 
connected  with  a  very  delicate  galvanometer,  placed  18  or  20  feet 
from  the  machine,  so  as  to  be  unaffected  directly  by  the  electro- 
magnet ;  but  a  commutator  was  interposed  between  them.  This 
commutator  was  moved  by  the  wooden  lever  (2643.),  and  as  the 
electric  currents  which  would  arrive  at  it  from  the  experimental 
helix,  in  a  complete  cycle  of  motion  or  to  and  fro  action  of  the 
metal  cylinder  (2643.),  would  consist  of  two  contrary  portions, 
so  the  office  of  this  commutator  was,  sometimes  to  take  up  these 
portions  in  succession  and  send  them  on  in  one  consistent  current 
to  the  galvanometer,  and  at  other  times  to  oppose  them  and  to 
neutralize  their  result;  and  therefore  it  was  made  adjustible,  so 
as  to  change  at  any  period  of  the  time  or  part  of  the  motion. 

2646.  With  such  an  arrangement  as  this,  it  is  known  that, 
however  powerful  the  magnet,  and  however  delicate  the  other 
parts  of  the  apparatus,  no  effect  will  be  produced  at  the  galvan- 
ometer as  long  as  the  magnet  does  not  change  in  force,  or  in  its 
action  upon  neighboring  bodies,  or  in  its  distance  from,  or  rela- 
tion to,  the  experimental  helix ;  but  the  introduction  of  a  piece 
of  iron  into  the  helix,  or  anything  else  that  can  influence  or  be 
influenced  by  the  magnet,  can,  or  ought  to,  show  a  correspond- 
ing influence  upon  the  helix  and  galvanometer.  My  apparatus  I 
should  imagine,  indeed,  to  be  almost  the  same  in  principle  and 
practice  as  that  of  M.  Weber  (2640.),  except  that  it  gives  me 
contrary  results. 

2647.  But  to  obtain  correct  conclusions,  it  is  most  essential 
that  extreme  precaution  should  be  taken  in  relation  to  many  points 
which  at  first  may  seem  unimportant.  All  parts  of  the  apparatus 
should  have  perfect  steadiness,  and  be  fixed  almost  with  the  care 
due  to  an  astronomical  instrument ;  for  any  motion  of  any  por- 
tion of  it,  is,  from  the  construction,  sure  to  synchronize  with  the 
motion  of  the  commutator ;  and  portions  of  effect,  inconceivably 
small,  are  then  gathered  up  and  made  manifest  as  a  whole  at  the 
galvanometer;  and  thus,  without  care,  errors  might  be  taken  for 
real  and  correct  results.  Therefore,  in  my  arrangements,  the 
machine  (2643,  &c.),  the  magnet  and  helix,  and  the  galvanome- 
ter stood  upon  separate  tables,  and  these  again  upon  a  stone  floor 
laid  upon  the  earth ;  and  the  table  carrying  the  machine  was  care- 
fully strutted  to  neighboring  stone-work. 

2i548.  Again,  the  apparatus  should  itself  be  perfectly  firm  and 
without  shake  in  its  motion,  and  yet  easy  and  free.  No  iron 
should  be  employed  in  any  of  the  moving  parts.  I  have  springs 
to  receive  and  convert  a  portion  of  the  momentum  of  the  whole 
at  the  end  of  the  to  and  fro  journey  ;  but  it  is  essential  that  these 
should  be  of  hammered  brass  or  copper. 

2649.  It  is  absolutely  necessary  that  the  cylinder  or  core  in  its 
motion  should  not  in  the  least  degree  disturb  or  shake  the  ezper- 
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imental  helix  and  the  magnet.  Such  a  shake  may  easily  take 
place,  and  yet  (without  much  experience)  not  be  perceived.  It 
is  important  to  have  the  cores  of  such  bodies  as  bismuth,  phos^ 
phorus,  copper,  (fcc,  as  large  as  may  be,  but  I  have  not  found  it 
safe  to  have  less  than  one-eighth  of  an  inch  of  space  between 
them  and  the  interior  of  the  experimental  helix.  In  order  to 
float,  as  it  were,  the  core  in  the  air,  it  is  convenient  to  suspend  it 
in  the  bight  or  turn  of  a  fine  copper  wire  passing  once  round  it, 
the  ends  of  which  rise  up,  and  are  made  fast  to  two  fixed  points 
at  equal  heights  but  wide  apart,  so  that  the  wire  has  a  V  form. 
This  suspension  keeps  the  core  parallel  to  itself  in  every  part 
of  its  motion. 

2650.  The  magnet,  when  excited,  is  urged  by  an  electric  cur* 
rent  from  five  pairs  of  Grove's  plates,  and  is  then  very  powerful. 
When  the  battery  is  not  connected  with  it,  it  still  remains  a  mag- 
net of  feeble  power,  and  when  thus  employed  may  be  referred  to 
as  in  the  residual  state.  If  employed  in  the  residual  state,  its 
power  may  for  the  time  be  considered  constant,  and  the  experi- 
mental helix  may  at  any  moment  be  connected  with  the  galvan- 
ometer without  any  current  appearing  there.  But  if  the  magnet 
be  employed  in  the  excited  state,  certain  important  precautions 
are  necessary ;  for  upon  connecting  the  magnet  with  the  battery 
and  then  connecting  the  experimental  helix  with  the  galvanome- 
ter, a  current  will  appear  at  the  latter,  which  will,  in  certain  cases, 
continue  for  a  minute  or  more,  and  which  has  the  appearance  of 
being  derived  at  once  from  that  of  the  battery.  It  is  not  so  pro- 
duced, however,  bqt  is  due  to  the  time  occupied  by  the  iron  core 
in  attaining  its  maximum  magnetic  condition  (2170.  2332.),  dur- 
ing the  whole  of  which  it  continues  to  act  upon  the  experimen- 
tal helix,  producing  a  current  in  it.  This  time  varies  with  seve- 
ral circumstances,  and  in  the  same  electro-magnet  varies  especially 
with  the  period  during  which  the  magnet  has  been  out  of  use. 
When  first  employed,  after  two  or  three  days'  rest,  it  will  amount 
to  eighty  or  ninety  seconds,  or  more.  On  breaking  battery  con- 
tact and  immediately  renewing  it,  the  efifect  will  be  repeated,  but 
occupy  only  twenty  or  thirty  seconds.  On  a  third  intermission 
and  renewal  of  the  current,  it  will  appear  for  a  still  shorter  period ; 
and  when  the  magnet  has  been  used  at  short  intervals  for  some 
time,  it  seems  capable  of  receiving  its  maximum  power  almost 
at  once.  In  every  experiment  it  is  necessary  to  wait  until  the  ef- 
fect is  shown  by  the  galvanometer  to  be  over ;  otherwise  the  last 
remains  of  such  an  effect  might  be  mistaken  for  a  result  of  polar- 
ity, or  some  peculiar  action  of  the  bismutli  or  other  body  under 
investigation. 

2651.  The  galvanometer  employed  was  made  by  Ruhmkorff 
and  was  very  sensible.  The  needles  were  strengthened  in  their 
action  and  rendered  so  nearly  equal,  that  a  single  vibration  to  the 
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right  or  the  left  occupied  from  sixteen  to  twenty  seconds.  When 
experimenting  with  such  bodies  as  bismuth  or  phosphorus,  the 
place  of  the  needle  was  observed  through  a  lens.  The  perfect 
communication  in  all  parts  of  the  circuit  was  continually  ascer* 
tained  by  a  feeble  thermo-electric  pair,  warmed  by  the  fingers. 
This  was  done  also  for  every  position  of  the  commutator,  where 
the  film  of  oxyd  formed  on  any  part  by  two  or  three  days'  rest 
was  quite  sufficient  to  intercept  a  feeble  current. 

2652.  In  order  to  bring  the  phenomena  aflbrded  by  magnetic 
and  diamagnetic  bodies  into  direct  relation,  I  have  not  so  much 
noted  the  currents  produced  in  the  experimental  helix,  as  the  ef- 
fects obtained  at  the  galvanometer.  It  is  to  be  understood,  that 
the  standard  of  deviation,  as  to  direction,  has  always  been  that 
produced  by  an  iron  wire  moving  in  the  same  direction  at  the  ex- 
perimental helix,  and  with  the  same  condition  of  the  commuta- 
tor and  connecting  wires,  as  the  piece  of  bismuth  or  other  body 
whose  effects  were  to  be  observed  and  compared. 

2663.  A  thin  glass  tube,  of  the  given  size  (2643.),  6J  by  } 
inches,  was  filled  with  a  saturated  solution  of  protosulphate  of 
iron,  and  employed  as  the  experimental  core :  the  velocity  given 
to  the  machine  at  this  and  all  average  times  of  experiment  was 
such  as  to  cause  'five  or  six  approaches  and  withdrawals  of  the 
core  in  one  second ;  yet  the  solution  produced  no  sensible  indica- 
tion at  the  galvanometer.  A  piece  of  magnetic  glass  tube  (2354. ), 
and  a  core  of  foolscap  paper,  magnetic  between  the  poles  of  the 
electro-magnet,  were  equally  inefficient.  A  tube  filled  with  small 
crystals  of  protosulphate  of  iron  caused  the  needle  to  move  about 
2^,  and  cores  formed  out  of  single  large  crystals,  or  symmetric 
groups  of  crystals  of  sulphate  of  iron,  produced  the  same  effect 
fled  oxyd  of  iron  (colcothar)  produced  the  least  possible  effect. 
Iron  scales  and  metallic  iron  (the  latter  as  a  thin  wire)  produced 
large  effects. 

2654  Whenever  the  needle  moved,  it  was  consistent  in  its  di- 
rection with  the  effect  of  a  magnetic  body ;  but  in  many  cases, 
with  known  magnetic  bodies,  the  motion  was  little  or  none.  This 
proves  that  such  an  arrangement  is  by  no  means  so  good  a  test  of 
magnetic  polarity  as  the  use  of  a  simple  or  an  astatic  needle.  This 
deficiency  of  power  in  that  respect  does  not  interfere  with  its 
ability  to  search  into  the  nature  of  the  phenomena  that  appear 
in  the  experiments  of  Weber,  Reich  and  others. 

2655.  Other  metals  than  iron  were  now  employed  and  with 
perfect  success.  If  they  were  magnetic,  as  nickel  and  cobalt,  the 
deflection  was  in  the  same  direction  as  for  iron.  When  the  met- 
als were  diamagnetic,  the  deflection  was  in  the  contrary  direction ; 
and  for  some  of  the  metals,  as  copper,  silver  and  gold,  it  amoimt- 
ed  to  60^  or  70^,  which  was  permanently  sustained  as  long  as 
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the  machine  continued  to  work.  But  the  deflection  was  not  the 
greatest  for  the  most  diamagnetic  substances,  as  bismuth,  or  anti<* 
EDony,  or  phosphorus ;  on  the  contrary,  I  have  not  been  able  to 
assure  myself,  up  to  this  time,  that  these  three  bodies  can  pro- 
duce any  effect.  Thus  far  the  effect  has  been  proportionate  to 
the  conducting  power  of  the  substance  for  electricity.  Gold,  sil- 
ver and  copper  have  produced  large  deflections,  lead  and  tin  less. 
Platina  very  little.     Bismuth  and  antimony  none. 

2656.  Hence  there  was  every  reason  to  believe  that  the  effects 
Were  produced  by  the  currents  induced  in  the  mass  of  the  mov* 
ing  metals,  and  not  by  any  polarity  of  their  particles.  I  proceeded 
therefore  to  test  this  idea  by  different  conditions  of  the  cores  and 
the  apparatus. 

2657.  In  the  first  place,  if  produced  by  induced  currents,  the 
great  proportion  of  these  would  exist  in  the  part  of  the  core  near 
to  the  dominant  magnet,  and  but  little  in  the  more  distant  parts; 
whereas  in  a  substance  like  iron,  the  polarity  which  the  whole 
assumes  makes  length  a  more  important  element.  I  therefore 
shortened  the  core  of  copper  from  5 J  inches  (2643.)  to  2  inches, 
and  found  the  effect  not  sensibly  diminished ;  even  when  1  inch 
long  it  was  little  less  than  before.  On  the  contrary,  when  a  fine 
iron  wire,  5J  inches  in  length,  was  used  as  core,  its  effects  were 
strong ;  when  the  length  was  reduced  to  2  inches,  they  were 
greatly  diminished;  and  again,  with  a  length  of  1  inch,  still  fur-* 
ther  greatly  reduced.  It  is  not  difficult  to  construct  a  core  of  cop^ 
per,  with  a  fine  iron  wire  in  its  axis,  so  that  when  above  a  cer- 
tain length  it  should  produce  the  effects  of  iron,  and  beneath  that 
length. the  effects  of  copper. 

2658.  In  the  next  place,  if  the  effect  were  produced  by  induced 
currents  in  the  mass  (2642.),  division  of  the  mass  would  stop 
these  currents  and  so  alter  the  effect;  whereas  if  produced  by  a 
true  diamagnetic  polarity,  division  of  the  mass  would  not  Sifkct 
the  polarity  seriously,  or  in  its  essential  nature  (2430.).  Some 
copper  filings  were  therefore  digested  for  a  few  days  in  dilute  sul- 
phuric acid  to  remove  any  adhering  iron,  then  well  washed  and 
dried,  and  afterwards  warmed  and  stirred  in  the  air,  until  it  was 
seen  by  the  orange  color  that  a  very  thin  film  of  oxyd  had  formed 
upon  them :  they  were  finally  introduced  into  a  glass  tube  (2653.) 
and  employed  as  a  core.  It  produced  no  effect  whatever,  but 
was  now  as  inactive  as  bismuth. 

2669.  The  copper  may  however  be  divided  so  as  either  to  in- 
terfere with  the  assumed  currents  or  not,  at  pleasure.  Pine  cop- 
per wire  was  cut  up  into  lengths  of  6i  inches,  and  as  many  of 
these  associated  together  as  would  form  a  compact  cylinder  three- 
quarters  of  an  inch  in  diameter  (2643.) ;  it  produced  no  effect  at 
the  galvanometer.  Another  copper  core  was  prepared  by  asso« 
ciating  together  many  discs  of  thin  copper  plate,  three-quarters  of 
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an  inch  in  diameter,  and  this  affected  the  galiranometer,  hdd'mg 
its  needle  26°  or  30^  from  zero. 

2660.  I  made  a  solid  helix  cylinder,  three-quarters  of  an  inch 
in  diameter  and  2  inches  long,  of  covered  copper  wire,  one-six- 
teenth of  an  inch  thick,  and  employed  this  as  the  experimental 
core.  When  the  two  ends  of  its  wire  were  unconnected,  there 
was  no  effect  upon  the  experimental  helix,  and  consequently  none 
at  the  galvanometer ;  but  when  the  ends  were  soldered  together, 
the  ne^le  was  well  affected.  In  the  first  condition,  the  currents, 
which  tended  to  be  formed  in  the  mass  of  moving  metal,  could 
not  exist  because  the  metal  circuit  was  interrupted ;  in  the  second 
they  could,  because  the  circuit  was  not  interrupted ;  and  such  di- 
vision as  remained  did  not  interfere  to  prevent  the  currents. 

2661.  The  same  results  were  obtained  with  other  metals.  A 
core  cylinder  of  gold,  made  of  half-sovereigns,  was  very  power- 
ful in  its  effect  on  the  galvanometer.  A  cylinder  of  silver,  made 
of  sixpenny  pieces,  was  very  effectual ;  but  a  cylinder  made  of 
precipitated  silver,  pressed  into  a  glass  tube  as  closely  as  possible, 
gave  no  indications  of  action  whatever.  The  same  results  were 
obtained  with  disc  cylinders  of  tin  and  lead,  the  effects  being 
proportionate  to  the  condition  of  tin  and  lead  as  bad  conductors. 
(2665.) 

2662.  When  iron  was  divided,  the  effects  were  exactly  the  re- 
verse in  kind.  It  was  necessary  to  use  a  much  coarser  galvan- 
ometer and  apparatus  for  the  purpose ;  but  that  being  done,  the 
emplojrment  of  a  solid  iron  core,  and  of  another  of  the  same  sixe 
or  weight  formed  of  lengths  of  fine  iron  wire  (2659.),  showed 
that  the  division  had  occasioned  no  inferiority  in  the  latter.  The 
excellent  experimental  researches  of  Dove*  on  the  electricity  of 
induction,  will  show  that  this  ought  to  be  the  case. 

2663.  Hence  the  result  of  division  in  the  diamagnetic  metab 
is  altogether  of  a  nature  to  confirm  the  conclusion,  that  the  effects 
produced  by  them  are  due  to  induced  currents  moving  through 
their  masses,  and  not  to  any  polarity  correspondent  in  its  general 
nature  (though  opposed  in  its  direction)  to  that  of  iron. 

2664  In  the  third  place  (2656.),  another  and  very  important 
distinction  in  the  actions  of  a  diamagnetic  metal  may  be  experi- 
mentally established  according  as  they  may  be  due  either  to  a 
true  polarity,  or  merely  to  the  presence  of  temporary  induced  cnr^ 
rents ;  and  as  for  the  consideration  of  this  point  diamagnetic  and 
magnetic  polarity  are  the  same,  the  point  may  best  be  considered, 
at  present,  in  relation  to  iron. 

2665.  If  a  core  of  any  kind  be  advanced  towards  the  domi- 
nant magnet  and  withdrawn  from  it  by  a  motion  of  uniform  ve- 
kx^ity,  then  a  complete  journey  or  to  and  from  action  might  be 

*  T»ylor^B  SdeDtifio  Memoin,  ▼,  p.  129.    I  do  not  see  a  date  to  the  paper. 
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divided  into  four  parts ;  the  to,  the  stop  after  it ;  the  fromy  and 
the  stop  succeeding  that.  If  a  core  of  iron  make  this  journey, 
its  end  towards  the  dominant  magnet  becomes  a  pole,  rising  ia 
force  until  at  the  nearest  distance,  and  falling  in  force  until  at  the 
greatest  distance.  Both  this  effect  and  its  progression  inwards 
and  outwards,  cause  currents  to  be  induced  in  the  surrounding 
helix,  and  these  currents  are  in  one  direction  as  the  core  advances, 
and  in  the  contrary  direction  as  it  recedes.  In  reality,  however, 
the  iron  does  not  travel  with  a  constant  velocity ;  for,  because  of 
the  communication  of  motion  from  a  revolving  crank  at  tlie  mse* 
chine  (2643.),  it,  in  the  to  part  of  the  journey,  gradually  rises 
from  a  state  of  rest  to  a  maximum  velocity,  which  is  half-way, 
and  then  as  gradually  sinks  to  rest  again  near  the  magnet : — and 
the  from  part  of  the  journey  undergoes  the  same  variations.  Now 
as  the  maximum  effect  upon  the  surrounding  experimental  helix 
depends  upon  the  velocity  conjointly  with  the  intensity  of  the 
magnetic  force  in  the  end  of  the  core,  it  is  evident  that  it  will 
not  occur  with  the  maximum  velocity,  which  is  in  the  middle  of 
the  to  or  from  motion ;  nor  at  the  stop  nearest  to  the  dominant 
magnet,  where  the  core  end  has  greatest  magnetic  force,  but  some- 
where between  the  two.  Nevertheless,  during  the  whole  of  the 
advance,  the  core  will  cause  a  current  in  the  experimental  helix 
in  one  direction,  and  during  the  whole  of  the  recession  it  will 
cause  a  current  in  the  other  direction. 

2666.  If  diamagnetic  bodies,  under  the  influence  of  the  domi- 
nant magnet,  assume  also  a  polar  state,  the  difference  between 
them  and  iron  being  only  that  the  poles  of  like  names  or  forces 
are  changed  in  place  (2429.  2430.),  then  the  same  kind  of  actioa 
as  that  described  for  iron  would  occur  with  them ;  the  only  dif** 
ference  being,  that  the  two  currents  produced  would  be  in  the  re- 
verse direction  to  those  produced  by  iron. 

2667.  If  a  commutator,  therefore,  were  to  be  arranged  to  gather 
up  these  currents,  either  in  the  one  case  or  the  other,  and  send 
them  on  to  the  galvanometer  in  one  consistent  current,  it  should 
change  at  the  moments  of  the  two  stops  (2665.),  and  then  would 
perform  such  duty  perfectly.  If,  on  the  other  hand,  the  commu- 
tator should  change  at  the  times  of  maximum  velocity  or  maxi- 
mum intensity,  or  at  two  other  times  equidistant  either  from  the 
one  stop  or  from  the  other,  then  the  parts  ^f  the  opposite  currents 
intercepted  between  the  changes  would  exactly  neutralize  each 
other,  and  no  final  current  would  be  sent  on  to  the  galvanometer. 

2668.  Now  the  action  of  the  iron  is,  by  experiment,  of  this 
nature.  If  an  iron  wire  be  simply  introduced  or  taken  out  of 
the  experimental  helix  with  different  conditions  of  the  commuta- 
tor, the  results  are  exactly  those  which  have  been  stated.  If  the 
machine  bo  worked  with  an  iron  wire  core,  the  commutator  chang- 
ing at  the  stops  (2665.),  then  the  current  gathered  up  and  sent 
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on  to  the  galvanometer  is  a  maximum  ;  if  thecommntator  change 
at  the  moments  of  maximum  velocity,  or  at  any  other  pair  of 
moments  equidistant  from  the  one  stop  or  the  other,  then  the  cur- 
rent at  the  commutator  is  a  minimum,  or  0. 

2669.  There  are  two  or  three  precautions  which  are  necessary 
to  the  production  of  a  pure  result  of  this  kind.  In  the  first  place, 
the  iron  ought  to  be  soft  and  not  previously  in  a  magnetic  state. 
In  the  next,  an  effect  of  the  following  kind  has  to  be  guarded 
against.  If  the  iron  core  be  away  from  the  dominant  magnet  at 
the  beginning  of  an  experiment,  then,  on  working  the  machine, 
the  galvanometer  will  be  seen  to  move  in  one  direction  for  a  fev 
moments,  and  afterwards,  notwithstanding  the  continued  actioa 
of  the  machine,  will  return  and  gradually  take  up  its  place  at  OP. 
If  the  iron  core  be  at  its  shortest  distance  from  the  dominant 
magnet  at  the  beginning  of  the  experiment,  then  the  galvanom- 
eter needle  will  move  in  the  contrary  direction  to  that  which  it 
took  before,  but  will  again  settle  at  CP.  These  effects  are  due  to 
the  circumstance,  that,  when  the  iron  is  away  from  the  dominant 
magnet,  it  is  not  in  so  strong  a  magnetic  state,  and  when  at  the 
nearest  to  it  is  in  a  stronger  state,  than  the  mean  or  amermge  st^e, 
which  it  acquires  during  the  continuance  of  an  experiment;  and 
that  in  rising  or  falling  to  this  average  state,  it  produces  two  eur-> 
rents  in  contrary  directions,  which  are  made  manifest  in  the  ex- 
periments described.  These  existing  only  for  the  first  moments, 
do,  in  their  effects  at  the  galvanometer,  then  appear,  producing  a 
vibration  which  gradually  passes  away. 

2670.  One  other  precaution  I  ought  to  j^cify.  Unless  the 
commutator  changes  accurately  at  the  given  points  of  the  jour- 
ney, a  little  effect  is  gathered  up  at  each  change,  and  may  give 
a  permanent  deflection  of  the  needle  in  one  direction  or  the  other* 
The  tongues  of  my  commutator,  being  at  right  angles  to  the  di- 
rection of  motion  and  somewhat  flexible,  dragged  a  little  in  the 
to  sxid  from  parts  of  the  journey :  in  doing  this  they  approximated, 
though  only  in  a  small  degree,  to  that  which  is  the  best  condi- 
tion of  the  commutator  for  gathering  up  (and  not  opposing)  the 
currents ;  and  a  deflection  to  the  right  or  left  appeared  (2677.). 
Upon  discovering  the  cause  and  stiffening  the  tongues  so  as  to 
prevent  their  flexure,  the  effect  disappeared,  and  the  iron  was  per- 
fectly inactive. 

2671.  Such  therefore  are  the  results  with  an  iron  core,  and 
such  would  be  the  effects  with  a  copper  or  bismuth  core  if  they 
acted  by  a  diamagnetic  polarity.  Let  us  now  consider  what  the 
consequences  would  be  if  a  copper  or  bismuth  core  were  to  act 
by  currents,  induced  for  the  time,  in  its  moving  mass,  and  of  the 
nature  of  those  suspected  (2642.).  If  the  copper  cylinder  moved 
with  uniform  velocity  (2665.),  then  currents  would  exist  in  it, 
parallel  to  its  cimumferaace,  during  the  whole  time  of  its  motion ; 
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and  these  would  be  at  their  maximam  force  just  before  and  just 
after  the  to  or  inner  stop,  for  then  the  copper  would  be  in  the 
most  intense  parts  of  the  magnetic  field.  The  rising  current  of 
the  copper  core  for  the  in  portion  of  the  journey  would  produce 
a  current  in  one  direction  in  the  experimental  helix,  the  stopping 
of  the  copper  and  consequent  falling  of  its  current  would  pro- 
duce in  the  experimental  helix  a  current  contrary  to  the  former; 
the  first  instant  of  motion  outwards  in  the  core  would  produce  a 
maximum  current  in  it  contrary  to  its  former  current,  and  produc- 
ing in  the  experimental  helix  its  inductive  result,  being  a  current 
the  same  as  the  last  there  produced ;  and  then,  as  the  core  re- 
treated, its  current  would  fall,  and  in  so  doing  and  by  its  final 
stop,  would  produce  a  fourth  current  in  the  experimental  helix,  in 
the  same  direction  as  the  first. 

2672.  The  four  currents  produced  in  the  experimental  helix 
alternate  by  twos,  t.  e.  those  produced  by  the  falling  of  the  first 
current  in  the  core  and  the  rising  of  the  second  and  contrary  cur- 
rent, are  in  one  direction.  They  occur  at  the  instant  before  and 
after  the  stop  at  the  magnet,  i,  e.  from  the  moment  of  maximum 
current  (in  the  core)  before,  to  the  moment  of  maximum  current 
after,  the  stop ;  and  if  that  stop  is  momentary,  they  exist  only  for 
that  moment,  and  should  during  that  brief  time  be  gathered  up  by 
the  commutator.  Those  produced  in  the  experimental  helix  dur- 
ing the  falling  of  the  second  current  in  the  core  and  the  rising  of 
a  third  current  (identical  with  the  first)  in  the  return  of  the  core 
to  the  magnet,  are  also  the  same  in  direction,  and  continue  from 
the  beginning  of  the  retreat  to  the  end  of  the  advance  (or  from 
maximum  to  maximum)  of  the  core  currents,  i.  e,  for  almost  the 
whole  of  the  core  journey ;  and  these,  by  its  change  at  the  maxi- 
mum moments,  the  commutator  should  take  up  and  send  on  to 
the  galvanometer. 

2673.  The  motion  however  of  the  core  is  not  uniform  in  ve- 
locity, and  so,  sudden  in  its  change  of  direction,  but,  as  before 
said  (2665.),  is  at  a  maximum  as  respects  velocity  in  the  middle 
of  its  approach  to  and  retreat  from  the  dominant  magnet ;  and 
hence  a  very  important  advantage.  For  its  stop  may  be  said  to 
commence  immediately  after  the  occurrence  of  the  maximum  ve- 
locity ;  and  if  the  lines  of  magnetic  force  were  equal  in  position 
and  power  there  to  what  they  are  nearer  to  the  magnet,  the  con- 
trary currents  in  the  experimental  helix  would  commence  at  those 
points  of  the  journey ;  but,  as  the  core  is  entering  into  a  more  in- 
tense part  of  the  field,  the  current  in  it  still  rises  though  the  ve- 
locity diminishes,  and  the  consequence  is,  that  the  maximum 
current  in  it  neither  occurs  at  the  place  of  greatest  velocity,  nop 
of  greatest  force,  but  at  a  point  between  the  two.  This  is  true 
both  as  regards  the  approach  and  the  recession  of  the  core,  the 
two  maxima  of  the  currents  occurring  at  points  equidistant  from 
the  place  of  rest  near  the  dominant  magnet 
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2674.  It  is  therefore  at  these  two  points  that  the  commutator 
should  change,  if  adjusted  to  produce  the  greatest  effect  at  the 
galvanometer  by  the  currents  excited  in  the  experimental  hehx, 
through  the  influence  of,  or  in  connection  with,  currents  of  in- 
duction produced  in  the  core ;  and  experiment  fully  justifies  this 
conclusion.  If  the  length  of  the  journey  from  the  stop  out  to 
the  stop  in,  which  is  2  inches  (2643.  2644.),  be  divided  in  100 
parts,  and  the  dominant  magnet  be  supposed  to  be  on  the  right 
hand,  then  such  an  expression  as  the  following,  50{50,  may  rep- 
resent the  place  where  the  commutator  changes,  which  in  this 
illustration  would  be  midway  in  the  to  and  from  motion,  or  at 
the  places  of  greatest  velocity. 

2675.  Upon  trial  of  various  adjustments  of  the  commutator,  I 
have  found  that  from  77|23  to  88|12,  gave  the  best  result  with  a 
copper  core.  On  the  whole,  and  after  many  experiments,  I  con- 
clude that  with  the  given  strength  of  electro-magnet,  distance 
of  the  experimental  core  when  at  the  nearest  from  the  magnet, 
length  of  the  whole  journey,  and  average  velocity  of  the  ma- 
chine, 86|14  may  represent  the  points  where  the  induced  currents 
in  the  core  are  at  a  maximum  and  where  the  commutator  ought 
to  change. 

2676.  From  what  has  been  said  before  (2667.),  it  will  be  seen 
that  both  in  theory  and  experiment  these  are  the  points  in  which 
the  effect  of  any  polarity,  magnetic  or  diamagnetic,  would  be  ab- 
solutely nothing.  Hence  the  power  of  submitting  by  this  ma- 
chine metals  and  other  bodies  to  experiment,  and  of  eliminating 
the  effects  of  magnetic  polarity,  of  diamagnetic  polarity,  and  of 
inductive  action,  the  one  from  the  others :  for  either  by  the  com- 
mutator or  by  the  direction  of  the  polarity,  they  can  be  separated ; 
and  further,  they  can  also  be  combined  in  various  ways  for  the 
purpose  of  elucidating  their  joint  and  separate  action. 

2677.  For  let  the  arrows 
in  the  diagram  represent  the 
to  and  from  journey,  and  the 
intersections  of  the  lines,  a, 
6,  or  c,  d,  &c.,  the  periods  in 
the  journey  when  the  com- 
mutator changes   (in  which 

case  c,  d  will  correspond  to  ^     d        %  J^ 

6()|50,  and  e,  f  to  86|14),  then  a,  h  will  represent  the  condition 
of  the  commutator  for  the  maximum  effect  of  iron  or  any  other 
polar  body.  If  the  line  a,  6,  be  gradually  revolved  until  parallel 
to  c,  d,  it  will  in  every  position  indicate  points  of  commutator 
change,  which  will  give  the  iron  effect  at  the  galvanometer  by 
a  deflection  of  the  needle  always  in  the  same  direction ;  it  is 
only  when  the  ends  a  and  h  have  passed  the  points  c  and  c(,  either 
above  or  below,  that  the  direction  of  the  deflection  will  change 
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for  iron.  But  the  line  a,  6  indicates  those  points  for  the  commu* 
tator  with  which  no  effect  will  be  produced  on  the  galvanometer 
by  the  induction  of  currents  in  the  mass  of  the  core.  If  the 
line  be  inclined  in  one  direction,  as  i,  k^  then  these  currents  will 
produce  a  deflection  at  the  galvanometer  on  one  side ;  if  it  be  in- 
clined in  the  other  direction,  as  /,  m,  then  the  deflection  will  be 
on  the  other  side.  Therefore  the  effects  of  these  induced  cur* 
rents  may  be  either  combined  with,  or  opposed  to,  the  effects  of 
a  polarity,  whether  it  be  magnetic  or  diamagnetic. 

2678.  AH  the  metals  before  mentioned  (2655.),  namely,  gold^ 
silver,  copper,  tin,  lead,  platina,  antimony  and  bismuth,  were  sub- 
mitted to  the  power  of  the  electro-magnet  under  the  best  adjust- 
ment (2675.)  of  the  commutator.  The  eflects  were  stronger 
than  before,  being  now  at  a  maximum,  but  in  the  same  order ;  as 
regarded  antimony  and  bismuth,  they  were  very  small,  amount- 
ing to  not  more  than  half  a  degree,  and  may  very  probably  have 
been  due  to  a  remainder  of  irregular  action  in  some  part  of  the 
apparatus.  All  the  experiments  with  the  divided  cores  (2658,  &c.) 
were  repeated  with  the  same  results  as  before.  Phosphorus,  sul- 
phur and  gutta  percha  did  not,  either  in  this  or  in  the  former  state 
of  the  commutator,  give  any  indication  of  effect  at  the  galvan- 
ometer. 

2679.  As  an  illustration  of  the  manner  in  which  this  position 
of  the  commutator  caused  a  separation  of  the  effects  of  copper 
and  iron,  I  had  prepared  a  copper  cylinder  core  2  inches  in  leugtb 
having  an  iron  wire  in  its  axis,  and  this  being  employed  in  the 
apparatus  gave  the  pure  effect  of  the  copper  with  its  induced  cur* 
rents.  Yet  this  core,  as  a  whole,  was  highly  magnetic  to  an  or- 
dinary test-needle ;  and  when  the  two  changes  of  the  commuta- 
tor were  not  equidistant  from  the  one  stop  or  the  other  (2670. 
2677.),  the  iron  effect  came  out  powerfully,  overruling  the  former 
and  producing  very  strong  contrary  deflections  at  the  needle.  The 
platinum  core  which  I  have  used  is  an  imperfect  cylinder,  2  inches 
long  and  0*62  of  an  inch  thick:  it  points  magnetically  between 
the  poles  of  a  horseshoe  electro-magnet  (2381.),  making  a  vibra- 
tion in  less  than  a  second,  but  with  the  above  condition  of  the 
commutator  (2675.)  gives  4^  of  deflection  due  to  the  induced 
currents  the  magnetic  effect  being  annulled  or  thrown  out. 

2680.  Some  of  the  combined  effects  produced  by  oblique  posi- 
tion of  the  commutator  points  were  worked  out  in  confirmation 
of  the  former  conclusions  (2677.).  When  the  commutator  wa» 
so  adjusted  as  to  combine  any  polar  power  which  the  bismuth, 
as  a  diamagnetic  body,  might  possess,  with  any  conducting  power 
which  would  permit  the  formation  of  currents  by  induction  in 
its  mass  (2676.),  still  the  effects  were  so  minute  and  uncertain  as 
to  oblige  me  to  say  that,  experimentally,  it  is  without  either  po- 
lar or  inductive  action. 
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2681.  There  is  another  distinction  which  may  usefully  be  es^ 
tablished  between  the  effects  of  a  true  sustainable  polarity,  either 
magnetic  or  diamagnetic,  and  those  of  the  transient  induced  cur^ 
rents  dependent  upon  time.  If  we  consider  the  resistance  in  the 
circuit,  which  includes  the  experimental  helix  and  the  galvanom-' 
eter  coil,  as  nothing,  then  a  magnetic  pole  of  constant  strength 
passed  a  certain  distance  into  the  helix,  would  produce  the  same 
amount  of  current  electricity  in  it,  whether  the  pole  were  moved 
into  its  place  by  a  quick  or  slow  motion.  Or  if  the  iron  core  be 
Used  (2668.)  the  same  result  is  produced,  provided,  in  any  alter- 
nating action,  the  core  is  left  long  enough  at  the  extremities  of 
its  journey  to  acquire,  either  in  its  quick  or  slow  alternation,  the 
same  state.  This  I  found  to  be  the  fact  when  no  commutator 
nor  dominant  magnet  was  used ;  a  single  insertion  of  a  weak 
magnetic  pole  gave  the  same  deflection,  whether  introduced 
quickly  or  slowly ;  and  when  the  residual  dominant  magnet,  an 
iron  wire  core,  and  the  commutator  in  its  position,  a,  b  were  (2677.) 
used,  four  journeys  to  and  from  produced  the  same  effect  at  the  gal- 
yanometer  when  the  velocities  were  as  1 :  5  or  even  as  1 :  10. 

2682.  When  a  copper,  silver,  or  gold  core  is  employed  in  place 
of  the  iron,  the  effect  is  very  different  There  is  no  reason  to 
doubt,  that  as  regards  the  core  itself  the  same  amount  of  elec- 
tricity is  thrown  into  the  form  of  induced  circulating  currents 
within  it,  by  a  journey  to  or  from,  whether  that  journey  is  per- 
formed quickly  or  slowly:  the  above  experiment  (2681.)  in  fact 
confirms  such  a  conclusion.  But  the  effect  which  is  p«txluced 
upon  the  experimental  helix  is  not  proportionate  to  the  whole 
amount  of  these  currents,  but  to  the  maximum  intensities  to 
which  they  rise.  When  the  core  moves  slowly,  this  intensity  is 
small ;  when  it  moves  rapidly,  it  is  great,  and  necessarily  so,  for 
the  same  current  of  electricity  has  to  travel  in  the  two  differing 
periods  of  time  occupied  by  the  journeys.  Hence  the  quickly 
moving  core  should  produce  a  far  higher  effect  on  the  experimen- 
tal helix  than  the  slowly  moving  core :  and  this  also  I  found  to 
be  the  fact. 

2683.  The  short  copper  core  was  adjusted  to  the  apparatus, 
and  the  machine  worked  with  its  average  velocity  until  forty  jour- 
neys to  and  from  had  been  completed ;  the  galvanometer  needle 
passed  39^  west.  Then  the  machine  was  worked  with  a  greater 
rapidity,  also  for  forty  journeys,  and  the  needle  passed  through 
80^  or  more  west ;  finally,  being  worked  at  a  slow  rate  for  the 
same  number  of  journeys,  the  needle  went  through  only  21^ 
west.  The  extreme  velocities  in  this  experiment  were  probably 
as  ]  :  6 ;  the  time  in  the  longest  case  was  considerably  less  than 
that  of  one  vibration  of  the  needle  (2651.),  so  that  1  believe  all 
the  force  in  the  slowest  case  was  collected.  The  needle  is  very 
little  influenced  by  the  swing  or  momentum  of  its  parts,  because 
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of  the  deadening  effect  of  the  copper  plate  beneath  it,  and,  ex- 
cept to  return  to  zero,  moves  very  little  after  the  motion  of  the 
apparatus  ceases.    A  silver  core  produced  the  same  results. 

2684.  These  effects  of  induced  currents  have  a  relation  to  the 
phenomena  of  revulsion  which  I  formerly  described  (2310.  2315. 
8338.),  being  the  same  in  their  exciting  cause  and  principles  of 
action,  and  so  the  two  sets  of  phenomena  confirm  and  illus> 
trate  each  other.  That  the  revulsive  phenomena  are  produced 
by  induced  currents,  has  been  shown  before  (2327.  2329.  2336. 
2339.) ;  the  only  difference  is,  that  with  them  the  induced  cur- 
rents were  produced  by  exalting  the  force  of  a  magnet  placed  at 
a  fixed  distance  from  the  affected  metal ;  whilst  in  the  present 
phenomena,  the  force  of  the  magnet  does  not  change,  but  its  dis- 
tance  from  the  piece  of  metal  does. 

2685.  So  also  the  same  circumstances  which  affect  the  phe- 
nomena here  affect  the  revulsive  phenomena.  A  plate  of  metal 
will,  as  a  whole,  be  well-revulsed ;  but  if  it  be  divided  across  the 
course  of  the  induced  currents  it  is  not  then  affected  (2529.).  A 
ring  helix  of  copper  wire,  if  the  extremities  be  unconnected,  will 
not  exhibit  the  phenomena,  but  if  they  be  connected  then  it  pre- 
sents them  (2660.). 

2686.  On  the  whole,  the  revulsive  phenomena  are  a  far  better 
test  and  indication  of  these  currents  than  the  present  effects ;  es- 
pecially if  advantage  be  taken  of  the  division  of  the  mass  into 
plates,  so  as  to  be  analogous,  or  rather  superior,  in  their  action  to 
the  disc  cylinder  cores  (2659.  2661.).  Platinum,  palladium  and 
lead  in  leaf  or  foil,  if  cut  or  folded  into  squares  half  an  inch  in 
the  side,  and  then  packed  regularly  together,  will  show  the  phe- 
nomena of  revulsion  very  well ;  and  that  according  to  the  direc- 
tion of  the  leaves,  and  not  of  the  external  form.  Gold,  silver, 
tin  and  copper  have  the  revulsive  effects  thus  greatly  exalted. 
Antimony,  as  I  have  ah-eady  shown,  exhibits  the  effect  well  (2614. 
2519.).  Both  it  and  bismuth  can  be  made  to  give  evidence  of 
the  induced  currents  produced  in  them  when  they  are  used  in 
thin  plates,  either  single  or  associated,  although,  to  avoid  the  in- 
fluence of  the  diamagnetic  force,  a  little  attention  is  required  to 
the  moments  of  making  and  breaking  contact  between  the  vol- 
taic battery  and  the  electro-magnet 

2687.  Copper,  when  thus  divided  into  plates,  had  its  revulsive 
phenomena  raised  to  a  degree  that  I  had  not  before  observed.  A 
piece  of  copper  foil  was  annealed  and  tarnished  by  heat,  and  then 
folded  up  into  a  small  square  block,  half  an  inch  in  the  side  and 
a  quarter  of  an  inch  thick,  containing  seventy-two  folds  of  the 
metal.  This  block  was  suspended  by  a  silk  film  as  before  (2248. X 
and  whilst  at  an  angle  of  30^  or  thereabouts  with  the  equatorial 
line  (2252.),  the  electro-magnet  was  excited ;  it  immediately  ad* 
vanced  or  turned  until  the  angle  was  about  45^  or  50^,  and  then 
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stood  still.  Upon  the  interruption  of  the  electric  current  at  the 
magnet  the  revulsion  came  on  very  strongly,  and  the  block  turned 
back  again,  passed  the  equatorial  line,  and  proceeded  on  until  it 
formed  an  angle  of  50^  or  60^  on  the  other  side ;  but  instead  of 
continuing  to  revolve  in  that  direction  as  before  (2315.),  it  then 
returned  on  its  course,  again  passed  the  equatorial  line,  and  almost 
reached  the  axial  position  before  it  stood  still.  In  fact,  as  a  mass, 
it  vibrated  to  and  fro  about  the  equatorial  line. 

2688.  This  however  is  a  simple  result  of  the  principles  of  ac- 
tion formerly  developed  (2329.  2336.).  The  revulsion  is  due  to 
the  production  of  induced  currents  in  the  suspended  mass  during 
the  falling  of  the  magnetism  of  the  electro-magnet;  and  the  ef- 
fect of  the  action  is  to  bring  the  axis  of  these  induced  currents 
parallel  to  the  axis  of  force  in  the  magnetic  field.  Consequently, 
if  the  time  of  the  fall  of  magnetic  force,  and  therefore  of  the 
currents  dependent  thereon,  be  greater  than  the  time  occupied  by 
the  revulsion  of  the  copper  block  as  far  as  the  equatorial  line,  any 
further  motion  of  it  by  momentum  will  be  counteracted  by  a  con- 
trary force ;  and  if  this  force  be  strong  enough  the  block  will  re- 
turn. The  conducting  power  of  the  copper  and  its  division  into 
laminae,  tend  to  set  up  these  currents  very  readily  and  with  extra 
power ;  and  the  very  power  which  they  possess  tends  to  make 
the  time  of  a  vibration  so  short,  that  two  or  even  three  vibrations 
can  occur  before  the  force  of  the  electro-magnet  has  ceased  to  fall 
any  further.  The  effect  of  time,  both  in  the  rising  and  falling 
of  power,  has  been  referred  to  on  many  former  occasions  (2170. 
2650.),  and  is  very  beautifully  seen  here. 

2689.  Returning  to  the  subject  of  the  assumed  polarity  of  bis- 
muth, I  may  and  ought  to  refer  to  an  experiment  made  by  Reich, 
and  described  by  Weber,*  which,  if  I  understand  the  instructioD 
aright,  is  as  follows :  a  strong  horseshoe  magnet  is  laid  upon  a 
table  in  such  a  position  that  the  line  joining  its  two  poles  is  per- 
pendicular to  the  magnetic  meridian  and  to  be  considered  as 
prolonged  on  one  side ;  in  that  line,  and  near  the  magnet,  is  to 
be  placed  a  small  powerful  magnetic  needle,  suspended  by  cocoon 
silk,  and  on  the  other  side  of  it,  the  pole  of  a  bar  magnet,  in  such 
a  position  and  so  near,  as  exactly  to  counteract  the  effect  of  the 
horseshoe  magnet,  and  leave  the  needle  to  point  exactly  as  if  both 
magnets  were  away.  Then  a  mass  of  bismuth  being  placed  be- 
tween the  poles  of  the  horseshoe  magnet  is  said  to  react  upon  the 
small  magnet  needle,  causing  its  deflection  in  a  particular  direc- 
tion, and  this  is  supposed  to  indicate  the  polarity  of  the  bismuth 
under  the  circumstances,  as  it  has  no  such  action  when  the  mag- 
nets are  away.  A  piece  of  iron  in  place  of  the  bismuth  produces 
the  contrary  deflection  of  the  needle. 
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2690.  I  have  repeated  this  experiment  most  aimously  and  care- 
fully, but  have  never  obtained  the  slightest  trace  of  action  with 
the  bismuth.  I  have  obtained  action  with  the  iron ;  but  in  those 
cases  the  action  was  far  less  than  if  the  iron  were  applied  outside 
between  the  horseshoe  magnet  and  the  needle,  or  to  the  needle 
alone,  the  magnets  being  entirely  away.  On  using  a  garnet,  or 
a  weak  magnetic  substance  of  any  kind,  I  cannot  find  that  the 
arrangement  is  at  all  comparable  for  readiness  of  indication  or 
delicacy,  with  the  use  of  a  common  or  an  astatic  needle,  and 
therefore  I  do  not  understand  how  it  could  become  a  test  of  the 
polarity  of  bismuth  when  these  fail  to  show  it.  Still  I  may  have 
made  some  mistake ;  but  neither  by  close  reference  to  the  de- 
scription, nor  to  the  principles  of  polar  action,  can  I  discover 
where. 

2691.  There  is  an  experiment  which  Pliicker  described  to  me, 
and  which  at  first  seems  to  indicate  strongly  the  polarity  of  bis- 
muth. If  a  bar  of  bismuth  (or  phosphorus)  be  suspended  hori- 
zontally between  the  poles  of  the  electro-magnet,  it  will  go  to 
the  equatorial  position  with  a  certain  force,  passing,  as  I  have  said, 
from  stronger  to  weaker  places  of  action  (2267.).  If  a  bar  of 
iron  of  the  same  size  be  fixed  in  the  equatorial  position  a  little 
below  the  plane  in  which  the  diamagnetic  bar  is  moving,  the  lat^ 
ter  will  proceed  to  the  equatorial  position  with  much  greater  force 
than  before,  and  this  is  considered  as  due  to  the  circumstance, 
that,  on  the  side  where  the  iron  has  N  polarity,  the  diamagnetic 
body  has  S  polarity,  and  that  on  the  other  side  the  S  polarity  of 
the  iron  and  the  N  polarity  of  the  bismuth  also  coincide. 

2692.  It  is  however  very  evident  that  the  lines  of  magnetic 
force  have  been  altered  sufficiently  in  their  intensity  of  direction, 
by  the  presence  of  the  iron,  to  account  fully  for  the  increased  ef- 
fect For,  consider  the  bar  as  just  leaving  the  axial  position  and 
going  to  the  equatorial  position ;  at  the  moment  of  starting  its 
extremities  are  in  places  of  stronger  magnetic  force  than  before, 
for  it  cannot  be  doubted  for  a  moment  that  the  iron  bar  deter- 
mines more  force  from  pole  to  pole  of  the  electro-magnet  than  if 
it  were  away.  On  the  other  hand,  when  it  has  attained  the  equa- 
torial position,  the  extremities  are  under  a  much  weaker  magnetic 
force  than  they  were  subject  to  in  the  same  places  before ;  for 
the  iron  bar  determines  downwards  upon  itself  much  of  that 
force,  which,  when  it  is  not  there,  exists  in  the  plane  occupied 
by  the  bismuth.  Hence,  in  passing  through  90^,  the  diamag- 
netic is  urged  by  a  much  greater  difference  of  intensity  of  force 
when  the  iron  is  present  than  when  it  is  away ;  and  hence,  prob- 
ably, the  whole  additional  result.  The  effect  is  like  many  others 
which  I  have  referred  to  in  magnecrystallic  action  (2487-2497.), 
and  does  not,  I  think,  add  anything  to  the  experimental  proof  of 
diamagnetic  polarity. 
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2693.  Finallf ,  I  am  obliged  to  say  that  I  can  find  no  experi- 
mental evidence  to  support  the  hypothetical  view  of  diamag- 
netic  polarity  (2640.),  either  in  my  own  experiments,  or  in  the 
repetition  of  those  of  Weber,  Reich,  or  others.  I  do  not  say 
that  such  a  polarity  does  not  exist ;  and  I  should  think  it  possi- 
ble that  Weber,  by  far  more  delicate  apparatus  than  mioe,  had 
obtained  a  trace  of  it,  were  it  not  that  then  also  he  would  have 
certainly  met  with  the  far  more  powerful  effects  produced  by 
copper,  gold,  silver,  and  the  better  conducting  diamagnetics.  If 
bismuth  should  be  found  to  give  any  effect,  it  must  be  checked 
and  distinguished  by  reference  to  the  position  of  the  commutator, 
division  of  the  mass  by  pulverization,  influence  of  time,  Ac  It 
appears  to  me  also,  that,  as  the  magnetic  polarity  conferred  by 
iron  or  nickel  in  very  small  quantity,  and  in  unfavorable  states,  is 
fiir  more  readily  indiccUed  by  its  effect  on  an  astatic  needle,  or  by 
pointing  between  the  poles  of  a  strong  horseshoe  magnet,  than 
by  any  such  arrangement  as  mine  or  Weber's  or  Reich's,  so  dia- 
magnetic  polarity  would  be  much  more  easily  distinguished  in  the 
same  way,  and  that  no  indication  of  that  polarity  has  as  yet 
reached  to  the  force  and  value  of  those  already  given  by  Brog- 
mann  and  myself. 

2694.  So,  at  present,  the  actions  represented  or  typified  by 
iron,  by  copper  and  by  bismuth,  remain  distinct ;  and  their  rela- 
tions are  only  in  part  made  known  to  us.  It  cannot  be  doubted 
that  a  larger  and  simpler  law  of  action  than  any  we  are  yet  ac- 
quainted with,  will  hereafter  be  discovered,  which  shall  inclikle 
all  these  actions  at  once ;  and  the  beauty  of  Weber's  suggestion 
in  this  respect  was  the  chief  inducement  to  me  to  endeavor  to 
establish  it. 

2695.  Though  from  the  considerations  above  expressed  (2G93.) 
I  had  little  hopes  of  any  useful  results,  yet  I  thought  it  right  to 
submit  certain  magnecr3rstallic  cores  to  the  action  of  the  appa- 
ratus. One  core  was  a  large  group  of  symmetrically  disposed 
crystals  of  bismuth  (2457.) ;  another  a  very  large  crystal  of  red 
ferroprussiate  of  potassa;  a  third  a  crystal  of  calcareous  spar; 
and  a  fourth  and  fiflh  lai^e  crystals  of  protosulphate  of  iron. 
These  were  formed  into  cylinders  of  which  the  first  and  fourth 
had  the  magnecrystallic  axes  (2479.)  parallel  to  the  axis  of  the 
cylinder,  and  the  second,  third  and  fifth,  had  the  equatorial  direc- 
tion of  force  (2594.  2595.  2546.)  parallel  to  the  axis  of  the  cyl- 
inder. None  of  them  gave  any  effect  at  the  galvanometer,  exH 
cept  the  fourth  and  fifth,  and  these  were  alike  in  their  results, 
and  were  dependent  for  them  on  their  ordinary  magnetic  property. 

26%.  Some  of  the  expressions  I  have  used  may  seem  to  im- 
ply, that,  when  employing  the  copper  and  other  cores,  I  imagine 
that  currents  are  first  induced  in  them  by  the  dominant  magnet, 
and  that  these  induce  the  currents  which  are  observed  in  the  cx- 
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perifneQtal  helix.  Whether  the  cores  act  directly  on  the  experi- 
meotal  helix  or  indirectly  through  their  influence  on  the  donri'^ 
nant  magnet,  is  a  very  interesting  question,  and  I  have  found  it 
difficult  to  select  expressions,  though  I  wished  to  do  so,  which 
should  not  in  some  degree  prejudge  that  question.  It  seems  to 
me  probable,  that  the  cores  act  indirectly  on  the  helix,  and  that 
their  immediate  action  is  altogether  directed  towards  the  domi* 
nant  magnet,  which,  whether  they  consist  of  magnetic  or  dia« 
magnetic  metals,  raises  them  into  power  either  permanently  or 
transiently,  and  has  their  power  for  that  time  directed  towards  it. 
Before  the  core  moves  to  approach  the  magnet,  the  magnet  and 
experimental  helix  are  in  close  relation ;  and  the  latter  is  situated 
in  the  intense  field  of  magnetic  force  which  belongs  to  the  pole 
of  the  former.  If  the  core  be  iron,  as  it  approaches  the  magnet 
it  causes  a  strong  convergence  and  concentration  of  the  lines  of 
magnetic  force  upon  itself;  and  these,  as  they  so  converge,  pass* 
ing  through  the  helix  and  across  its  convolutions,  are  eompetent 
to  produce  the  currents  in  it  which  are  obtained  (2653.  2668.). 
As  the  iron  retreats  these  lines  of  force  diverge,  and  again  cros&* 
ing  the  line  of  the  wire  in  the  helix  in  a  contrary  direction  to 
their  former  course,  produce  a  contrary  current.  It  does  not  seem 
necessary,  in  viewing  the  action  of  the  iron  core,  to  suppose  any 
direct  action  of  it  on  the  helix,  or  any  other  action  than  this 
which  it  exerts  upon  the  lines  of  force  of  the  magnet.  In  such 
a  case  its  action  upon  the  helix  would  be  indirect. 

2697.  Then,  by  all  patity  erf  reasoning,  when  a  copper  core 
enters  the  helix  its  action  upon  it  should  be  indirect  also.  For 
the  currents  which  are  produced  in  it  are  caused  by  the  direct  in- 
fluence of  the  magnet,  and  must  react  equivalently  upon  it.  This 
they  do,  and  because  of  their  direction  and  known  action,  they 
will  cause  the  lines  of  force  of  the  magnet  to  diverge.  As  the 
core  diminishes  in  its  yelocity  of  motion,  or  comes  to  rest,  the 
currents  in  it  will  cease,  and  then  the  lines  of  force  will  converge ; 
and  this  divergence  and  convergence,  or  passage  in  two  direc- 
tions across  the  wire  of  the  experimental  helix,  is  sufficient  to 
prodnce  the  two  currents  which  are  obtained  in  the  advance  of 
the  core  towards  the  dominant  magnet  (2671.  2673.).  A  corres- 
ponding effect  in  the  contrary  direction  is  produced  by  the  retreat 
of  the  core. 

2698.  On  the  idea  that  the  actions  of  the  core  were  not  of  this 
kind,  but  more  directly  upon  the  helix,  I  interposed  substances 
between  the  core  and  the  helix  during  the  times  of  the  experi- 
ment. A  thick  copper  cylinder  2-2  inches  long,  0*7  of  an  inch 
external  diameter,  and  0*1  of  an  inch  internal  diameter,  and  con- 
sequently 0*3  of  an  inch  thick  in  the  sides,  was  placed  in  the  ex- 
perimental helix,  and  an  iron  wire  core  (2668.)  used  in  the  appa- 
ratus.    Still,  whatever  the  form  of  the  experiment,  the  kind  and 
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amount  of  effect  produced  were  the  same  as  if  the  copper  were 
away,  and  either  glass  or  air  in  its  place.  When  the  dominani 
magnet  was  removed  and  the  wire  core  made  a  magneti  the  same 
results  were  produced. 

2699.  Another  copper  lining,  being  a  cylinder  2-5  inches  long, 
1  inch  in  external  diameter,  and  one-eighth  of  an  inch  in  thick- 
ness, was  placed  in  the  experimental  helix,  and  cores  of  siker 
and  copper  five-eighths  of  an  inch  in  thickness,  employed  as  be- 
fore, with  the  best  condition  of  tlie  commutator  (2675.) :  the  ef- 
fects, with  and  without  the  copper,  or  with  and  without  the  glass^ 
were  absolutely  the  same  (2698.). 

2700.  There  can  be  no  doubt  that  the  copper  linings,  when  in 
place,  were  full  of  currents  at  the  time  of  action,  and  that  when 
away  no  snch  currents  would  exist  in  the  air  or  glass  replacing 
them.  There  is  also  full  reason  to  admit,  that  the  divergence 
and  convergence  of  the  magnetic  lines  of  force  supposed  above 
(2697.)  would  satisfactorily  account  for  such  currents  in  them, 
supposing  the  indirect  action  of  the  cores  were  assumed.  If  that 
supposition  be  rejected,  then  it  seems  to  me  that  the  whole  of  the 
bodies  present,  the  magnet,  the  helix,  the  core,  the  copper  lining, 
or  the  air  or  glass  which  replaces  it,  must  all  be  in  a  state  of  ten- 
sion, each  part  acting  on  every  other  part,  being  in  what  I  have 
occasionally  elsewhere  imagined  as  the  electro-tonic  state  ( 1729.). 

2701.  The  advance  of  the  copper  makes  the  lines  of  magnetic 
force  diverge,  or,  so  to  say,  drives  them  before  it  (2697.).  No 
doubt  there  is  a  reaction  upon  the  advancing  copper,  and  the  pro- 
duction of  currents  in  it  in  such  a  direction  as  makes  them  com- 
petent, if  continued,  to  continue  the  divergence.  But  it  does  not 
seem  logical  to  say,  that  the  currents  which  the  lines  of  force 
cause  in  the  copper,  are  the  cause  of  the  divei^eiice  of  the  lines 
of  force.  It  seems  to  me,  rather,  that  the  lines  of  force  are,  so 
to  say,  diverged,  or  bent  outward  by  the  advancing  copper  (or  by 
a  connected  wire  moving  across  lines  of  force  in  any  other  form 
of  the  experiments),  and  that  the  reaction  of  the  lines  of  force 
upon  the  forces  in  the  particles  of  the  copper  causes  them  to  be 
resolved  into  a  current,  by  which  the  resistance  is  discharged  and 
removed,  and  the  line  of  force  returns  to  its  place.  I  attach  no 
other  meaning  to  the  words  line  offeree  than  that  which  I  have 
given  on  a  former  occasion  (2149.). 

Royal  Ifutitution,  Dec,  14,  1849. 
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Abt.  XIX. — Notices  regarding  the  plants  yielding  the  fibre 
from  ufhich  the  Chrass^loth  of  China  is  manufactured.  Com* 
mnnicated  by  IHl  D.  J.  Macgowan,*  in  a  letter  to  Sir  James 
Hume,  Hon.  Sec.  of  the  Agric.  Society  of  India. 

[In  consequence  of  communications  received  last  year  from 
Dr.  Campbell,  Superintendent  of  Darjeeling,  and  Mr.  T.  F.  Henly, 
(Journal,  vol.  vi,  part  1,  p.  30,)  respecting  the  superior  charac- 
ter of  the  fibre  of  the  Kunchoora  of  Rungpore,  ( Urtica  tenacis- 
sima,  ILoxb.,)  in  which  some  observations  were  made  regard- 
ing its  probable  identity  with  the  plant  yielding  the  material  for 
the  well  known  and  valuable  "  grass-cloth"  of  China, — the  So- 
ciety was  induced  to  refer  the  matter  to  Dr.  Macgowan,  at  pres- 
ent stationed  at  Ningpo,  to  whose  obliging  kindness  it  is  indebted 
for  the  following  interesting  particulars,  which  have  been  obtain- 
ed partly  by  correspondence  with  scientific  friends  in  other  parts 
of  the  empire,  partly  by  consulting  botanical  works  and  enquir- 
ing among  the  natives,  and  also  from  {)ersonal  observations.  It 
is  worthy  of  remark,  that  the  Society's  museum  contains  several 
specimens  of  the  fibre  of  Urtica  tenadssima,  in  various  stages 
of  manufacture,  received  from  Assam  and  Cachar,  where  it  is 
known  by  the  name  "  Rheea  /'*  from  the  Shan  country,  where  it 
is  called  "  Pan /"  and  from  Ava  and  the  Tenasserim  provinces. 
The  plant  is  commonly  met  with  in  those  countries ;  and  it  is 
also  found  in  the  Straits'  Settlements,  where  it  is  called  *'i2ame6." 
(See  Low's  work  on  Penang  and  Province  Wellesley.)  All  the 
correspondents  of  the  Society,  from  whom  specimens  have  been 
received  at  various  intervals  during  the  last  ten  years — Major 
Jenkins,  Mr.  Landers,  Colonel  Burney  and  Major  Macfarquhar, 
speak  in  the  same  terms  respecting  the  great  strength,  durability 
and  fineness  of  this  fibre.  The  Shans  are  stated  to  use  it  for 
every  kind  of  cordage,  but  the  Assamese  and  natives  of  Rung- 
pore  and  Dinagepore,  employ  it  merely  for  manufacturing  into 
towing  lines  and  fishing  nets.  The  success  which  has  attended 
the  experiments  made  in  Leeds  and  other  towns  in  Great  Britain 
to  manufacture  cloth  from  a  mixture,  in  about  equal  proportions, 
of  Chinese  grass  and  sheep's  wool,  having  led  to  a  great  demand 
for  the  former  article  in  a  raw  state,  it  becomes  a  useful  subject 
of  enquiry  whether  the  Kunchoora  of  Rungpore,  and  Rheea  of 
Assam,  could  not  be  made  a  profitable  article  of  export  in  com- 
petition with  the  China  material. — Eds.  of  Jour,  of  Agric.  and 
Hot.  Society.] 

Sir, — The  inquiries  you  have  done  me  the  honor  to  propose  in 
behalf  of  the  Agricultural  Society  of  Bengal,  respecting  the  plant 

*  From  the  Journal  of  the  Agricultural  and  Horticoltnral  Society  of  India,  for  1S4S. 
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from  which  '^  grass-cloth"  is  manufactured,  embrace  more  than 
can  be  satisfactorily  answered  at  the  present  time.  The  subjoin- 
ed account,  though  meagre,  and  in  several  particulars  incomplete, 
will  be  found  to  contain  much  of  the  information  you  seek.  It 
is  cultivated  in  this  vicinity,  but  as  it  is  of  an  inferior  quality, 
and  does  not  flower  until  autumn,  my  description  is  less  complete 
than  if  written  in  a  more  favored  locality,  or  at  a  more  advanced 
season  of  the  year. 

Description  and  History. — Grass-cloth  is  manufactured  from 
the  fibres  of  a  plant,  called  by  the  Chinese  Ma ;  it  is  a  generic 
term,  under  which  several  varieties,  if  not  species,  are  included, 
amongst  these  the  Tung  Ma,  Pi  Ma,  Sing  Ma,  Tien  Ma,  and 
others  are  used  only  as  therapeutic  agents.  Cloth  is  manufactur- 
ed from  the  Ch&  Ma,  Ta  Ma,  Kin  Ma,  Luh  Ma,  ^e.  There 
is  also  a  species  of  grass-cloth  made  from  the  K6h :  all  these 
have  likewise  a  place  in  the  pharmacopoeia  of  China.  In  imita- 
tion of  the  native  botanists  from  whose  works  this  account  has 
been  mainly  derived,  I  shall  principally  limit  my  remarks  to  a  de- 
scription of  the  Ch&  Ma,  which  belongs  to  the  natural  order  of 
Urticece — it  is  a  Cannabis  or  hemp,  but  differing  from  Cannabis 
sativa,  sufficiently  to  warrant  another  designation.  Perhaps  un- 
til it  becomes  better  known,  it  may  be  called  Cannabis  sinensis. 
It  has  an  irregular  cellular  root,  of  a  yellowish  white  color,  which 
sends  up  annually  ten  to  fifteen,  or  more  stems,  to  the  height  of 
from  7  to  10  feet.  The  stems  are  upright,  slightly  fluted,  pilous, 
and  herbaceous :  its  leaves  are  on  long  petioles,  alternate,  ovate, 
roundish,  serrate,  simple ;  the  upper  surface  pilous  and  dark  green, 
the  lower  of  a  silvery-grey.  The  flowers  are  described  a;s  minute, 
numerous,  of  a  light  green  color,  on  a  catkin-like  receptacle  or 
spike.  It  is  found  at  the  base  of  hills  and  on  dry  soils,  from  Co- 
chin China  to  the  Yellow  river,  and  from  Chusau  to  the  farthest 
west  that  researches  can  for  the  present  extend,  and  abounds  chiefly 
in  Kiangsu,  Sy,  Chuen,  Kongnain,  Chikiang,  Fuchkien,  and  Can- 
ton provinces.  Native  writers  do  not  include  the  latter  prov- 
ince as  its  region.  It  is  certainly  remarkable,  that  there  is  no  no- 
tice of  the  Ma  in  the  work  to  which  you  refer,  [Fortune's  Wan- 
derings in  China,]  as  it  is  cultivated  extensively  in  many  places 
visited  by  the  author,  and  grows  even  on  the  walls  of  Ningpo. 
The  plant  is  mentioned  in  the  Chinese  classics,  and  was  undoubt- 
edly cultivated  and  employed  by  them  a  thousand  years  prior  to 
our  era.  It  is  mentioned  in  the  Shii  King  as  an  article  of  tribute 
ffom  the  central  part  of  China  in  the  time  of  Yu,  B.  C.  2205 : 
doubtless  it  came  into  use  in  far  more  remote  antiquity.  The 
Chinese  Herbal  says,  ''its  origin  is  unknown." 

Medical  properties, — The  root  is  described  by  writers  on  ma- 
teria medica  as  innocuous,  sweet  to  the  taste,  of  a  cold  nature, 
and  possessed  of  cathartic  properties.   The  root,  seeds,  and  leaves 
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are  all  officinal.  A  long  list  of  diseases  are  enrnnerated  in  which 
the  plant  is  efficacious,  but  these  throw  no  other  lighten  its  prop- 
erties than  to  suggest  it  is  comparatively  inert.  It  is  partly  b^ 
cause  of  its  not  possessing  the  narcotic  properties  of  the  Canna- 
bis saiiva,  that  a  difference  is  presumed  to  exist  between  them.  In 
this  connection  I  may  remark,  that  grass-cloth  is  superior  to  linen 
for  garments  in  hot  climates,  the  latter  being  a  rapid  conductor  of 
caloric  is  often  unsafe,  the  former  is  not  so  good  a  conductor,  and 
therefore  more  suitable.  This  may  be  owing  either  to  the  fact 
of  the  former  being  hot-pressed  in  a  calender,  (by  which  it  is  ren- 
dered compact  and  smooth,  whilst  the  process  to  which  the  other 
is  subjected  for  the  same  purpose,  but  partially  affects  it,)  or  to 
original  differences  in  the  fibres  of  European  and  Chinese  linen. 

Planting  the  seeds. — This  takes  place  in  May.  Great  care  is 
first  taken  in  the  selection  of  seeds,  and  in  the  preparation  of  the 
soil.  The  seed  should  be  gathered  on  the  appearance  of  frost, 
those  produced  from  a  recent  root  are  the  best.  After  being  dried 
they  are  stowed  away  in  a  basket  or  jar  mixed  with  sand,  or  dry 
earth,  others  say  moist  earth.  The  jar  is  then  covered  with  straw 
to  protect  the  seeds  from  the  cold,  as  if  exposed  to  its  influence 
they  yield  an  imperfect  plant.  Before  planting,  the  seeds  are 
tested  by  immersion  in  water,  those  which  float  are  to  be  reject- 
ed, those  at  the  bottom  planted.  A  loose  dry  soil  is  to  be  select- 
edy  if  near  a  canal  or  rivulet  it  is  preferable.  The  ground  is  to  be 
well  ploughed,  and  broken  finely,  manured,  and  then  divided  in- 
to beds  about  eight  yards  long,  and  one  wide ;  the  beds  are  to  be 
raked,  and  afterwards  made  compact  with  a  hoe.  After  this  it  is 
watered  and  left  for  a  night :  on  the  following  day  raking  up  and 
pressing  down  is  repeated.  The  beds  being  smooth,  two  or  three 
table  spoonsful  of  seed  are  mixed  with  a  bowl  of  earth,  and  sown 
broad-cast  over  half  a  dozen  beds,  then  they  are  swept  with  a 
broom  to  cover  the  seeds.  In  some  places  the  seeds  are  first 
made  to  sprout,  and  then  planted  in  drills,  which  are  carefully 
filled  up.  Just  before  the  blades  appear,  a  framework  is  to  be 
constructed  over  the  beds,  on  which  mats  should  be  spread  to 
protect  them  from  the  heat  of  June  and  July.  The  matting 
must  be  kept  moist  by  day  and  removed  at  night,  that  the  blades 
may  receive  the  dew  of  heaven.  The  beds  are  to  be  constantly 
weeded.  When  the  plant  is  about  two  inches  high,  the  frame- 
work and  matting  may  be  removed.  When  three  inches  high,  it 
should  be  transplanted,  having  been  well  watered  the  night  before ; 
the  blades  should  be  taken  up  separately  with  a  portion  of  earth 
and  planted  in  a  field  far  removed  from  mulberry  trees,  about  four 
inches  apart.  It  may  form  a  border  to  the  ceraliaand  vegetables, 
protecting  them  from  the  depredations  of  domestic  animals,  all  of 
which  avoid  the  Ma,  In  dry  weather,  the  field  is  to  be  watered 
every  three  or  four  days,  until  the  second  decade,  when  it  may 
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be  watered  every  tenth  day.  In  November  and  December  ma- 
nure it  with  horse  or  buffaloe  dung,  earth,  straw  or  any  rubbirii, 
a  foot  or  more  tliick,  to  protect  it  from  cold.  In  March  rake  it 
away  and  expose  the  plant,  watering  it  in  dry  weather,  and  usng 
rubbish  of  any  kind  for  manure.  A  caution  is  given  never  to  use 
swines'  dung,  as  it  is  ^'  saltish"  and  hurtful  to  the  Ma.  In  the 
third  or  fourth  year,  some  say  in  the  second,  the  plant  may  be 
cut  and  used. 

Planting  the  roots, — The  roots  are  to  be  cut  into  pieces  of 
three  or  four  fingers'  length,  and  are  to  be  planted  in  May,  half  a 
yard  apart,  and  watered  every  three  or  four  da3rs.  On  the  ap- 
pearance of  the  blades  use  the  hoe  and  water  them ;  they  will  be 
mature  for  cutting  in  the  second  year.  In  the  course  of  ten  years 
the  roots  become  unfruitful,  the  shoots  may  then  be  cut  off,  and 
if  enveloped  in  earth,  and  covered  with  matting,  can  be  trans- 
planted in  places  30  or  40  inches  distant.  The  ground  should 
be  first  well  prepared  with  manure,  and  freely  manured  after- 
wards :  the  manure  being  half  water.  Here,  as  before,  the  plants 
should  be  hoed  from  time  to  time.  In  many  cases  fre^  earth, 
pulverized  bricks,  ashes,  &>c.,  are  used  for  manure.  Some  yean 
the  husbandman  has  his  crop  injured  by  worms,  he  needs  there- 
fore to  seek  for  and  destroy  them  as  they  appear  by  picking  them 
off.  It  not  unfrequently  happens,  that  the  crop  is  in  some  places 
remarkably  small,  and  sometimes  the  produce  is  very  great  with- 
out assignable  cause. 

Cutting  the  Ma. — It  yields  three  crops  every  year.  The  firrt 
cutting  takes  place  in  June.  Care  is  to  be  taken  not  to  cut  the 
young  shoots,  keep  therefore  an  inch  from  the  ground.  In  a  month 
or  two,  the  shoots  are  seven  or  eight  feet  high,  when  the  second 
cutting  takes  place :  do  not  cut  the  original  stem.  During  the 
latter  part  of  September,  or  in  October,  the  last  cutting  is  per- 
formed, from  which  the  finest  cloth  is  made  :  the  first  being  infe- 
rior, coarse,  and  hard.  After  each  cutting,  the  plant  is  to  be  cov- 
ered with  manure,  and  watered ;  but  not  day  by  day  unless  it  be 
cloudy.  At  Canton  the  plant  is  pulled  up  by  the  roots  every 
year,  from  which  it  is  evident  that  it  differs  widely  from  the  Mi 
just  described.  Perhaps  that  which  is  produced  at  Canton  is 
Cannabis  sativa. 

Peeling  the  Ma. — On  being  cut,  the  leaves  are  carefully  taken 
off  with  a  bamboo  knife,  by  women  and  children,  generally  on 
the  spot.  It  is  then  taken  to  the  house,  and  soaked  in  water  for 
an  hour,  unless  it  is  already  wet  by  recent  showers.  In  cdd 
weather  the  water  should  be  tepid.  After  this  the  plant  is  broken 
in  the  middle,  by  which  the  fibrous  portion  is  loosened,  and  raised 
from  the  stalk ;  into  the  interstice  thus  made,  the  operator,  gene- 
rally a  woman  or  a  child,  thrusts  the  finger  nails,  and  separates 
ttie  fibre  from  the  centre  to  one  extremity^  and  then  to  the  oth^*. 
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The  striping  process  is  very  easy.  It  appears  to  be  diffloolt  to  ra« 
move  the  fibres  from  the  Canton  Mcij  as  it  is  soaked  in  water  for 
more  than  48  hours  before  peeling,  which  is  done  by  men.  They 
first  cut  off  the  roots,  and  then  separating  the  fibre  from  the  stalk, 
strip  it  off  by  drawing  it  over  a  pin,  fixed  in  a  plank.  In  either 
process  half  of  the  fibre  is  taken  off  at  one  stroke.  The  next 
process  is  scraping  the  hemp,  to  facilitate  which  the  fibre  is  first 
soaked  in  water.  The  knife  or  scraper  is  about  two  inches  long ; 
its  back  inserted  in  a  handle  of  twice  the  length.  This  rude  im- 
plement is  held  in  the  left  hand,  its  edge  which  is  dull,  is  raised 
a  line  above  the  index  finger.  Strips  of  hemp  are  then  drawn 
over  the  blade  from  within  outwards,  and  being  pressed  upon  by 
the  thumb,  the  pilous  portions  of  one  surface,  and  the  mucilagi* 
nous  part  of  the  other  are  thus  taken  off.  The  hemp  then  "  rolls 
up  like  boiled  tendon :"  after  being  wiped  dry,  it  is  exposed  to 
the  sun  for  a  day,  and  then  assorted,  the  whitest  being  selected 
for  fine  cloth. 

Bleaching  and  dividing. — A  partial  bleaching  is  effected  on  the 
fibres,  before  they  undergo  further  division,  sometimes  by  boiling, 
and  at  others  by  pounding  on  a  plank  with  a  mallet.  These  op- 
erations are  in  some  {daces  repeated.  After  being  dried  in  the 
sun,  an  important  operation  then  succeeds  by  women  and  children, 
to  whom  is  entrusted  the  tedious  process  of  splitting  the  fibres, 
which  they  do  with  their  finger  nails.  Expert  hands  are  able  to 
carry  this  division  very  far.  When  this  process  has  been  preced- 
ed by  hatcheling,  the  shreds  are  finer  and  softer.  The  threads 
are  formed  into  balls,  and  subjected  to  frequent  soaking  and  wash- 
ings. The  ashes  of  the  mulberry  leaf  are  recommended  to  be 
put  in  the  water  with  the  hemp,  others  use  lime,  for  a  whole  night 
Some  simply  expose  it  to  dew  and  sun.  In  rainy  and  cloudy 
weather,  it  should  be  exposed  to  a  current  of  air  in  the  house : 
moisture  darkens  it.  The  threads  are  now  ready  for  splicing,  the 
work  of  women  and  children,  the  labors  of  the  agriculturist  being 
concluded  when  the  threads  are  rolled  into  balls,  after  being  sized 
or  stiffened  with  rice-water.  Before  the  thread  is  ready  for  the 
weaver,  the  balls  are  steamed  over  the  vapor  of  boiling  water  in 
a  closed  oven.  They  are  then  spread  out  to  dry.  The  subse- 
quent stages,  until  the  cloth  is  removed  from  the  loom,  include 
nothing  which  interests,  or  at  least  instructs,  artizans  in  the  West. 

Varieties  of  the  Ma, — The  Chu  Ma  is  found  wild,  but  in  this 
state  attains  only  three  or  four  feet,  and  is  seldom  used  except  for 
twine.  King  Ma  grows  nearly  as  high  as  the  Ch&  Ma,  the 
fibre  is  separated  only  by  rotting  in  water.  The  stalks  are  dipped 
in  sulphur  and  employed  for  matches.  Its  flowers  are  yellow. 
Very  coarse  cloth  and  sandals  are  made  from  its  fibre.  The 
thread  of  this  Ma  made  in  Kongsi,  is  said  to  be  as  fine  as  silk. 
Ta  Ma  or  Han  (dynasty)  Ma^  and  also  called  fine  hemp,  is  like- 
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wise  employed  for  makiDg  cloth  and  for  ropes ;  its  fibre  is  used 
as  a  support  to  the  pith  employed  as  candle  wicks.  Luh  Ma  pro- 
duces the  hemp  of  which  rice  bags  are  manufactured,  and  also 
ropes.  The  Tung  Ma  and  the  Pi  Ma  are  used  for  making  pig- 
ments, one  serving  for  cakes,  the  other  for  paper.  The  only  oth- 
er Ma  that  need' be  named  in  this  list  is  the  Chi  Ma,  Sesamufn 
indicum.  It  was  brought  from  India  in  the  reign  of  Kingti,  & 
C.  156.  It  is  now  found  in  all  parts  of  the  empire.  Its  seeds  are 
used  in  cakes,  and  like  almost  every  kind  of  Ma,  it  yields  oil. 
Flax, — It  would  seem  from  various  English  and  Chinese  Diction- 
aries, that  flax  is  found  in  China,  but  of  the  existence  of  Linutn 
usitatissimum,  I  cannot  discover  the  slightest  evidence.  It  seems 
to  have  been  confounded  with  the  last  named  plant.  The  above 
are  all  the  facts  respecting  the  Ma  which  I  have  been  able  to 
glean  from  native  authors ;  the  deficiency  can  only  be  supplied  by 
personal  observation.  The  Ch&  Ma  of  this,  place  can  be  inspect- 
ed and  described  when  in  flower.  This  imperfect  account  of  the 
plants  producing  the  fibre  from  which  the  grass-cloth  of  com- 
merce is  manufactured  (evidently  a  misnomer),  would  be  yet 
more  defective  were  the  Koh  plant  to  be  wholly  omitted.  It  is 
described  as  a  creeper,  which  every  year  springs  from  an  im- 
mense root,  and  grows  from  ten  to  thirty  feet  in  length,  clinging 
to  trees  when  within  reach.  The  root  is  purple  on  the  outside, 
and  white  within ;  it  is  made  into  flour  like  arrow-root  I  have 
found  it  an  useful  substitute  for  the  Maranta  arundinacea.  Its 
leaves  have  three  points,  they  are  long,  green  on  the  face,  and 
bright  below.  In  August  it  has  blended  purple  flowers.  The 
fibre  is  strongly  adherent  to  the  stalk,  and  is  only  loosened  by 
boiling  it  in  water.  It  is  then  taken  oS  with  the  finger  nails,  ex- 
posed for  a  long  time  to  running  water,  and  beaten  with  mallets. 
It  undergoes  the  same  processes  as  the  Ma,  but  seems  to  require 
more  beating  and  boiling :  wooden  utensils  make  it  dark.  The 
K6h,  like  the  Ma,  has  been  manufactured  from  high  antiquity, 
and  is  found  throughout  the  same  extensive  region  in  which  the 
latter  abounds.  The  cloth  made  from  it  is  yeUow,  and  as  fine  as 
ordinary  grass-cloth ;  it  cannot  be  bleached  white ;  in  summer  it  is 
much  worn  by  respectable  Chinese.  The  best  brought  to  Ning- 
po,  is  called  Hainan  Koh  cloth,  and  is  perhaps  manufactured  on 
the  island  of  Hainan.  If  by  the  Kunkhura  you  mean  the  Ur- 
tica  tenadssima  of  Roxburgh,  it  is  probable  that  it  is  a  diflferent 
plant  from  either  variety  of  the  Ma.  As  the  hindrance  to  the 
manufacture  of  the  former  is  owing  to  the  difficulty  attending  the 
peeling  of  the  fibre,  would  it  not  be  well  to  treat  it,  as  the  Chi- 
nese do  the  Kdh,  viz.  by  boiling  ?  If  the  Kunkhura  should 
prove  useless,  may  not  the  catalogue  of  Dr.  Wallich,  which  con- 
tains forty-seven  species  of  Uriicece,  include  the  Ma,  the  Kohj  or 
an  available  substitute  ?    The  observations  of  Dr.  Roxburgh,  on 


Digiti 


zed  by  Google 


On  the  fibrous  plantB  yielding  the  Onias^cloth  of  China.    213 

the  various  specimens  of  fibrous  vegetables,  the  produce  of  India, 
may  perhaps  be  consulted  with  advantage  in  connection  with  the 
Chinese  account  of  the  Ma.  Besides  the  enclosed,  I  shall  only 
be  able  to  send  you  some  seeds  of  the  Chu  Ma.  There  can  be 
no  doubt  that  if  the  seeds  of  the  proper  kind  be  procured  from 
China,  the  plant  may  be  introduced  into  India  if  it  be  not  indig- 
enous to  her  soil.  To  secure  success  it  would  perhaps  be  well 
to  procure  them  from  each  of  the  open  ports  of  China.  From 
Canton  is  exported  the  finest  cloth  manufactured  in  the  empire. 
This  superiority  the  Chinese  attribute  to  the  greater  skill  of  the 
Canton  workmen.  Foreigners  have  referred  that  fibre  to  two 
plants.  Cannabis  sativa,  and  Sida  tilafolia  (Dr.  Abel).*  From 
Shanghai  is  exported  the  fine  strong  fibre  you  have  referred  to, 
the  t/rtica  nivea.  It  was  through  the  efforts  of  the  H.  E.  I. 
Company  of  Canton,  that  seeds  were  procured  and  forwarded  to 
England.  By  referring  to  the  47th  page  of  the  72nd  Vol.  of  the 
Philosophical  Transactions,  there  will  be  found  a  paper  on  Chi- 
nese Hemp  by  Mr.  Furgusson,  and  a  notice  of  the  experiments 
tried  with  the  seeds  in  England,  (vid.  Encyc.  Britannica.)  Had 
they  possessed  the  hints  here  extracted  from  Chinese  writers  on 
this  plant,  the  experiments  of  the  gentlemen  named  in  the  above 
paper  would  probably  have  been  more  successful.  Should  the 
Society  wish  to  pursue  the  subject  further,  some  useful  informa- 
tion may  be  obtained  from  a  series  of  sketches,  120  in  number, 
illustrating  the  culture  and  manufacture  of  grass-cloth,  by  Tinqua, 
12  New  China  St.,  Canton,  a  translation  of  the  text  accompany- 
ing the  drawings  may  be  found  in  the  Chinese  Repository  for 
May,  1847.  It  was  the  special  province  of  Monsieiu:  Hedde,  of 
the  late  embassy  from  France  to  China,  to  collect  facts  and 
specimens  illustrative  of  the  agriculture  and  manufactures  of  Chi^ 
na.  The  result  of  his  observations  have,  I  believe,  been  published 
in  Paris,  containing  a  notice  of  one  variety  of  the  Ma.  Osbecki 
a  pupil  and  countryman  of  Linnaeus,  and  Dr.  Abel,  Naturalist  of 
Lord  Amherst's  embassy,  have  noticed  the  Ma.  The  Agricultu- 
ral Society  of  Bengal,  aiming  to  develope  the  industrial  resources 
of  a  great  empire,  and  thereby  to  improve  its  inhabitants,  has  a 
claim  upon  the  services  of  all  who  can  contribute  in  any  manner 
to  its  objects.  Allow  me  to  assure  the  Society,  that  I  shall  take 
great  pleasure  in  responding  to  any  further  calls  you  may  have 
occasion  to  make. 

Ningpo,  Jane  1st,  1848. 

Note  by  Dr.  Falconer. — As  there  are  no  specimens  accompa- 
nying Dr.  Macgowan's  paper  on  the  grass-cloth  of  China,  it  is  im- 

*  It  has  also  been  referred  to  CorcJuynu  capnUaris.    Vide  Bennett's  Wanderings 
in  N.  S.  Wales  and  China. — Hds.  o/Jonr.  of  Agrie.  and  ffori.  Society. 
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possible  to  decide  as  to  the  accuracy  of  his  statement  that  the 
fibre  is  produced  by  a  species  of  Cannabis^  which  he  provisioDally 
calls  Cannabis  sinensis.  This  point  cannot  be  determined  witlv- 
out  an  examination  of  the  flowers;*  and  Dr.  Macgowan  does  not 
appear  to  have  seen  them.  But  the  description  given  by  him  is 
entirely  that  of  the  species  of  Bahmeria  (formerly  Urtica\  call- 
ed B,  nivea  or  ienacissima  by  botanists,  or  of  a  nearly  alli^  spe- 
cies ;  and  I  am  not  aware  of  any  evidence  to  support  the  idea 
that  the  China  grass-cloth  {Chit  Ma)  is  derived  from  a  species  of 
Cannabis.  One  of  the  other  kinds  mentioned  by  Dr.  Bfacicowan, 
King  Ma,  was  forwarded  to  Mr.  Roxburgh,  from  Canton,  by  Mr. 
Kerr,  in  1812. 


Art.  XX. — On  the  Quantity  of  Heat  evoltfedfrom  Atmospheric 
Air  by  Mechanical  Compression;  by  John  GorruBi  M.D. 

(Concluded  from  p.  49.) 

The  arrangement  of  the  following  tables  is  deemed  sufficiently 
clear  to  render  their  object  intelligible ;  the  first  column  represents 
the  date  of  the  experiments,  and  the  second  the  hours  at  which  ob- 
servations were  made  and  the  duration  of  the  experiment.  The 
next  three  columns  represent  a  series  of  observed  temperatures :  the 
first  gives  the  temperature  of  the  atmosphere ;  the  second  shows 
the  temperature  of  tlie  water  used  for  absorbing  the  heat  of  the  con- 
densed air,  before  injection ;  the  third  shows  the  temperature  of  the 
same  water  after  the  process  of  injection  has  enabled  it  to  absorb 
all  the  heat  it  can  take  up  from  the  condensed  air ;  it  also  repre- 
sents the  sensible  temperature  of  the  air  after  admixture  with  the 
water  of  injection.  Following  these,  are  two  columns ;  the  first 
showing  the  apparent  tension  of  the  air  in  the  reservoir,  in  at- 
mospheres, as  indicated  by  the  gauge ;  the  second  the  number 
of  revolutions  of  the  engine  per  minute.  The  three  next  col- 
umns represent  certain  quantities  of  air :  the  firat  gives  the  quan- 
tity in  cubic  inches  condensed  at  each  stroke  of  the  pump ;  the 
second  the  quantity  in  cubic  feet  condensed  per  minute;  the 
third,  the  quantity  in  pounds  avoirdupois,  condensed  per  minute. 
In  calculating  this  last  column  I  have  taken  625  grains  as  the 
weight  of  a  cubic  foot  of  air,  at  a  temperature  of  6(P  F.  and 
mean  barometric  pressure  ;  and  applied  Dalton  and  Qbj  Lussac's 
law,  that  it  dilates  and  contracts  ^j,  of  its  volume  for  every  in- 
crease and  diminution  of  its  temperature  of  l^  F.  from  the  fixed 
point  of  32°  F.    Of  the  two  remaining  columns  the  firet  shows  the 

*  A  second  reference  has  been  made  to  Dr.  Macgowan  on  this  point,  and  spoei- 
mens  will  no  doubt  be  shortly  received. — Edi.  of  Jour,  of  Agrie,  and  Hor.  Soetety. 

Dr.  Macgowan  writes  that  he  has  forwarded  seeds  to  the  Patent  Office,  Washing- 
ton, and  to  the  American  Institute. 
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quantity  of  water  in  pounds,  injected  into  the  condensing  pumps, 
at  each  stroke  of  the  piston ;  and  the  last  the  quantity  of  the  same 
water  injected  per  minute. 
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Remarks. — In  this  experiment  only  the  larger  condensing  pump  was  used. 

The  pnmp  being  near  the  steam  engine  furoaoe,  the  air  ent^ing  it  was  considered 
4**  above  the  open  air,  (or  at  60  F.) 

The  difference  at  2  p.  ic,  of  11°  between  the  water  before  and  after  injection,  was 
■apposed  to  be  owing  to  the  imperfect  working  of  the  jet  piunp. 

In  the  course  of  the  experiment  there  were  several  stops  of  about  16  minutes  eadii 

From  the  data  presented  by  the  table,  it  would  seem  to  be  an 
easy  matter  to  form  a  quantitative  determination  of  the  heat 
evolved  by  the  condensation  of  atmospheric  air.  The  difference 
of  temperature  in  the  water  of  injection,  before  and  after  injec* 
tion,  the  quantity  of  air  condensed,  and  the  quantity  of  water 
heated  per  minute,  are  all  the  elements  necessary  for  the  calcula- 
tion at  any  given  tension.  By  reference  to  columns  4  and  5,  this 
difference  of  temperature,  in  the  preceding  experiment,  is  found 
to  be  8^  F.,  the  quantity  of  air  condensed  per  minute,  is,  accord- 
to  column  10,  4*210  pounds,  and  column  12  shows  that  an  aver- 
age of  60  pounds  of  injection  water  is  heated  per  minute.  A 
simple  multiplication  of  the  first  and  last  numbers,  would,  if  they 
were  correct,  show  the  actual  quantity  of  heat  evolved  per  min- 
ute, by  the  beforementioned  quantity  of  air  subjected  to  a  conden- 
sation of  six  atmos{^res:  Thus,  8^x60=480^,  is  the  number 
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of  degrees  one  pound  of  water  is  heated  in  a  minute.  If  we  di- 
vide this  amount  by  140^  F.,  for  the  latent  heat  of  water,  and 
the  standard  measure  of  heat  I  have  adopted,  it  will  give  (480-;- 
140  = )  3-429,  for  the  number  of  pounds  of  ice  that  the  heat  would 
melt  per  minute.  This  product  being  again  multiplied  hy  36(K, 
for  the  duration  of  the  experiment  in  minutes,  gives  (3*429  x 
360  =  )  1234,  or,  multiplied  by  1440,  for  the  number  of  minutes 
in  a  day,  gives  (3429  x  1440  =  )  4938,  for  the  number  of  pounds 
of  ice  which  the  heat  evolved  in  the  preceding  experiment,  would 
melt  in  a  day. 

But  there  are  several  circumstances  which  interfere  with  this 
simple  calculation,  and  which  require  to  be  considered,  and  their 
distinct  effects  computed  before  we  can  arrive  at  a  just  conclusion 
as  to  the  value  of  the  experiment. 

1.  From  the  construction  of  the  perforated  plates,  or  "  roses," 
through  which  the  water  of  injection  was  delivered  to  the  air  in 
the  act  of  condensation,  as  well  as  from  the  arrangement  of  the 
pipes  which  transmitted  the  mixture  of  air  and  water  to  the  res- 
ervoir, I  can  have  no  doubt  that  the  latter  performed  its  duty  of 
absorbing  as  much  of  the  heat  set' free  by  the  condensation,  as 
possible ;  but  still  it  could  only  be  a  mixture,  and  the  air  had,  at 
least,  the  same  temperature  as  the  water.  The  air  was  thus  pos- 
sessed of  8*^  F.  more  of  sensible  temperature  than  when  it  entered 
the  pump.  This  additional  heat  forms  an  uncompensated  equa- 
tion of  temperature  of  appreciable  magnitude  requiring  an  indis- 
pensable allowance  for  its  effects.  That  these  were  very  consid- 
erable was  rendered  evident  in  the  subsequent  expansion  of  the 
air ;  for,  while  besides  a  diminution  of  the  calculated  cooling  ef- 
fects, various  parts  of  the  engine,  in  which  the  expansion  took 
place,  equally  exposed  to  the  atmosphere  and  less  favorably  influ- 
enced for  the  convection  of  coldy  were  covered  with  ice,  produced 
from  the  condensation  of  atmospheric  vapor,  the  air-pipe,  com- 
municating between  the  reservoir  and  the  engine,  was  free  from 
frost  or  moisture  during  the  continuation  of  the  experiment, 
though,  upon  its  ceasing,  it  became  speedily  covered  with  frost 
In  forming  an  estimate  of  the  proportion  which  the  operation  of 
this  free  heat  bears  to  the  whole  of  the  heat  evolved,  it  seems  to 
be  necessary  to  take  into  consideration  the  different  specific  heats 
of  air  under  the  ordinary  atmospheric  pressure  and  the  various 
states  of  condensation  at  which  experiments  may  be  made. 

This  is  a  difficult  subject  of  investigation,  and  one  on  which 
my  labors  have  not  led  me  to  satisfactory  results,  or  to  an  arrange- 
ment of  them  sufficiently  clear  and  accurate  to  justify  my  pre- 
senting them  to  the  public.  But  as  it  is  not  my  present  object  to 
solve  all  the  delicate  questions  which  this  subject  presents,  but 
simply  to  attain  such  approximations  to  facts,  as  may  enable  pra<>- 
tical  men  to  render  them  subservient  to  their  purposes,  I  shall  not 
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enter  into  the  minute  examination  of  this  subject.  A  few  exper- 
iments are  recorded  in  scientific  works  which  show  that  the  spe- 
cific heat  of  air,  at  difierent  densities,  diminishes  at  a  much  slower 
rate  than  its  specific  gravity :  thus,  according  to  the  observations 
of  Clement  and  Desormes,  the  specific  heat  for  air  for  equal  vol- 
umes, at  temperatures  from  32^  to  140^,  and  barometric  pressure 
from  3-74  to  39*6,  increased  in  a  ratio  as  follows,  viz. 

Specific  heat 

1-215 

.       1000 

•693 

•540 

•368 

From  this  table  it  is  apparent  that  the  specific  heat  of  atmos- 
pheric air,  considered  in  the  ratio  of  its  weight  or  mass,  diminishes 
as  the  density  increases ;  and  it  may  be  calculated,  that  when  air 
in  the  same  volume  is  condensed  to  double  its  density,  its  specific 
heat  is  increased  from  1*000  to  1467;  when  its  density  is  quad- 
rupled it  becomes  1*883;  and  when  its  density  is  eight  times  in- 
creased its  specific  heat  is  2*717.  The  densities  increasing  in  the 
geometrical  progression  1,  2,  4,  8,  correspond  nearly  to  the  spe- 
cific heats  in  the  arithmetical  series,  6,  4,  3,  2. 

If  the  view  I  have  taken  of  this  law  be  correct,  and  it  be  appli- 
cable to  an  explanation  of  the  heating  operation  of  air  in  the  con- 
dition referred  to,  we  are  prepared  to  examine  the  extent  of  its 
influence.  Before,  however,  this  can  be  determined,  we  must 
form  an  estimate  of  the  whole  amount  of  heat  evolved  by  and  at 
the  specific  heat  of  air,  under  a  given  degree  of  condensation, 
in  order  to  assign  the  proportion  that  belongs  to  that  in  the  res- 
ervoir. By  referring  to  the  10th  column  of  the  preceding  table, 
we  find  that  an  average  of  4-210  pounds  of  air  condensed  with 
a  force  of  six  atmospheres,  heats  60  pounds  of  water  8^  P., 
or,  that  one  pound  of  air  heats  14'260  pounds  of  water  8°  F., 
or,  that  one  pound  of  air  heats  one  pound  of  water  114^  F. 
As  the  specific  heat  of  air  at  ordinary  temperature  and  pressure 
is  2669,  one  pound  of  it,  in  evolving  heat  enough  to  warm  an 
equal  quantity  of  water,  114^  F.,  must  set  free  what  would  heat 
itself,  427°  F.,  besides  the  8°  F.,  which,  in  the  experiment,  it 
retained  above  the  atmospheric  temperature.  Under  a  conden- 
sation of  six  atmospheres  the  specific  heat  of  air,  we  have  seen, 
is  about  2'500;  and  this  amount  must  be  multiplied  by  8°  F., 
for  the  extra  temperature  of  the  air  in  the  reservoir,  making 
20°  F.  to  enable  it  to  represent  its  proportional  heating  effect. 
Now,  the  proportion  of  20°  F.  (the  equivalent  to  the  free  heat 
in  the  reservoir)  to  427,  (the  remainder  of  the  heat  evolved  by 
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condensation)  is,  nearly,  as  t  to  21 ;  and,  therefore,  the  relation 
of  the  heat  retained  by  the  air,  after  admixture  with  the  water  of 
injection,  is  equal  to  about  one  twenty-first  part  of  the  8*^  P., 
which  the  water  of  injection  absorbs,  or  is  about  the  j\%  of  a 
degree  of  Fahrenheit  at  the  specific  heat  of  water. 

2.  Another  correction  of  the  table  is  necessary  on  account  of 
the  heat  of  condensation,  which  the  water  of  injection  is  unable 
to  absorb,  imparting  an  increased  elasticity  to  the  air  in  the  reser- 
voir. This  air  being  confined  within  fixed  bounds,  the  effect  of 
the  heat  is  to  increase  its  pressure  on  the  surface  by  which  it  is 
confined,  instead  of  the  natural  one  of  enlarging  its  dimensions. 
The  consequence  is  that  the  gauge  of  the  reservoir  marks  a 
higher  tension  than  it  would  have  if  all  the  free  heat  of  the  air 
were  absorbed.  The  actual  changes  of  elasticity  which  are  pro- 
duced by  mechanical  condensation,  without  allowing  the  com- 
pressed air  to  lose  any  heat  after  compression,  and  for  all  propor- 
tions in  which  that  heat  is  retained,  have  been  mathematically  in- 
vestigated. They  are  expressed,  however,  by  theorems  too  ab- 
struse, in  comparison  with  the  importance  of  the  object  to  be  at 
present  attained,  to  find  a  place  in  this  communication.  Posses* 
sing  a  more  important  bearing  upon  the  quantity  of  cooling  effect 
produced  by  the  expansion  of  condensed  air,  and  still  more  in  a 
relation  with  the  quantity  of  mechanical  power  consumed  in  the 
condensation  of  air,  they  will  be  examined  more  minutely  when 
I  come  to  consider  these  portions  of  my  subject.  At  present  I 
deem  it  sufficient  to  say  that,  from  the  partial  calculation  I  have 
made,  I  feel  authorized  to  consider  that  8°  F.  of  unabsorbed  heat 
add  to  the  elasticity  of  air,  under  a  tension  of  six  atmospheres, 
about  one-third  of  an  atmosphere  of  pressure. 

3.  Radiation  is  a  cause  of  diminution  of  the  apparent  heating 
effect  from  the  condensation  of  air,  requiring  a  correction  for 
perfect  accuracy.  The  loss  of  heat  from  this  cause  is  depend- 
ent somewhat  upon  the  nature  of  the  material  and  extent  of 
surface,  but  more  upon  the  difference  between  the  temperature 
of  the  hot  body,  and  that  of  the  surrounding  medium.  As  this 
difference,  in  the  case  before  us,  is  but  8^  F.,  the  rate  at  which 
heat  is  lost  must  be  very  smstll,  and  scarcely  appreciable  by 
instruments. 

4.  A  correction  of  an  opposite  character  must  be  made  for  the 
heat  generated  by  the  friction  of  the  piston  and  piston  rod  of  the 
pump.  Attempts  were  made,  in  the  course  of  this  and  other  ex- 
periments, to  ascertain  the  precise  quantity  of  heat  generated  by 
this  means,  but  they  were  not  successful.  Upon  propping  open 
the  induction  valves  of  the  pump,  so  as  to  allow  free  ingress  and 
egress  to  the  air,  while  the  piston  worked  and  the  water  of  injec- 
tion flowed  as  usual,  I  could  not  perceive  by  the  thermometer, 
any  change  in  the  temperature  of  the  water.     Yet  all  experience 
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proves  that  heat  is  generated  by  friction  ,*  and  Rumford  has  shown 
that  the  quantity  is  very  considerable.  According  to  an  experi- 
ment directed  towards  attaining  the  maximum  heating  effect  from 
this  cause,  he  found  that  a  mechanical  force  of  one  horse  power 
evolved  heat  enough  to  raise  the  temperature  of  26J  pounds  of 
water  90^  P.  in  2i  hours ;  which,  it  may  be  easily  calculated,  is 
sufficient  to  melt  6|  pounds  of  ice  per  hour.  I  consider  that  upon 
the  principle  on  which  the  friction  of  the  steam  engine  and  simi- 
lar machines  is  usually  calculated,  the  condensing  pump,  used  in 
this  experiment,  consumed  nearly  one-half  of  a  horse  power.  If 
this  assumption  be  correct,  and  Rumford's  experiment  be  consid- 
ered a  standard  formula  for  such  calculations,  the  heat  generated 
by  the  piston  and  piston  rod  must  have  been  equivalent  to  the 
fusion  of  about  eighty  pounds  of  ice  per  day ;  or  was  equal  to  an 
increase  of  temperature  of  (80-4-6000 =8^-7-626)  -125  of  a  degree. 
Applied  to  the  data  of  the  preceding  table,  these  corrections 
will  make  the  whole  amount  of  heat  evolved  by  air,  compressed 
with  a  force  of  six  atmospheres,  as  follows : 


Heat  as  shown  by  the  water  of  injection,  .        .        .8° 
"    added,  for  correction  1, '376 

((  C<  «  «  Q    ^ 

j<        <<       it    .     u        Of  estimated  at       .        .       -126 

80-600 
"    deducted,  for  correction  4,         .        .        .        .       '126 

80-376 

Now,  as  60  pounds  of  water  were  heated  8^.376  per  nainute, 
heat  enough  must  have  been  disengaged,  by  the  machine,  to 
melt  (60x8o-376-!-240=:)3-675  pounds  of  ice  per  minute  or 
(3-676  X 144= )  6660  pounds  per  day. 

Having  explained  in  a  general  way  the  principles  concerned  in 
correcting  the  data,  furnished  by  experiment  on  our  mode  of  de- 
termining the  heat  evolved  by  the  condensation  of  air,  we  are 
prepared  both  to  exhibit  and  correct  any  number  of  experiments. 
The  principle^  are  seen  to  be  general  conclusions,  affording  ap- 
proximations only  to  the  position  in  which  truth  lies,  and  requir- 
ing modifications  before  they  can  be  considered  representations  of 
actual  facts.  They  are  therefore  of  value,  chiefly,  as  guides  in 
future  experiments,  by  which  they  may  be  confirmed,  or,  if  erro- 
neous, rendered  accurate.  Such  as  they  are,  I  have  applied  them 
to  the  correction  of  the  following  tables. 
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TABLE   II. 


Experiments  made  in  . 

A>w  Orleans. 

Tempemliirea  of  the 

u 

"S 

Quaniitlea  of  the 

a 

•V  « 

•o  e 

rs  c 

■w  c 

^•o  e 

Date. 
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a 

^•2 

k 

o  ^ 

ill 

lis 

< 

U  if 

1- 

f 

h 

< 

2 

5- 

sac 

5a« 

8  2*^ 

m 

1849. 

A.M. 

June  23 

10 

82 

79 

84 

2 

22 

3144) 
206; 

85-800 

6093 

2 

88 

P.M. 

"    29 

1. 

82 

79 

82 

M 

18 

69-791 

4-985 

2 

72 

((     tt 

1.80 

" 

79 

84 

M 

M 

a 

u 

u 

« 

« 

M          U 

2. 

A.1C. 

88 

79 

84 

« 

a 

u 

u 

(( 

« 

a 

July  26 

7.30 

79 

76 

80 

U 

17 

M 

65-914 

4-708 

2 

68 

U            t( 

8. 

82 

79 

84 

<t 

u 

M 

** 

« 

u 

u 

M           U 

9. 

" 

79 

84 

« 

M 

*' 

u 

M 

u 

« 

«     26 

8. 

84 

77 

82 

u 

« 

a 

u 

a 

M 

« 

Average 

and  d 

lifferen 

ce,  6° 

- 

2 

18 

8350 

69-791 

4-985 

2 

72 

Remarks. — In  these  experiments  both  pump>8  were  used  The  observation  on  the 
experiment  of  June  23,  was  made  while  the  reservoir  was  being  rapidly  chaiiged  to 
8  atmospheres.  In  the  other  experiments  the  tension  in  the  reservoir  was  steadflj 
maintained  at  2  atmospheres. 

This  table  is  drawn  up  from  experiments  made  on  four  different 
days,  and  under  some  variations  of  circumstances,  in  regard  to 
the  temperatures  of  the  atmosphere  and  water  of  injection,  as 
well  as  the  manner  in  which  they  were  performed.  The  result- 
ing difference  between  the  temperatures  of  the  water  before  and 
after  injection,  after  the  pump  and  its  appendages  were  raised  to 
a  temperature  common  with  the  latter,  was  so  nearly  uniform,  for 
ail  the  experiments,  that  it  may  be  considered  identical.  It 
shows,  according  to  the  thermometers  used,  that  two  pounds 
of  water  were  heated  6^  F.  at  every  stroke  of  the  pump ;  or, 
that  3350  cubic  inches  of  air,  compressed  till  its  density  was 
doubled,  heated  two  pounds  of  water  5°  F.  This  is  a  little  above 
the  average,  and  it  may  be  more  correct  to  consider  the  amount 
of  heat  49-75. 
To  this  must  be  added  for  correction,  1,  on  account  of  heat 

retained  by  condensed  air, 2*50 

"  "  "  "         2,  "        "  of  over-  ^ 

estimate  of  pressure  of  air,  >     -176 

"  "  "  "         3,"    of  radiation,  3 


From  this  must  be  deducted  for  correction  4,  on  account 
of  heat  from  friction, 


6175 


42 


5133 


The  causes  interfering  with  the  accuracy  of  operations  of  the 
present  character  are  so  delicate  and  intricate  in  their  nature  that 
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it  cannot  be  expected  a  few  experiments  should  be  deemed  suffi- 
cient to  settle  them  with  mathematical  precision ;  yet,  we  cannot 
err  on  the  side  of  too  great  a  quantity  in  assuming  that  fully  5J^ 
is  the  action  of  the  aforementioned  quantity  of  air,  condensed  to 
double  its  density,  from  its  atmospheric  condition,  upon  the  speci- 
fied quantity  of  water. 

TABLE    III. 

Experiments  made  in  New  Orleans. 


feiuperutures 

of  tiie 

II 

•s 

Quantities  of                         i 

1 
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A.  ic. 

3144 

June  23 
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p.  u. 
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79 
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4 

18 
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69-791 
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2 
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«     26 
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«     27 
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U 
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M 
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U             M 
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86 
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M 

64 

M           U 

10.80 

84 

78 
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15 

u 
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M 

60 
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86 

78 

86 

« 

16 

u 
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(1 

64 

Average  and 

differei 

ace, 

70 

4 

16 

8850 

62037 

4-481 

2 

64 

Remarks, — The  tension  in  the  reservoir,  as  marked  by  the  gauge*  was  seldom  at 
exactly  4  atmospheres ;  it  was  sometimes  a  little  above  and  sometimes  a  little  be- 
low the  mark. 

Tlie  difference  of  temperature  between  the  water  before  and  after  injection  I  oon* 
sider  as  full  7°  F. 

From  this  table  it  may  be  deduced  that  the  condensation  of 
3350  cubic  inches  of  air,  at  the  ordinary  pressure,  and  a  mean 
temperature  of  84°,  to  one-fourth  of  its  vohime,  disengages  heat 
enough  to  raise  the  temperature  of  two  pounds  of  water  7°  F. 
Applying  the  principles  of  correction  heretofore  established,  we 
must  add  for  correction  on  account  of  heat  retained  by  the  con- 
densed air,  '333 

Add  for  correction  number  2  ^  ^^.^^^^  ^^^ 


Deduct  for 


4    heat  from  friction, 


733a 

♦110 

7  -443 
83 

70-360 
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TABLE    IV. 

ErperimentB  made  in  New  Orleans. 


Date. 
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Remarks, — On  Juli^  26,  at  1^.80'  it  will  be  obserred  the  difference  of  tempera- 
ture of  the  water  of  injection,  before  and  after  injection,  was  11^  F.  This  imosuml 
quantity  of  heat,  as  in  the  first  experiment,  was  supposed  to  be  owing  to  imperfect 
working  of  the  jet  pump,  thereby  causmg  a  less  than  the  regular  qnantity  of  water 
to  be  injected. 

As  in  the  former  tables,  the  data  for  table  lY.  are  taken  from 
experiments  made  on  different  days.  It  appears  from  a  compari- 
son of  the  fourth  and  fifth  columns,  that  the  difference  in  tem- 
perature of  the  water,  before  and  after  injection,  several  times 
indicates  9^  F.,  but  as  it  was  oftener  simply  a  full  8°  P.,  I 
have  not  thought  advisable  to  take  8^-6  for  the  mean  of  observa- 
tion, though  I  feel  assured  there  can  be  no  exaggeration  in  con- 
sidering it        80-250 

Add  for  correction  number  1 -400 

it      (I  ((  '*       2 ) 

u       it  u  «         g  r       •  •  •  •  'loo 


Deduct  for   " 


8-786 
•125 


8  -660 

In  the  deductions  I  have  made  from  the  preceding  tables,  I 
have  supposed  that  the  allowances  for  the  real  over  the  apparent 
pressure  of  the  air  in  the  reservoir,  and  for  radiation,  are  about 
equal  to  the  opposing  effect  from  friction.  According  to  the  mode 
of  proceeding  we  shall  have  8°-660  as  the  quantity  of  heat  evolved 
from  3350  cubic  inches  of  air  as  subjected  to  a  compressing 
power  of  eight  atmospheres  at  a  temperature  of  about  84°  F. 
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I  ha^e  deemed  it  necessary,  for  a  full  elucidation  of  the  subject 
before  us,  to  append  a  table  of  deductions,  drawn  up  from  some  of 
the  data  furnished  by  the  preceding  tables.  In  explanation  of 
this  table  it  may  be  stated  that  the  first  column  is  intended  to 
represent  the  mean  temperature  of  the  atmosphere  during  the 
time  of  the  experiment.  Column  2  gives  the  mean  difference 
between  the  water  of  injection  before  and  after  injection ;  and 
the  3d  is  designed  to  show  the  difference,  in  the  same  water, 
under  the  various  corrections  which  must  be  made  upon  the  sim- 
ple thermometrical  observations.  The  4th  column  represents 
the  tension  of  the  air  in  the  reservoir,  according  to  observation ; 
and  the  5th  the  same  tension  as  corrected  for  excess  of  temper- 
ature. 

To  enable  us  to  compute  the  effects  without  great  and  undue 
labor,  it  is  necessary  to  reduce  both  the  air  and  the  water,  used 
in  the  experiments,  to  some  common  measure  or  weight.  The 
pound  weight  as  the  most  convenient  standard,  has  been  adopted. 
By  reducing  columns  ten  and  twelve,  of  the  preceding  tables,  to 
the  common  rate,  we  have  obtained  column  6  of  the  following 
table. 

The  7th  column  shows  the  quantity  of  heat  set  free  by  the 
condensation  of  one  pound  of  air  at  the  specific  heat  of  air.  The 
figures  in  the  column  are  ascertained  by  assuming  that  the  specific 
heat  of  air — assigned  by  Delaroche  and  Berard,  viz.,  •2669 
water  being  1*0000 — ^is  correct,  and  then  multiplying  the  quantity 
by  the  number  of  degrees,  F.,  one  pound  of  air  heats  one  pound 
of  water,  under  a  given  degree  of  compression,  as  shown  in  col- 
umn six.  It  is  in  tmth  a  mere  representation  of  the  intensity  of 
heat  evolved  by  the  simple  condensation  of  air. 

Columns  8  and  9  show  the  quantity  of  heat — expressed  in 
the  number  of  pounds  of  ice  it  would  melt — which  the  engine  is 
capable  of  producing  in  twenty-four  hours,  at  fifteen  and  twenty 
revolutions  per  minute ;  and  are  introduced  as  suggestive  of  pecu- 
niary considerations. 

The  lOth  and  11th  columns  show  the  difference  in  the  degrees 
of  heat,  at  the  specific  heats  of  water  and  air,  which  the  air  in 
certain  states  of  condensation  disengages. 

As  my  object,  in  conducting  the  foregoing  experiments,  has 
been  to  furnish  practical  rather  than  scientific  data,  I  have  not 
thought  it  appropriate  to  introduce  the  calculations  of  the  follow- 
ing table  in  full,  nor  have  I  attempted  their  perfect  accuracy. 
The  results  set  down  for  the  tension  of  3,  5  and  7  atmospheres 
must  be  considered  as  rather  the  deductions  of  careful  conjecture 
than  the  precise  answers  to  either  observation  or  calculation.  It 
is  no  doubt  practicable  to  make  observations  which  shall  express 
a  very  close  approximation  to  the  actual  temperature  evolved  from 
air,  for  all  tensions ;  but  it  would  require  thermometers  of  much 


Digiti 


zed  by  Google 


224 


Dr,  John  Gorrie  on  the 


greater  delicacy  and  accuracy  than  I  could  obtain,  and  some  mod- 
ifications of  the  mode  of  experimenting  pursued.  It  is,  there- 
fore, desirable  on  both  scientific  and  practical  grounds,  that  a 
more  extended  series  of  experiments  on  air,  similar  to  those 
above  detailed,  should  be  made,  with  such  improved  and  superior 
apparatus,  as  experience  has  demonstrated  is  necessary,  and  with 
the  care  and  skill  which  none  but  those  practised  in  such  matters 
are  competent  to  exercise.  In  the  mean  time,  the  following  table 
may  be  regarded  as  sufficiently  near  to  truth  to  present  a  plain 
view  of  the  objects  for  which  it  was  drawn  up ;  and  any  one 
who  is  so  disposed  may  test  its  general  correctness  by  particular 
examples. 


TABLE 

V. 

DeduetioM  from  Tablet  1,  2,  8,  4. 
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Before  adverting  to  the  particulsur  object  for  which  the  fore- 
going table  was  drawn  up,  I  may  mention  that  the  question  of 
the  quantity  of  heat  evolved  by  air,  under  a  tension  of  eight  at- 
mospheres, was  subjected  to  another  and  very  simple  test,  which 
confirmed  the  accuracy  of  the  deductions  comprised  in  the  last 
line.  During  an  experiment  of  an  hour's  duration,  the  water  of 
injection,  instead  of  being  supplied  as  usual  by  the  city  hydrant, 
was  taken  from  and  returned  to  a  butt  of  about  130  gallons  ca- 
pacity, containing  about  1100  pounds  of  water.  At  the  com- 
mencement of  the  experiment,  the  temperature  of  the  water  was 
77°  P.  (the  atmosphere  being  79°  P.),  at  the  end  it  was  112^ P., 
the  engine  working  twenty  revolutions  a  minute.  The  quan- 
tity of  ice,  which  the  heat  thus  disengaged  would  melt,  is  equal 
to  ( 1 100  X  35-1-140  ~ )  275  pounds,  or  for  twenty-four  hours  6600 
pounds.  There  was  but  a  very  slight  diminution  in  the  rate  at 
which  the  temperature  of  the  water  increased. 
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Id  corroboration  of  the  general  accuracy  of  the  experiments 
it  may  be  further  mentioned,  that  the  converse  of  the  result  here 
sought,  viz.,  the  quantity  of  heat  which  the  condensed  air  in  its 
expansion  is  capable  of  absorbing,  or,  in  other  words,  the  quantity 
of  ice  it  is  capable  of  producing,  was,  after  making  due  allow- 
ances, sufficiently  nearly  equal  to  the  quantities  as  set  down  in 
columns  eight  and  nine,  to  prove  that  there  has  been  no  material 
error  of  observation  or  calculation. 

The  chief  object  of  Table  V.  is  to  present  in  a  form  obvious  at 
a  glance,  the  changes  of  temperature  which  correspond  to  propor- 
tional changes  in  the  density  of  air.  Philosophers  have  so  often 
fotmd  the  phenomena  of  nature  conforming,  in  all  their  circum- 
stances, to  uniform  laws,  that  they  seem  to  have  supposed  the 
evolution  of  heat,  from  the  mechanical  condensation  of  air,  must 
follow  some  course  of  regular  progression.  The  convenience  to 
experimenters  which  has  resulted  from  the  establishment  of  that 
law  by  which  aerial  bodies  adjust  their  volume  and  pressure  ex- 
actly to  each  other,  has  induced  them  to  hope  that  one  equally 
simple  would  be  discovered  for  measuring  the  proportion  of  heat 
set  free  from  air  by  condensation.  And,  under  the  impression 
that  such  a  law  must  exist,  equal  proportions  of  heat  have  been 
considered  to  be  set  free,  under  regular  diminutions  of  volume, 
or  increase  in  density  of  air.  Thus,  Dalton,  finding,  on  experi- 
menting with  a  small  quantity  of  air,  that  when  it  was  doubled 
in  density  it  evolved  60^  F.  assumed  this  as  the  measure  for  every 
subsequent  doubling  of  its  density.  Leslie,  observing  a  similar 
result,  from  restoring  dilated  air  to  its  natural  density,  assigned  a 
similar  quantity  of  heat  to  a  similar  reduction  of  volume ;  but  as 
a  law  founded  on  such  a  result  was  incompatible  with  the  phe- 
nomena presented  by  a  greater  increase  of  density,  he  deduced 
the  following  rule  for  determining  the  change  of  temperature 
produced  by  any  degree  of  rarefaction  or  condensation  of  air, 
viz. :  <'  Multiply  25  by  the  difference  between  the  density  of  air 
and  its  reciprocal,  the  product  will  be  the  difference  of  tempera- 
ture on  the  Centigrade  scale."  Thus,  if  the  density  be  doubled 
or  the  rarefaction  reduced  to  one  half,  25  x(2-i)  =  37i°  Centi- 
grade (=67i  F.)  indicates  the  change  of  temperature  by  doub- 
ling the  density  or  rarity  of  air.  By  this  formula  the  quantity  of 
heat  evolved  by  the  higher  degrees  of  condensation  is  enormously 
increased  ,*  for  if  the  air  were  condensed  30  times  we  should  have 
25x(30-^V)  =  749o  Centigrade  (14120F.)  for  the  elevation  of 
temperature.  It  may  be  remarked  of  this  reasoning  that  it  rep- 
resents an  hypothesis  more  nearly  the  reverse  than  in  conformity 
with  any  natural  law,  of  an  increase  or  reduction  of  temperature, 
deducible  from  experiment.  Mr.  Ivory,  acting  upon  a  similar 
view  of  natural  progression,  expresses  a  rule  for  the  changes  of 
temperature,  corresponding  to  given  changes  of  density,  by  as- 
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signing  1^  F.  as  the  quantity  of  heat  evolved  from  air,  under  a 
redaction  of  tIt  ^^  &  volume,  no  matter  of  what  density.  The 
preceding  tables  of  experiments,  however  inexact  they  may  be, 
are  sufficiently  extended  and  precise  to  prove  that  all  the  above 
formulae  are  erroneous. 

But  so  probable,  at  the  outset  of  my  experiments,  did  it  appear 
that  the  relation  between  the  condensation  of  air  and  the  disen- 
gagement of  heat,  followed  some  law  of  arithmetical  or  geomet- 
rical proportion,  and  so  firmly  was  the  probability  impressed  on 
my  mind,  that  observations  of  a  different  tendency  produced  only 
doubts  of  their  accuracy.  The  quantity  of  heat  obtained  by  re- 
ducing air  from  its  atmospheric  state  to  half  its  volume,  I  as- 
sumed as  the  basis  of  a  calculation  for  every  subsequent  similar 
reduction,  until  frequent  repetition  of  the  experiment  taught  me 
the  error  and  the  necessity  of  a  different  conclusion. 

An  inspection  of  columns  G,  7,  10,  11,  of  Table  V,  will 
prove  that  all  previous  estimates  of  the  heat  set  free  by  a 
change  in  the  density  of  air,  as  well  as  all  supposed  natural  laws 
of  regular  progression,  adopted  in  connection  with  them,  must 
be  inaccurate.  This  apparent  deviation  from  the  general  practice 
of  nature  admits  of  an  explanation.  Variations  of  pressure,  and 
variations  of  heat  evolved  in  consequence,  follow  each  other  as 
cause  and  effect ;  yet,  there  is  an  interference,  particularly  in  re- 
spect to  aerial  bodies,  arising  from  their  property  of  elasticity, 
which  prevents  these  variations  from  being  equal  in  different 
cases.  The  cause  of  volume  and  the  cause  of  elasticity  are  the 
same,  and  this  is  undoubtedly  caloric ;  and  the  difference  between 
them  is  dependent  upon  a  modified  affinity  for  this  principle,  which 
appears  to  increase,  in  proportion  as  the  pressure  the  elastic  body 
is  subjected  to  is  greater.  In  consequence  of  this  growing  affin- 
ity, the  tension  of  air  must  increase  in  a  much  greater  ratio  than 
the  quantity  of  heat  set  free  during  the  reduction  of  volume. 

In  the  experiments,  as  recorded,  all  preconceived  notions  of 
a  uniform  law  of  progression  of  any  kind  were  set  aside,  and 
nothing  were  regarded  but  the  quantity  and  tension  of  the  mate- 
rials employed,  and  the  indications  of  the  thermometer.  The 
experiments,  indeed,  show  that  if  there  is  any  precise  law  of  pro- 
gression, or  fixed  relation  between  an  increase  of  tension  and  the 
amount  of  latent  heat  set  free  in  air  by  it,  it  must  be  in  an  in- 
verse and  rapidly  diminishing  ratio.  Thus,  the  quantity  of  beat 
generated  by  compressing  air  to  half  its  volume,  is,  as  shown  in 
columns  6  and  7,  sufficient  to  elevate  the  temperature  of  an  equal 
weight  of  water  74°  F.  and  of  its  own  body  877  degrees  F. 
When  it  was  reduced  to  one-fourth  of  its  volume  the  increase  of 
heat  became  for  water  105°  F.  and  for  air  395°  F. ;  and  when 
condensed  to  one-eighth  of  its  original  volume,  the  heat  was,  for 
water,  125°,  and  for  air  472°  F. 
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According  to  these  observations  and  deductions,  while  the 
densities  of  air  increased  in  the  geometrical  progression  2,  4^  ^, 
the  heats  evolved  corresponded,  nearly,  to  the  arithmetical  series 
3,  4,  6.  Bat  the  ratio  in  the  differences  of  temperature  between 
the  assigned  densities  followed  a  very  different  rate  of  progression 
from  either;  thus  for  the  densities  2,  4,  8  atmospheric  pressures, 
the  corresponding  differences  of  heat  evolved  were  in  the  de- 
creasing numbers,  nearly,  (277,  118,  80)  3-5,  1-5,  1. 

I  deem  it  highly  probable  that  the  foregoing  deductions  are 
very  near  to  true  expositions  of  the  relations  between  the  con- 
densation of  atmospheric  air,  and  the  evolution  of  its  latent  heau 
The  discrepancies  between  the  actual  observations  and  the  num^ 
bers  which  should  belong  to  a  law  of  progression,  are  more  rea- 
sonably to  be  referred  to  error  in  the  former  than  in  the  latter. 
A  slight  examination  of  the  tables  will  shew  how  very  important 
it  is  in  such  experiments,  that  the  instruments  for  making  obser- 
vations should  be  both  delicate  and  accurate.  It  has  been  men- 
tioned that  the  thermometers  used  could  not  be  relied  upon  within 
half  a  degree  of  their  indications ;  while  an  error  to  this  extent 
would  produce  a  difference  in  the  deductions  of  the  first  line  of 
Table  V,  of  one-tenth  part  and,  of  course,  materially  affect  the 
value  of  the  experiment.  Besides  the  necessity  of  proper  philo* 
sophical  instruments,  the  series  of  observations  on  both  densities 
and  temperature  ought  to  have  been  more  extended  to  justify  the 
attempt  to  establish  a  natural  law  from  their  deductions.  So 
well  aware  was  I  of  the  importance  of  an  extended  succession  of 
observations,  that  in  drawing  up  the  design  of  the  machine,  I 
endeavored  to  adjust  its  proportions  so  that  it  should  be  capable 
of  working  to  a  tension  of  sixteen  atmospheres ;  but  on  trial, 
many  portions  of  it  were  found  too  weak  to  sustain  such  a  pres- 
sure. I  will,  however,  repeat  that  such  experiments  as  the  ma^ 
chine  admitted  of  being  made^  have  been  made  under  a  full  con'> 
viction  of  their  importance,  and  with  a  determination  that  noth-^ 
ing  should  be  noted  which  my  own  senses  did  not  perceive,  nor 
set  down  but  as  the  result  of  repeated  and  confirmed  observation ; 
and,  notwithstanding  the  imperfection  of  instruments  and  ma- 
chinery, I  am  of  opinion  that  they  cannot  be  in  error  to  any  con^ 
ftiderable  extent,  nor  eaa  I  hesitate  to  recommend  tbem  to  public 
confidence* 

ApakehicoK  llaith  %  1860. 
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Art.  XXI. — Notice  of  Remains  of  Vertebrated  Animals  found 
at  liichmondy  Virginia ;  by  Jeffries  Wtman,  M.  D. 

The  remains  which  are  the  subject  of  this  notice  were  dis- 
covered in  the  tertiary  beds  which  form  the  foundation  of  the  city 
of  Richmond,  and  which  extend  beyond  its  limits  over  a  vast 
area.  Mr.  Conrad  regarded  these  beds  as  identical  with  the  Eng- 
lish crag  under  the  name  of  "  medial  pliocene,"  and  Professors 
W.  B.  and  H.  D.  Rogers  describe  them  udder  the  name  of  Mio- 
cene.* The  opinion  of  these  last  geologists  is  confirmed  by  the 
observations  of  Sir  Charles  LyelLf  Prof  W.  B.  Rogers  informs 
me  in  addition  that  in  the  bottom  of  some  of  the  ravines,  a  stratum 
exists  containing  Eocene  fossils. 

A  large  proportion  of  the  bones  and  teeth  here  described  were 
discovered  and  exhumed  by  Dr.  Martin  Burton  of  Richmond,  in 
the  various  ravines  which  intersect  this  city  and  its  vicinity,  but 
more  especially  those  at  its  eastern  and  western  extremity.  The 
largest  ravine,  the  one  through  which  Shockoe  creek  makes  its 
way  into  the  James  River,  is  about  one  hundred  feet  in  depth  and 
many  hundreds  in  breadth.  From  this  there  branch  off  on  either 
side  many  smaller  ravines  with  nearly  vertical  walls.  The  most 
remarkable  of  these  are  on  the  western  side.  On  the  eastern  slope 
there  are  none  so  deeply  cut,  but  on  the  bottom  of  them  may  be 
seen  a  layer  of  silicious  animalcular  deposit  which  was  noticed  by 
Profs.  Rogers.  Prof  J.  VV.  Bailey  of  West  Point,  has  shown 
that  it  contains  many  species  of  infusorial  forms  in  vast  numbers.| 
This  stratum,  according  to  Prof  W.  B.  Rogers,  is  near  the  lower 
limit  of  the  Miocene  in  that  vicinity. 

In  the  Miocene  deposirs  are  found  the  remains  of  Vertebrata  in 
great  numbers,  especially  of  Sharks  and  of  a  small  species  of  My- 
liobatis.  The  infusorial  stratum  and  the  strata  immediately 
above  it  contain  stones  of  very  small  size  only,  and  give  no  evi- 
dence of  rapid  currents  of  water  or  of  heavy  waves ;  every  thing 
seems  sedimentary  in  its  character.  More  superficially  is  a  deposit 
of  clay  containing  casts  of  Pecten  in  great  abundance,  and  above 
this,  rounded  stones  become  quite  numerous,  and  are  used  for 
the  purpose  of  paving.  On  the  recent  removal  of  a  portion  of 
Mayos  hill,  a  stratum  of  dark  blue  marine  mud  was  exposed 
in  which  were  discovered  pieces  of  drift  wood,  still  preserving  their 
general  characters,  and  even  their  microscopic  structure,  though 
so  soft  and  decayed  as  to  yield  to  very  slight  pressure  from  the 
fingers ;  its  tenacity  was  so  slight  that  it  became  difficult  to  re- 
move the  pieces  without  breaking.     In  some  instances  they  were 

*  Trans.  Am,  Philos.  Soc,  PhiLwl,  1836. 

{Proceedings  Geolog.  Soc,  LoncL,  Feb.  26,  1846. 
See  Pro!  Bailey's  several  articles  in  Am.  Jour,  of  Sdenoe. 
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perforated  with  canals  similar  to  those  made  by  the  Teredo.  If 
the  wood  thus  discovered  were  allowed  to  dry  in  the  open  air,  as 
its  moisture  evaporated,  it  became  more  and  more  solid,  and  soon 
assumed  the  constitution  of  lignite,  having  the  density,  brittle 
fracture  and  shining  surface  of  coal.  The  progress  of  this  change 
I  had  an  opportunity  of  noticing  in  a  piece  of  wood  which  lay  on 
my  table  from  the  time  it  was  exhumed  until  it  was  completely 
converted  into  lignite.  Fruits  well  preserved  were  occasionally 
found,  and  in  one  instance  a  nut  which  was  recognized  by  Prof. 
Agassiz  as  belonging  to  the  genus  Carya  or  hickory.  I  have  as 
yet  seen  but  very  few  unequivocal  remains  of  reptiles.  These 
consist  of  a  few  teeth  which  will  be  noticed  in  a  subsequent  por- 
tion of  this  paper.  Coprolites  have  also  been  found  in  great  num- 
bers some  of  them  of  unusual  large  size. 

Remains  of  Mammals. — Seals.  Among  the  most  interesting 
of  the  relics  discovered  by  Dr.  Burton  were  parts  of  the  cranium 
of  an  animal  belonging  to  the  natural  family  of  Phocid®,  a  family 
of  which  but  few  remains  had  been  previously  detected,  and  in 
80  far  as  I  have  been  able  to  find  any  record,  only  in  one  other  lo- 
cality in  the  United  States.  The  bones  were  fragile,  and  had  ev- 
idently been  crushed  previous  to  exhumation.  The  pieces  in  my 
possession  consist  of  two  temporal  bones  nearly  entire,  a  fragment 
including  a  portion  of  the  parietal  and  occipital  bones,  and  in  ad- 
dition a  part  of  the  base  of  the  skull.  The  reentering  angle  of 
the  occiput,  the  well  marked  depressions  corresponding  with  the 
cerebral  convolutions  on  the  parietal  bones,  the  form  of  the  cranial 
cavity,  the  deep  fossa  above  the  internal  auditory  foramen,  the 
vascular  canals  opening  on  the  occiput,  and  the  inflated  tympanic 
bones,  all  indicated  an  affinity  to  the  Phocidse.  The  size  varied 
but  little  from  that  of  the  common  Harp  seal,  (P.  Groenlandica.) 
The  presence  of  an  interparietal  crest  indicating  a  large  develop- 
ment of  the  temporal  muscles,  offers  a  diagnostic  sign  by  which  it 
may  be  distinguished  from  P.  barbata,  P.  Groenlandica,  P.  hispida, 
P.  mitrata,  and  P.  vitulina.  From  those  species  of  seals  which 
are  provided  with  a  crest  the  fossil  presents  a  well  marked  differ- 
ence in  having  the  mastoid  process  much  larger,  more  rounded, 
and  prominent,  nearly  equalling  the  tympanic  bone  in  size.  The 
entrance  to  the  carotid  canal  is  in  full  view  when  the  base  of  the 
skull  is  turned  upwards.  The  imperfectly  divided  canal  which 
lodges  the  Eustachian  tube  and  the  tensor  tympani  muscle  is  of 
remarkable  dimensions,  especially  when  compared  with  that  of  P. 
Groenlandica.  The  interparietal  crest  extending  from  the  occi- 
put to  the  anterior  edge  of  the  frontals,  is  most  narrow  posteriorly 
where  it  is  but  slightly  elevated  above  the  surrounding  bones. 

The  fragments  of  cranium  above  described  were  found  in  the 
Shockoe  creek  ravine  near  the  base  of  Church  Hill.  In  the  ravine 
at  the  eastern  extremity  of  the  city  and  in  the  neighborhood  of 
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the  penitentiary,  Dr.  Burton  obtained  several  other  portions  of  the 
skeleton  of  another  seal.  These  consisted  of  an  imperfect  cervical 
vertebra,  a  lumbar  vertebra  nearly  entire,  a  fragment  of  the  sacniniy 
coccygeal  vertebra,  fragments  of  ribs  and  the  lower  extremity  of  a 
fibula.  Their  generic  characters  have  been  satisfactorily  made  out 
by  comparisons  with  recent  bones.* 

In  figure  1,  page  232,  I  have  represented  the  coccygeal  ver^ 
tebra  which  corresponds  in  its  general  characters  very  accu- 
rately with  recent  bones  of  P.  Groenlandica  from  the  same 
region  of  the  vertebral  column.  The  small  size  of  the  vertebral 
canal  and  the  imperfect  transverse  process,  the  wide  spread  ar- 
ticulating processes  and  the  blunted  spinous  process  indicate  its 
affinity  to  the  seals. 

The  fragment  of  a  left  fibula  (figs.  2  and  3)  presents  at  its  lower 
extremity  (fig.  3),  an  oblique  regularly  concave  articulating 
surface,  on  its  inner  face,  and  on  its  outer  (figs.  2  and  3,}  an 
elevated  ridge  or  crest  on  either  side  of  which  is  a  groove  for  the 
passage  of  a  tendon. 

PhocodoTiy  Agassiz. — Of  this  interesting  genus,  (which  is  so 
nearly  allied  with  Squalodon  of  Grateloup,  Basilosaurus  of 
Harlan,  Zeuglodon  of  Owen  and  J.  Miiller,  Dorudon  of  Gibbes, 
and  the  remains  from  which  the  empirical  Hydrarchos  of  Koch 
was  made,  I  have  received  from  Dr.  Burton  only  a  single  tooth, 
which  was  identified  by  Prof.  Agassiz.f 

*  The  only  other  locality  for  fossil  bones  of  seals  which  I  have  seen  noticed  as 
occurring  in  the  IT.  States,  is  the  one  mentioned  by  Dr.  C.  T.  Jackrnn  (in  his  final 
Report  on  the  Geologr  ojf  New  Hampshire)  at  South  Berwick,  Maine,  in  mariDe 
mud,  about  thirty  feet  below  the  surface,  and  which  were  brought  to  light  on  dig- 
ging a  well  These  were  sent  to  me  for  description  and  proved  to  be  an  ulna  and 
a  radius. 

Cuvier  in  the  last  editkm  of  the  Ossemens  Fossiles  (t  viii,  p.  454)  after  having 
set  aside  many  pretended  dts^veries,  says :  **  en  e£fet  rien  n'est  plus  rare  aue  des  os 
de  Phoques,  et  de  Lamantins  parmis  les  fossilea.'*  "  Je  n*ai  pu  obtenir  aossemens 
fossiles  de  phoques  bien'  constates  (|ue  des  seuls  environs  d* Angers." 

The  fragments  described  by  Cuvier  as  belonging  to  two  individuals,  were  subse- 
quently asserted  by  Blainville  to  belong  to  one  and  the  same  bone,  and  were  shown 
to  be  those  of  a  Manatee  instead  of  a  S^,  a  discovery  on  which  M.  de.  B.  dwells  with 
peculiar  satisfaction.    Ost^ographie,  Qentis  Phoca,  p.  40.) 

Among  the  veritable  discoveries  of  the  remains  of  fossil  seels,  HainviUe  dCes  tbe 
following,  (Osteography,  Oen.  Phoca,  p.  41.) 

1.  Teeth  from  Maestricht,  accompanied  with  tbose  of  sharka  Bou^  Joum.  de 
GeoL,  t  iii,  p.  81. 

2  Teeth,  a  vertebra  and  a  cranhim,  foind  in  Westphalia.  Henntna  ton  Msytt; 
Paleolo«rica,  p.  131. 

3.  Also  from  the  same  authority,  teeth  very  similar  to  those  of  seals,  and  of 
sharks,  from  Lazberg  near  Aix  la  dnapelle. 

4.  A  fragment  of  an  ilium  is  refiBrrea  to,  described  by  Eugene  Robert^  found  in  tW 
shell  tufa  of  Iceland  with  Cyprina  lalandica  and  other  recent  shells.  This  isprobabi^ 
from  an  existing  species. 

5.  In  the  Museum  of  Perth,  Hungary,  exists  a  hind  foot,  found  near  Vienna  in  the 
yaUey  of  the  Danube. 

f  Pro!  A.  will  soon  publish  a  complete  memob,  on  this  genus  found  in  the  United 
States,  in  which  will  be  given  the  result  of  his  personal  observations  drawn  firom 
large  collections  of  remains. 
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This  tooth  (fig.  4,)  is  1^%  inch  in  length,  having  a  small  portion 
broken  from  the  end  of  its  root.  The  crown  is  conical,  com* 
pressed  on  its  inner  face,  with  slightly  trenchant  edges,  the  pos- 
terior of  which  is  provided  with  a  slightly  projecting  tubercle. 
The  enamel  over  its  whole  surface  is  roughened  by  small  irregu- 
lar ridges,  the  general  direction  of  which  is  from  the  base  towards 
the  apex  of  the  crown,  those  at  the  apex  being  the  most  minute. 
This  tooth  must  have  been  placed  at  the  anterior  part  of  the 
jaw ;  all  those  of  the  posterior  lateral  portions  being  deeply  in- 
dented. 

Dr.  Burton  has  also  found  a  petrous  bone  with  its  convoluted 
appendage,  which  has  all  the  Cetacean  characteristics  and  which 
Prof  Agassiz  likewise  refers  to  the  genus  Phocodon. 

Ddphinvs. — From  the  same  locality  and  in  the  immediate 
neighborhood  of  the  spot  in  which  the  vertebrae  and  other  bones 
of  the  seal  were  found.  Dr.  Burton  obtained  four  vertebrae  all 
belonging  apparently  to  one  individual  and  nearly  of  the  size  of 
those  of  the  common  porpoise,  (D.  delphis.) 

The  fragment  of  a  lower  jaw  represented  in  figures  5  and  6,  if 
the  indications  of  the  teeth  are  followed,  is  Cetacean,  though  the 
jaw  itself  is  somewhat  unusual.  The  crowns  project  but  slightly 
above  their  alveoli,  and  are  small  when  compared  with  the  roots 
which  are  long,  bulging  near  the  middle  and  deeply  imbedded  in 
their  sockets.  The  extent  to  which  they  penefrate  into  the  jaw 
is  made  obvious  by  three  fractures,  which  intersect  the  alveoli 
near  their  termination.  A  reptilian  feature  in  the  jaw  may  be 
recognized  in  the  depressions  or  grooves  which  exist  on  its  sides  in 
the  intervals  between  the  teeth,  as  if  for  the  reception  of  the 
teeth  of  the  upper  maxillary  bone,  a  condition  which  Dr.  R.  W. 
Gibbes  has  shown  to  exist  in  the  Basilosaurus.  Each  tooth  is  sur- 
rounded by  a  distinct  circular  ridge.  The  teeth  are  solid,  the 
pulp  cavity  being  wholly  filled  up.  By  reference  to  figure  5  it  will 
be  seen  that  the  two  halves  of  the  lower  jaw  are  united  through 
the  whole  extent  of  this  fragment  (the  symphysis)  by  a  flat  sur- 
face as  is  the  case  in  the  sperm  whales  and  in  the  Gavials  among 
Crocodiles.  It  diflers  however  from  the  latter  in  the  absence  of 
an  enlargement  of  the  jaw  at  its  extremity,  (gradually  diminish- 
ing to  a  point  as  in  Cetaceans,)  as  well  as  in  the  deficiency  of 
teeth  of  larger  dimensions  which  in  Gavials  correspond  to  canines. 
Were  it  not  for  the  prolonged  symphysis  the  jaw  might  be  re- 
garded as  belonging  to  the  genus  Phocodon.  In  its  symphysis  it 
closely  resembles  that  of  some  species  of  Delphinus. 

The  teeth  represented  in  figure  7,  are  regarded  as  belonging  to  an 
animal  of  the  same  species  as  the  jaw  above  described,  presenting 
the  same  form  of  the  crown  and  root  represented  at  a  figure  6,  the 
only  one  which  was  preserved  entire.  These  teeth  are  either  solid 
or  provided  with  only  a  minute  pulp  cavity.  This  jaw  resembles 
that  of  Delphinus  more  closely  than  that  of  any  other  Cetacean. 
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This  fragment  I  found  in  one  of  the  small  ravines  on  the 
western  side  of  the  Shockoe  Greek  Ravine. 

In  one  of  the  species  of  Zeuglodon  figured  by  Miiller,  there 
exists  a  lower  jaw  with  a  prolonged  symphysis  as  in  the  above 
specimen,  though  the  teeth  of  the  first  are  less  numerous.  He 
also  figures  a  portion  of  an  upper  jaw  which  is  turned  up,  pre- 
senting a  convexity  corresporiding  with  the  concavity  of  the 
outline  of  the  lower  fragment  here  described.     Fig.  6. 

In  addition  to  the  above,  there  have  been  found  from  tin>e  to 
time  for  many  years,  fragments  of  bones  of  the  larger  Cetaceans 
of  which  I  have  numerous  specimens,  but  have  seen  none  of  the 
dimensions  of  those  of  the  largest  existing  whales.  Their  spe- 
cific characters  have  not  been  recognized.  I  have  a  single  im- 
perfect tooth  nearly  five  inches  in  length,  the  crown  of  which  is 
quite  small  compared  with  the  root,  and  its  surface  is  irregularly 
striated  or  reticulated  as  in  the  figures  of  the  teeih  of  Zeuglodon, 
given  by  Johannes  Miiller  in  his  memoir  on  this  last  animal. 

Reptiles. — The  only  remains  which  represent  this  order  are 
teeth,  one  of  which  is  represented  in  figure  8  a  of  its  natural  size 
and  which  is  obviously  that  of  some  species  of  Crocodile.  ltd 
form  is  blunt  conical,  with  a  transverse  section  nearly  circular, 
and  having  on  each  side  a  small  and  well  defined  ridge  largest  at 
its  upper  extremity  and  terminating  below  in  a  delicate  point. 
The  surface  of  the  tooth  is  marked  with  minute  longitudinal 
striae.  The  lateral  ridges  divide  the  tooth  into  two  unequal  por- 
tions as  shown  in  the  section,  figure  8  6. 

Some  of  the  teeth  of  one  other  species  of  reptile  allied  to  the 
Crocodiles  was  found  in  company  with  the  preceding,  but  which 
difier  from  the  described  forms  in  having  the  whole  surface 
covered  with  well  defined  longitudinal  flutings  extending  from 
the  base  to  the  apex — similar  to  those  of  Mosasaurus;  but  the 
tooth  is  without  an  enlarged  base. 

The  precise  locality  from  which  these  Reptilian  teeth  were  ob- 
tained, I  am  unable  to  state  ;  they  were  from  the  tertiary  deposits* 

Fishes. — Of  all  the  remains  found. in  this  locality,  those  of 
fishes  are  by  far  the  most  numerous,  and  of  these  the  largest  por- 
tion belong  to  the  Plagiostome  group,  and  will  therefore  be  almost 
necessarily  represented  by  the  teeth  alone.  As  nearly  all  the 
genera  and  species  have  been  previously  described,  a  catalogue 
of  them  will  be  all  that  is  necessary. 

Lamna  compressa,  Agass. 

L.  acuminata^  Agass* 

jL.  crassidensy  Agass. 

//.  elegans,  Agass. 

All  of  these  have  been  found  in  the  Eocene  beds  of  S.  Carolina 
by  Dr.  R.  W.  Gibbes.     The  specimens  above  enumerated  were 
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found  in  digging  wells  in  Richmond,  but  whether  from  Eocene 
or  Miocene  beds  I  ann  unable  to  state. 

Otodus  appendiculaluSj  Agasa. 

O.  lineatus. 

O.  pbliquuSf  Agass. 

O.  lanceolaitis, 

Oxyrhina  hastalisy  Agais. 

Ox.  xiphodotiy  Agass. 

Hemiprisiis  serra^  Agass, 

Carrkarodon  angustidens^  Agass. 

Oaleocerdo  contortus^  Gibbes. 

Cr.  Effertoniij  Agass. 

Sphyma  latOj  Agass. 

Glyphis  subulata^  Gibbes. 

Notidanus  primigenius.  This  species  is  quite  rare.  The  spe- 
cimen here  referred  to  is  the  only  one  which  I  have  seen  men- 
tioned as  coming  from  the  U.  Stales.  This  was  described  by  Dr. 
E.  W.  Gibbes  in  his  memoir  on  the  fossil  Squalidae  * 

Genus  Myliobatis, — After  the  genus  Lamna,  Myliobatis  may 
be  mentioned  as  the  one  which  furnishes  the  largest  number  of 
remains. 

Oenus  Phyllodus. — The  palatine  or  pharyngeal  plates,  fig.  9  a 
and  6,  were  found  by  Dr.  Burton,  and  as  I  believe  as  far  as  any 
record  appears  to  the  contrary  for  the  first  time  in  the  U.  States. 
Of  this  remarkable  genus  first  described  by  Agassiz,  nothing  has 
yet  been  discovered  but  the  plates  similar  to  those  represented  by 
the  figures.  Each  of  the  central  plates  consists  of  a  series  of  super- 
imposed layers.  Agassizf  and  Owen|  have  given  the  details  of 
their  microscopic  structure.  All  the  species  enumerated  by  Agassiz, 
six  in  number,  were  found  in  the  London  clay  of  Sheppey.  Fig. 
9a  resembles  P.  toliapicus.  Fig.  9  6  does  not  resemble  any  of 
the  species  figured  in  the  Poissons  Fossiles,  but  is  imperfect. 
Owen  regards  Phyllodus  as  allied  to  Scarus,  but  Agassiz  does 
not  admit  the  correctness  of  this  opinion. 
\  Oenus  Fogottias. — Thp  peculiar  pharyngeal  teeth  of  these  fish- 
es have  been  several  times  discovered,  and  I  have  recently  received 
from  Dr.  Burton  broken  specimens  of  large  size. 

Vertebr(B  of  fishes. — These  exist  in  great  numbers,  but  almost 
invariably  disjointed.  I  have  no  means  of  determining  them. 
Some  few  have  the  elongated  bodies  of  the  Scomberoids. 

*  Nearly  all  the  names  given  above  were  furnished  me  by  Dr.  Oibbe&    For  a  full 
deacription  of  the  genera  and  species  here  enumerated,  his  valuable  memoir  can  be 
r«ferred  to  as  containing  the  most  complete  description  as  yet  given  of  the  fosafl  - 
BqualidsB  the  U.  States.    See  his  Memoir,  Jour.  Acad.  Nat  Sciences,  Philadelphia, 

.  f  PoissoDa  Fcaailea,  t  ii,  p  28S.  t  Odontography. 
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CoproKtes. — Of  numerous  specimens  of  these  remains,  there 
is  one  of  unusual  dimensions.  It  is  six  and  a  half  inches  in  length 
and  three  inches  in  diameter.  It  presents  indications  of  having 
been  moulded  upon  a  spiral  membrane;  its  fractured  surface  ex- 
hibits fragments  of  bone  and  something  resembling  the  scales  of 
fishes.     The  color  of  the  fractured  surface  is  of  a  reddish  brown. 


Art.  XXII. — On  the  Volcanic  Eruptions  of  Hawaii;  by  Jamxs 
D.  Dana — .Continued  from  vol.  ix,  p.  364. 

In  a  former  article,  a  historical  account  was  given  of  the  emp* 
tions  of  Kilauea,  the  great  pit-crater  on  the  flanks  of  Mount  Loa, 
situated  at  a  height  of  about  40U0  feet  above  the  sea.  The  fol- 
lowing pages  contain  what  information  we  have  collected  respect- 
ing the  summit  eruptions  of  Mount  Loa.*  The  crater  is  a  deep 
pit  in  the  very  summit  of  the  mountain  dome,  and  is  called  by 
the  natives  Mokua-weo-weo  f  It  has  nearly  an  elliptical  figure, 
as  shown  in  the  annexed  cut,  with 
its  diameters  13,000  and  8000 
feet  respectively,  the  longer  lying 
in  a  north-by-west  and  south- 
by-east  direction.  But  the  deep 
part  of  the  crater  is  nearly  circu- 
lar, and  has  the  breadth  of  the 
smaller  diameter,  the  northern 
and  southern  portions  being  shal- 
low. The  walls,  through  a  con- 
siderable portion  of  their  circuit, 
are  abrupt  or  even  vertical,  and  are 
stratified  in  structure  like  the  sides 
of  Kilauea;  on  the  west  side  the 
height  was  found  by  Henry  Eld, 
Jr.,  to  be  seven  hundred  and  eigh- 
ty-four feet,  and  on  the  east  four 
hundred  and  seventy  feet. 

The  bottom  of  the  pit  when 
examined  by  Captain  Wilkes  and 
the  oflScers  of  the  Vincennes,  consisted  of  solidified  lava,  through 
which  there  were  several  fissures  and  funiaroles  emitting  steam 
and  sulphur  vapors  in  large  volumes.     Some  parts  were  rough 


*  The  summit  crater  was  examined  and  thoroughly  explored  by  Captain  WOket 
and  the  officers  of  the  Vincennes,  and  a  detailed  account  of  it  is  given  in  the  fourth' 
Tolume  of  the  NarratiTe  of  the  Expedition.  The  above  sketch  is  a  reduced  copy  of 
that  in  the  Narrative,  p.  1 1 1.  The  author's  explorations  did  not  reach  aboTe  KiUue% 
hi«  time  having  been  hmited  by  orders  to  other  groups  of.Islanda. ' 

f  The  name  of  the  crater  is  pronounced  Mokooah-wayo-wiyo,  '» 
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with  elinkers,  while  in  others,  smoother  tracts  of  solid  leva 
eoDttituted  the  surface.  The  fissures  had  in  general  a  north- 
northwest  and  south-southeast  direction,  and  one  near  the  west 
bank  had  ejected  lavas  at  no  distant  period.  Two  cinder  cones 
at  (he  bottom,  consisting  of  light  scoria,  were  remarkably  per- 
fect in  form,  and  one  was  two  hundred  feet  high.  About  maDy 
of  the  fumaroles  there  were  the  same  salts  that  occur  at  the  sul- 
phur banks  of  Kilauea. 

Besides  the  large  pit  there  were  two  others,  one  on  the  north, 
and  another  (called  Pohakuo-hanalei)  on  the  south,  both  of  which 
may  be  looked  upon  as  subordinate  to  the  central  crater,  as  ihey 
are  enclosed  within  the  same  general  rim  or  outline.  There  is  also 
another  small  pit,  distinct  from  these,  a  short  distance  to  the  south. 

Into  Pohakuo-hanalei,  a  stream  of  lava  had  run  from  Mokua- 
weo-weo,  and  Capt.  Wilkes  remarks  that  it  looked  like  a  cascade  of 
iron  which  had  become  solid  before  reaching  the  bottom.  There 
were  several  deep  fissures  in  the  vicinity  of  this  pit,  and  every 
appearance  of  recent  eruptions.  ^'  The  lava  at  the  month  of  some 
of  the  chasms  appeared  as  though  it  had  been  thrown  up  and 
plastered  on  the  edges  in  clots,  which  seemed  of  the  consistency 
of  tar  or  melted  sealiug-wax  of  various  colors,  the  most  predomi- 
nant a  dark  brown." 

There  were  several  small  cones  about  the  summit,  both  to  the 
north  and  south  of  Mokua-weo-weo. 

The  rocks  of  the  summit,  where  there  was  evidence  in  their 
appearance  of  recent  origin,  resembled  those  of  modern  ejections 
below.  But  the  walls  of  the  crater  are  described  as  consisting  of 
a  compact  grayish  rock  without  cellules  and  often  breaking  in 
plates.  The  specimens  obtained  were  a  grayish  clinkstone 
speckled  with  a  white  feldspar,  with  no  trace  of  a  cellule,  and  no 
resemblance  to  ordinary  lavas.  They  consisted  mostly  of  the 
feldspar. 

But  little  is  known  with  regard  to  the  eruptions  of  the  summit 
crater.  Yet  there  is  abundant  evidence  that,  even  at  the  present 
time,  its  fires  are  not  entirely  inactive. 

An  eruption  is  stated  to  have  taken  place  on  the  20th  of  June, 
1832,  and  the  mountain  continued  burning  for  two  or  three 
weeks;  the  lavas  broke  out,  in  different  places,  and  were  dis- 
charged from  so  many  vents,  that  the  fires  were  seen  on  every 
side  of  the  dome,  and  were  visible  as  far  as  Liahaina,  upwards  of 
one  hundred  miles.* 

The  first  ascent  to  the  summit  of  Mount  Loa  by  a  foreigner 
was  made  by  Dr.  Douglass.     This  author  describes  it  as  far  sur* 

*  See  ibis  Joumml,  volume  xxv,  201,  in  a  oominnniratioo  fipom  Rev.  J.  Goediiols 

datodNoy.17, 1832. 
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paning  Eilauea  in  sablimity  and  violent  activity^  Mr.  Douglass's 
observations  are,  however,  received  with  incredulity  by  the  resi- 
dents. The  crater,  if  thus  active,  would,  like  Kilauea,  have 
shown  evidence  of  it  in  an  illuminated  cloud  at  night.  But 
neither  this  nor  any  other  proofs  of  its  action  were  noticed  at  the 
time  by  the  Hawaiians  or  by  the  whites  residing  among  them.* 
An  eruption  took  place  in  January,  1843,  which  is  described  by 
Messrs.  Andrews  and  Coan.f  It  broke  out  at  the  summit,  on 
the  10th  of  January,  and  continued  down  the  slopes  of  Mount 
Loa  in  two  streams  :  one  flowed  to  the  westward  towards  Kona; 
the  other  flowed  northward  to  the  foot  of  Mount  Kea,  and  then  di* 
viding,  one  part  continued  on  towards  Waimea  northeastward, 
and  the  other  towards  Hilo,  eastward. 

We  cite  here  the  account  given  by  the  Rev.  Mr.  Coan  of  the 
American  Mission  at  Hilo  on  the  eastern  shore,  who  has  spent 
much  time  in  his  many  explorations  of  Mount  Loa. 

"On  the  morning  of  January  10th,  before  day,  we  discovered 
a  small  beacon  fire  near  the  summit  of  Mauna  Loa,  directly  in 
the  rear  of  our  station,  about  thirty  miles  distant.  This  was  soon 
foimd  to  be  a  new  volcano,  bursting  out  on  the  northeastern 
slope  of  the  mountain,  at  an  elevation  of  near  13,000  feet.  From 
this  time,  the  eruption  increased  in  magnitude  and  intensity,  from 
day  to  day,  till  it  presented  a  scene  of  sublime  splendor,  disgorg- 
ing vast  columns  of  fiery  fluid  which  rolled  in  a  broad,  burning 
river  down  the  side  of  the  mountain.  Subsequently  the  lava  ap- 
peared to  burst  out  at  several  different  points  lower  down  the 
mountain,  from  whence  it  flowed  ofi*  in  the  direction  of  Mauna 
Kea,  filling  the  great  valley  between  the  mountains  with  a  sea 
of  fire,  and  throwing  a  broad  sheen  of  light  upon  the  heavens. 
Some  of  our  nights  have  presented  scenes  sublimely  grand 
and  fearfully  magnificent.  The  position  of  the  eruption  is 
such  that  it  can  be  distinctly  seen  from  the  window  of  our 


*  A  comparison  of  the  statements  in  the  following  paragraph  by  Mr.  Douglaf»s,  with 
the  observations  by  the  officers  of  the  Vincennes,  wul  sbow  tliat  this  ineredulity  is 
probably  not  mi>*placed.  **The  mountain  (Mount  Loa),  with  an  elevation  of  13^517 
feet,  is  one  of  the  most  interesting  in  the  world.  The  journey  to  the  top  took  me 
seventeen  days.  On  the  summit  is  a  Volcano,  nearly  twenty-four  (?)  miles  in  circum- 
ference, and  at  present  in  terrific  activity.  You  must  not  confound  this  with  the  one 
situated  on  the  flanks  of  Mauna  Roa,  and  spoken  of  by  the  missionaries  and  Lord 
Byron,  and  which  I  visited  also.  It  is  dilHciilt  to  attempt  describing  such  an  immense 
place.  The  spectator  is  lost  in  terror  and  admiration  at  beholding  an  enormous  sunk- 
en pit,  (for  it  differs  from  all  our  notions  of  volcanoes  as  possessing  cone-shaped  sum- 
mits with  terminal  openings,)  five  miles  square  of  which  is  a  lake  of  liquid  fire,  in  a 
state  of  ebulhtion,  sometimes  tranquil,  at  other  times  rolling  its  blazing  waves  with 
furious  agitation,  and  casting  them  upwards  in  columns  fi*oni  thirty  to  one  hundred 
and  seventy  feet  This  volcano  is  1272  feet  deep;  I  mean  down  to  the  surface  of 
the  fire ;  its  chasms  and  caverns  can  never  be  measured."  Extracts  from  the  Jour- 
nal of  Mr.  Douglass,  Magazine  of  Zoology  and  Botany,  1837,  i,  682. 

f  Missionary  Herald,  xxxiz,  381,  463 ;  and  xl,  44.  The  course  of  the  stream,  and 
He  origin  were  particularly  examined  by  the  Rev.  T.  Coao. 
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dormitory,  so  that  we  can  lie  on  our  conch  and  wateh  the 
fantastic  and  ever  varying  action  of  the  fires  from  evening  to 
morning.  The  rapid  disgorgement  of  the  gory  flood,  the  lofty 
rising  of  brilliant  pillars — like  burning  brass — the  irregular  shoot- 
ing of  coruscations,  and  the  fearful  flow  of  the  molten  sea — all 
tend  to  excite  a  wakeful  spirit,  and  incline  us  sometimes  to  keep 
vigils  for  most  of  the  night.  For  about  four  weeks,  this  scene 
continued  without  much  abatement.  At  the  present  time,  after 
six  weeks,  the  action  of  the  fire  is  greatly  diminished,  though  it 
is  still  somewhat  vehemeiit  at  one  or  two  points  along  the  line  of 
eruption.  The  flow  of  the  lava  has  probably  extctided  twenty 
miles.  As  to  its  breadth  and  depth,  we  can  form  no  opinion  at 
this  distance.  We  apprehend  that  the  fires  have  nearly  spent 
their  force,  though  in  this  we  may  be  mistaken." 

[On  Monday  the  6th  of  March,  Mr.  Coan,  in  company  with  Mr. 
Paris  and  seven  natives,  left  Hilo  on  their  tour  of  exploration.] 

"  We  did  not  take  the  usual  route — that  pursued  by  Captain 
Wilkes  and  others,  via  Kilauea — but  directed  our  course  at  once 
for  the  stream  of  lava,  as  it  was  seen  flowing  on  the  high  plains 
between  Mauna  Loa  and  Mauna  Kea.  Our  general  course  was 
west-south-west,  through  a  vast  forest,  so  interwoven  with  jungle 
as  to  render  it  in  most  places  impenetrable.  As  the  season  was 
peculiarly  dry,  we  chose  for  our  path  the  rocky  bed  of  a  river, 
called  the  River  of  Destruction,  from  the  quantity  and  rush  of 
its  waters  during  the  rainy  seasons.  The  stream  was  now  so  low 
that  we  could  pass  up  its  bed  and  under  its  banks  by  leaping  from 
rock  to  rock,  and  frequently  crossing  from  side  to  side,  now  and 
then  also  ascending  its  banks  and  beating  our  way  for  a  short  dis- 
tance through  the  brushwood,  to  avoid  deep  water,  perpendicular 
precipices,  or  the  accumulated  masses  of  drift-wood.  These 
drift  wood  accumulations  consisted  often  of  majestic  trees  which 
had  been  torn  violently  from  their  places,  and,  with  roots,  trunk, 
and  branches,  carried  down  the  stream  to  some  narrow  pass, 
where  their  progress  was  arrested  by  the  approaching  banks,  by 
vast  rocks,  or  by  a  sudden  bend  in  the  stream,  so  as  to  form  an 
impregnable  chevaux-de-frise  against  the  traveller. 

[The  night  was  spent  by  Mr.  Coan  and  his  party  in  the  out- 
skirts of  the  forest  already  mentioned.] 

On  the  second  day,  we  again  entered  the  bed  of  the  stream, 
and  pursued  our  romantic  course  along  the  serpentine  and  rocky 
channel,  and  between  its  precipitous  and  often  overhanging 
banks,  which  sometimes  presented  frowning  battlements  of  dark 
naked  lava,  and  sometimes  retreated  in  graceful  slopes  of  luxuri- 
ant soil,  adorned  with  trees,  shrubs,  vines,  and  parasitical  plants, 
or  spread  with  a  splendid  carpet  of  soft  velvet  moss.  In  this  lofty 
and  deep  forest,  and  amid  these  everlasting  solitudes — unbroken 
except  by  the  gurgling  of  the  wasted  stream,  the  dashing  of  the 
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cascade,  or  the  mighty  rush  and  the  deep  thunder  tones  of  the 
mountain  torrent,  and,  I  should  add,  by  the  enchanting  strains  of 
the  ten  thousand  songsters  whose  notes  seemed  to  fill  every  leaf  and 
shrub  and  tree  with  animated  joy — we  pursued  our  quiet  way  till 
the  outstretching  shades  of  evening  admonished  us  to  prepare  for 
repose. 

[The  night  was  passed  in  a  booth  of  boughs  and  ferns,  erected 
for  the  emergency  on  the  bank  of  the  river.] 

Early  the  next  morning,  we  pursued  our  way  up  the  stream, 
and  at  noon  found  ourselves  fairly  out  of  the  forest  with  the  lofty 
summit  of  Mauna  Kea  rising  in  hoary  grandeur  before  us.  We 
vere  now  at  its  base,  and  in  the  high,  open  country  occupied 
by  herds  of  wild  cattle.  We  bent  our  course  south-south-west, 
over  a  beautiful  rolling  country,  sprinkled  here  and  there  with 
clumps  of  low,  spreading  trees,  which  looked  like  orchards  in  the 
distance.  Our  way  was  along  the  upper  skirts  of  the  forest,  hav- 
ing Mauna  Kea  with  its  numerous  peaks  and  lateral  craters  on 
our  right.  At  evening  we  came  in  full  view  of  Mauna  Loa, 
bearing  south  by  west  from  us.  We  pitched  our  tent  under  an  an- 
cient crater,  four  hundred  feet  high,  now  covered  with  trees  and 
grass. 

Here  we  had  a  splendid  view  of  the  great  terminal  crater  on 
the  summit  of  the  mountain,  about  twenty-five  miles  distant,  and 
also  of  the  vast  flood  of  lava  which  had  flowed  down  the  north- 
em  side  of  the  mountain  to  the  plains  below,  some  part  of  which 
lay  burning  at  our  feet;  at  the  distance  of  four  or  five  miles.  We 
were  now  seven  or  eight  thousand  feet  above  ihe  level  of  the  sea } 
and  we  could  see  the  dark  clouds  gather,  and  the  lightnings  blaze 
below  us,  while  ihe  deep  toned  thunder  rolled  at  our  feet.  At  the 
same  time,  a  storm  of  hail  spread  along  the  shore  and  fell  upon 
the  station  at  Hilo.  This  was  the  first  hail  seen  at  our  station 
since  our  arrival  at  the  Islands.  At  twilight  a  smart  shock  of  an 
earthquake,  which  lasted  thirty  seconds,  added  to  the  sublimity  of 
the  scene;  while  a  blazing  comet  hung  over  us  in  the  vaulted 
sky.  As  darkness  gathered  around  us,  the  lurid  fires  of  the  vol- 
cano began  to  glow  with  fervid  heat,  and  to  gleam  upon  us  from 
the  foot  of  Mauna  Kea,  over  all  the  plain  between  the  two  moun- 
tains, and  up  the  side  of  Mauna  liOa  to  its  snow-crowned  summit, 
exhibiting  the  appearance  of  vast  and  innumerable  furnaces,  burn'* 
ing  with  intense  vehemence,  and  throwing  out  a  terrible  radiance 
in  all  directions.  During  the  night  we  had  thunder  and  light- 
ning ;  and  in  the  morning  both  mountains  were  beautifully  man- 
tled in  snow. 

It  was  now  Thursday,  and  we  left  our  encampment  and  pro- 
ceeded three  or  four  miles  towards  the  new  stream  of  lava,  and 
again  pitched  our  tent  on  the  side  of  an  old  crater,  two  hundred 
feet  high  and  one  mile  in  circumference,  and  covered  with  treea 
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and  shrabbery  to  its  summit.  It  was  sorroanded  at  its  base,  how- 
ever, by  a  vast  field  of  naked  scoria  of  the  most  jagged  character, 
the  deposit  of  some  former  eruption  which  had  flowed  around  the 
little  fertile  hill,  and  left  it  like  an  island  in  the  ocean,  or  like  an 
oasis  in  the  desert.  Leaving  our  natives  to  prepare  our  encamp* 
ment  and  collect  fuel,  water,  etc.,  we  set  off  for  the  nearest  stream 
of  active  lava,  distant  about  two  miles.  Our  road  was  over  sharp 
jagged  lava,  thrown  up  in  tumultuous  confusion ;  but  we  soon 
made  our  way  to  the  molten  stream,  and,  thrusting  our  staffs  into 
the  viscid  mass,  took  out  and  cooled  specimens  which  we  carried 
home  with  us.  You  will  understand  that  we  were  now  on  the 
great  plain  between  Mauna  Loa  and  Mauna  Kea,  about  7,000  feet 
above  the  level  of  the  sea,  not  having  as  yet  commenced  the  di- 
rect ascent  of  the  mountain.  On  this  plain,  between  the  bases 
of  the  two  mountains,  we  spent  the  day  in  traversing  and  sur- 
veying the  immense  streams  of  fresh  scoria  and  slag,  which  lay 
smouldering  in  wild  confusion  farther  than  the  eye  could  reach,— 
some  cooled,  some  half-cooled,  and  some  still  in  a  state  of  igne- 
ous fusion.  The  scoriform  masses  which  formed  the  larger  por- 
tion of  the  flowings,  lay  piled  in  mmnids  and  extended  in  high 
ridges  of  from  thirty  to  sixty  feet  elevation  above  the  substratum 
on  which  it  rested,  and  forming  a  harrier  so  indescribably  jagged 
and  rough  as  to  be  nearly  impassable.  It  seemed  as  if  this  vast 
sea  of  earthy  and  rocky  fusion  had  been  suddenly  solidified, 
while  in  a  state  of  the  most  tumultuous  action.  Besides  these 
high  and  broad  ridges  of  scoria,  there  were  parallel  streams  of 
slag,  solidified  on  the  top,  like  ice  on  a  river.  This  was  smooth, 
of  lustrous  black,  and  in  a  vitrescent  state,  forming  the  superin- 
cumbent crust  of  a  deep  molten  river  which  rolled  beneath,  and 
which  betrayed  its  burning  course  at  innumerable  cracks  and 
seams  and  blow-holes,  in  which  the  fiery  fluid  was  seen,  or 
throtigh  which  it  was  expelled  in  gory  jets: 

We  spent  the  whole  day  in  exploring  this  vast  sea  of  lava,  and 
were  astonished  at  its  immense  area.  In  rolling  down  the  side  of 
the  mountain,  one  broad  stream  had  shot  off  in  a  westerly  direc- 
tion, towards  Kona.  Another  mighty  river  had  flowed  northward 
till  it  was  intercepted  by  the  base  of  Mauna  Kea,  when  it  divided 
into  two  branches,  one  flowing  in  a  north-west  direction  towards 
the  plains  of  Waimea,  and  the  other  arm  stretching  north-east  and 
flowing  towards  Hilo.  These  three  main  branches,  if  united,  would 
form  probably  a  river  five  or  six  miles  broad ;  and  the  longest  of 
them  cannot  I  think,  have  advanced  less  than  twenty-five  or  thirty 
miles.  They  are  still  flowing,  but  their  progress  at  present  is  slow, 
as  they  are  on  a  vast  plain,  and  their  celerity  is  also  retarded  by 
fissures  and  caverns,  and  by  fields  of  old  scoria  which  covers  those 
high  regions.  Should  the  eruption  continue,  and  should  the  qtian- 
tity  of  fuaoQ  be  sufficient  to  overcome  the  obstacles  and  reach  the 
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regions  where  the  face  of  the  coantry  declines  rapidly  towards  the 
sea,  the  descent  will  then  be  quick  and  easy  to  the  coast,  both  on 
the  eastern  and  western  shores.  This  may  take  place  though  I 
am  rather  of  the  opinion  that  the  fires  will  have  spent  their  force 
before  they  reach  the  sea. 

Besides  the  three  great  branches  described,  there  are  numerous 
smaller  ones,  shooting  out  laterally  and  irregularly  from  the  main 
streams,  both  on  the  side  and  at  the  base  of  the  mountain.  These 
form  together  an  indescribable  labyrinth. 

After  travelling  hard  all  day,  without  being  able  to  reach  the 
extreme  ends  of  the  two  great  western  branches  of  the  eruption, 
we  returned  at  evening  to  our  tent,  weary,  but  gratified  nearly  to 
oppression  by  the  vastness  and  the  terribleness  of  the  scenes  we 
had  witnessed. 

[During  the  night,  a  dense,  dark  cloud  invested  the  eminence 
on  which  the  travellers  had  encamped ;  this  was  charged  with 
electric  fluid,  which  soon  began  to  blaze  around  them  with  terrific 
splendor,  accompanied,  at  the  same  time,  with  startling  peals  of 
thunder.  They  felt  that  they  were  "in  a  sea  of  electricity;" 
and  realized  the  sublimity  of  the  expression,  "  The  God  of 
Glory  thundereth."  •  At  length  the  storm  passed  away,  and  the 
volcanic  fires  which  had  been  concealed  by  the  tempest,  **  resumed 
their  merry  dance,  spouting  forth  their  gory  masses  in  fantastic 
and  ever  varying  forms,  at  different  points,  from  mountain  to 
motmtain,  along  the  whole  line  of  eruption."] 

Ascent  to  the  Crater, — The  next  morning  we  rose  early,  and 
made  our  preparations  for  visiting  the  summit  of  the  mountain, 
distant  about  twenty  miles.  As  we  did  not  suppose  it  possible  to 
reach  the  summit  and  return  to  our  camp  the  same  day,  we  pro- 
vided ourselves  with  caps,  flannels,  mittens,  cloaks,  comfortables, 
etc.,  for  sleeping  upon  the  lava  on  the  side  of  the  mountain  ;  and 
taking  a  little  food  and  a  calabash  of  water,  we  committed  our 
luggage  to  two  strong  natives,  leaving  the  rest  of  our  company 
where  we  had  encamped  during  the  night.  Thus  prepared  we 
set  off,  expecting  to  spend  two  days  upon  the  mountain.  Our 
way  at  first  lay  over  a  field  of  scoria  of  an  indescribably  sharp 
and  jagged  character ;  and  we  had  not  proceeded  more  than  half 
a  mile  before  we  found  that  the  two  natives  who  carried  our 
clothing  fell  in  the  rear,  and  followed  us  at  the  rate  of  less  than 
a  mile  an  hour, — the  road  being  so  inconceivably  rugged  that 
they  could  not  quicken  their  pace  without  being  in  danger  of 
stumbling  at  every  step,  and  breaking  their  calabashes,  and  tear- 
ing their  flesh.  We  halted  suddenly,  held  a  short  consultation, 
set  down  our  calabashes  on  the  lava,  took  a  little  biscuit  in  cur 
pockets,  laid  our  cloaks  and  umbrellas  on  our  guides,  and  leaving 
everything  else  behind,  set  out  again  for  the  summit  of  the  moun- 
tain.    After  passing  this  tract  of  scoria,  we  came  to  a  field  of 
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more  compact  and  smooth  lava,  lying  along  the  borders  of  the 
new  stream.  Here  we  moved  on  rapidly,  at  the  rate  of  three  and 
a  half  or  four  miles  an  hour.  As  we  had  left  most  of  our  Cloth- 
ing and  food,  with  all  our  water,  behind,  and  as  we  clung  to  the 
hope  of  reaching  the  original  point  of  eruption — a  vast,  active 
crater,  within  a  few  hundred  feet  of  the  highest  part  of  the 
mountain — we  felt  it  necessary  to  press  hard  and  improve  every 
moment,  as  we  must  return  the  same  day,  or  probably  perish  with 
cold  amid  those  high  regions  of  snow  and  tempests. 

To  describe  our  road  would  be  tedious,  if  not  impossible. 
Sometimes  we  were  on  ancient  deposits  and  sometimes  on  the 
new ;  sometimes  on  broad  fields  of  smooth,  shining  lava,  and 
sometimes  crossing  extended  tracts  of  the  sharp,  spurry  kind  be- 
fore mentioned ;  now  we  were  climbing  a  high  ridge  of  loose 
scoria  and  slag,  and  then  feeling  our  way  down  a  ravine  amidst 
poised  and  pendant  masses  that  seemed  to  say,  "Touch  us  not 
lest  we  bury  you  from  the  light  of  day." 

At  ten  o'clock  we  were  fairly  at  the  foot  of  the  mountain  prop- 
er, and  began  a  more  regular  and  rapid  ascent,  though  we  h^ 
been  gradually  rising  for  an  hour  or  two  before.  The  new  streams 
of  lava,  spread  to  the  breadth  of  several  miles  over  the  side  of 
the  mountain,  for  the  most  part  were  nearly  cooled ;  in  many 
places,  however,  they  were  burning  hot,  and  emitting  smoke, 
steam,  and  pungent  gases. 

At  noon  we  lost  sight  of  our  native  attendants,  who  were  una- 
able  to  keep  up  with  us  in  our  rapid  and  forced  march,  and  we 
saw  them  no  more  during  the  day.  We  were  now  on  the  new 
eruption,  and  our  ascent  became  more  and  more  steep ;  while  the 
rarity  of  the  atmosphere  affected  our  respiration,  so  that  it  was 
difficult  to  proceed  many  rods  without  stopping  to  pant  and  recover 
breath.  The  lava  on  which  we  were  treading  gave  indubitable 
evidence  of  powerful  igneous  action  below,  as  it  was  hot  and  full 
of  seams,  from  which  smoke  and  gas  were  escaping.  But  we 
soon  had  ocular  demonstration  of  what  was  the  state  beneath  us  ; 
for  in  passing  along  we  came  to  an  opening  in  the  superincumbent 
stratum,  of  twenty  yards  long  and  ten  wide,  through  which  we 
looked,  and  at  the  depth  of  fifty  feet,  we  saw  a  vast  tunnel  or 
subterranean  canal,  lined  with  smooth  vitrified  matter,  and  forming 
the  channel  of  a  river  of  fire,  which  swept  down  the  steep  side 
of  the  mountain  with  amazing  velocity.  The  sight  of  this  cov- 
ered aqueduct — or  if  I  may  be  allowed  to  coin  a  word,  this  pynh 
dvjct — filled  with  mineral  fusion,  and  flowing  under  our  feet  at  the 
rate  of  twenty  miles  an  hour,  was  truly  startling.  One  glance  at 
the  fearful  spectacle  was  worth  a  journey  of  a  thousand  miles. 
We  gazed  upon  the  scene  with  a  kind  of  ecstasy,  knowing  that 
we  had  been  travelling  for  hours  over  this  river  of  fire,  and  cross- 
ing and  recrossing  it  at  numerous  points.     As  we  passed  up  the 
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mountain,  we  found  several  similar  openings  into  this  canal, 
through  which  we  cast  large  stones ;  these  instead  of  sinking  into 
the  viscid  mass,  were  borne  instantly  out  of  our  sight  upon  its 
burning  bosom.  Mounds,  ridges,  and  cones  were  also  thrown  up 
along  the  line  of  the  lava  stream,  from  the  latter  of  which,  steam, 
gases,  and  hot  stones,  were  ejected  into  the  air  with  terrible  hiss- 
ings and  belchings. 

We  bad  proix>sed  to  commence  our  return  at  one  o'clock  in  the 
afternoon ;  but  the  hour  came  and  we  were  still  far  from  the  sum- 
mit. We  then  added  half  an  hour  to  the  ascent.  This  passed, 
but  we  had  not  reached  the  end  of  our  journey.  We  went  on 
adding  half  hour  to  half  hour  till  three  o'clock,  at  which  time 
we  reached  the  verge  of  the  great  crater  where  the  eruption  first 
took  place,  near  the  highest  point  of  the  mountain.  This  was  in 
the  region  of  perpetual  snow ;  and  to  reach  it  we  had  passed  through 
snow  for  the  last  three  miles.  Here  we  found  two  immense  cra- 
ters close  to  each  other,  of  vast  depth  and  in  terrific  action ;  but 
we  had  not  a  moment  left  to  stay  and  survey  them  minutely. 
Kneeling,  therefore,  among  these  awful  scenes  to  bless  the  Hand 
which  had  led  us  thus  far,  and  to  ask  protection  on  our  return, 
we  turned  our  faces  down  the  mountain. 

Though  weary  and  way-worn,  almost  to  the  last  degree,  we 
felt  that  we  must  regain  our  tent,  long  lost  in  the  distance,  or  run 
the  hazard  of  perishing  upon  the  mountain.  We  ran,  walked,  clam- 
bered, descended,  stumbled,  feeling  unable  at  every  step  to  drag 
one  foot  after  the  other,  and  yet  necessity  impelled  us  to  proceed. 
At  length  night  came  on ;  we  were  still  in  a  trackless  waste  of 
frowning  lava,  not  less  than  eight  or  ten  miles  from  our  camp.  But 
by  the  cheering  aid  of  a  moon  in  her  first  quarter,  we  could  still 
trace  the  distant  outlines  of  the  green  hill  on  which  our  cottage  of 
branches  stood.  We  plodded  on,  alternately  walking  and  resting, 
at  rapid  intervals,  until  a  fog  came  on  us  shutting  out  at  once  the 
hill,  the  heavens,  and  even  the  volcanic  fire  from  our  sight.  We 
could  not  now  keep  our  course,  as  we  could  not  see  our  compass. 
We  wandered  some,  but  not  far  from  the  track.  Still  there  was 
little  hope  that  we  should  reach  our  camp. 

In  about  an  hour,  however,  the  fog  dispersed,  the  moon  and 
stars  looked  benignantly  upon  us,  and  the  volcanic  fires  began 
again  to  play  on  our  left ;  and  after  persevering  toil,  with  indes- 
cribable weariness,  we  reached  our  tent  a  few  minutes  before 
eleven  at  night.  I  need  not  say  that  our  thirsty,  exhausted,  and 
lacerated  frames  welcomed  rest  and  refreshment;  nor  that  our 
thankful  spirits  felt  untold  satisfaction  in  view  of  the  wondrous 
scenes  we  had  witnessed  during  this  laborious  and  eventful  day." 

[On  the  following  morning,  Messrs.  Coan  and  Paris,  with  the 
natives  who  accompanied  them,  set  out  upon  their  return  to 
Kilo.] 
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In  a  letter  subsequently  received  by  the  author  from  Mr.  Coan 
he  states : — "  The  angle  of  descent  down  which  the  lavas  flowed 
from  the  summit  to  the  northern  base  of  Mauna  Loa  is  6^ ;  bat 
there  are  many  places  on  the  side  of  the  mountain  where  the  in- 
clination is  10^,  15°,  or  25Pj  and  even  down  these  local  declivi- 
ties of  half  a  mile  to  two  miles  in  extent,  the  lava  flowed  in  a 
continuous  stream.  This  was  the  fact  not  only  during  the  flow 
of  several  weeks  upon  the  surface,  but  also  in  that  wonderful  flow 
in  the  subterranean  duct,  described  in  the  Missionary  Herald. 
There  was  no  insurmountable  barrier  in  the  way  of  the  flow 
from  the  summit  of  Mauna  Loa  to  the  base  of  Mauna  Kca,  a  dis- 
tance of  twenty-five  or  thirty  miles.  The  stream  sometimes 
struck  mounds  or  hillocks,  which  changed  its  course  for  a  little 
space,  or  around  which  it  flowed  in  two  channels,  reuniting  on 
the  lower  side  of  the  obstacle,  and  thus  surrounding  and  leaving 
it  an  island  in  the  fiery  stream.  Ravines,  caves,  valleys,  and  de-* 
pressions  were  filled  up  by  the  lava  as  it  passed  down  the  slope 
of  the  mountain,  and  between  the  two  mountains.  In  conclu- 
sion, I  remark,  that  the  stream  was  continuous  for  more  than 
twenty-five  miles,  with  an  average  breadth  of  one  and  a  half 
miles,  and  flowed  down  a  declivity  varying  from  26°  to  1°." 

The  quiet  character  of  the  eruptions  of  Kilauea  was  remarked 
upon  in  a  former  article.  It  is  still  more  surprising  that  an  out- 
break of  such  magnitude  as  that  just  described  should  have  taken 
place,  without  warning  to  the  islanders. — Prom  a  height  of  14,000 
feet,  lavas  break  out,  in  a  copious  flow,  and  for  25  miles  there  is  a 
rending  of  the  mountain,  and  continued  ejections;  and  yet  there 
are  none  of  the  terrible  convulsions  and  heavings  and  darkening 
showers  of  ashes  or  cinders  that  accompany  the  eruptions  of  many 
smaller  volcanoes:  there  is  not  even  a  grumbling  beneath  to  sug- 
gest alarm ;  the  first  indication  was  the  discovery  of  what  ap- 
peared to  be  a  small  '^beacon  fire"  near  the  summit  of  the  dome* 

During  all  this  time,  Kilauea,  on  the  flanks  of  the  mountain  at 
a  level  10,000  feet  below,  was  in  its  usual  active  condition,  and 
as  an  observer  says,  it  showed  not  the  least  signs  of  sympathy. 
The  crater  is  an  opening  3^  miles  in  length ;  and  within  it,  an 
area  1500  and  1000  feet  in  its  diameters,  was  at  the  time  in  con- 
stant undisturbed  ebullition. 

Since  1843,  there  has  been  another  eruption  from  the  summit, 
and  we  look  for  an  early  account  from  the  island  to  give  our 
readers.  It  took  place  the  past  year,  and  was  as  remarkable  as 
that  described  for  its  quietness  of  progress,  and  its  extent. 
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Art.  XXIII. — Mineralogical  Notices,^ 

I.  New  Species. 

1.  Tritomtte,  (S.  H.  Weibye  and  N.  J.  Berlin,  Pogg.,  Ixxix, 
299, 1850.) — Crystals  tetrahedral ;  surfaces  smooth  and  having  a 
reddish  crust ;  cleavage  indistinct.  Lustre  submetallic  vitreous. 
Color  dull  brown ;  streak  dirty  yellowish-gray.  Translucent  only 
on  the  edges.  H.  between  feldspar  and  apatite.  G.  =4*16 — 4*66. 
B.B.  becomes  white,  intumesces  somewhat,  and  sometimes  de- 
crepitates. In  a  matrass  yields  water  and  gives  a  weak  fluorine 
reaction.  With  borax  dissolves  to  a  reddish  yellow  glass,  which 
is  colorless  on  cooling.  With  muriatic  acid,  when  pulverized, 
yields  chlorine  and  gelatinizes.  Composition  according  to  N.  J. 
Berlin,  (specific  gravity  of  specimen,  4-24.) 

Si        Xl       <5e        Ea        Y       Ca      Ag      te     S^a     Mn,  Ou,  So,  W, 
20-18     224     40-86     15-11     046     6*15     0-22     1-83     1-46  462 

loss  by  ignition  7-86=99-44. 

The  production  of  chlorine  on  heating  with  muriatic  acid 
shows  that  the  mineral  contains  the  cerium  either  wholly  or  in 
part,  as  peroxyd.  The  mineral  appears  therefore  to  be  a  hydrous 
silicate  of  the  peroxyds  of  cerium  and  lanthanum  and  of  lime. 

This  mineral  is  from  the  island  of  Lamo  near  Breyig  in  Nor- 
way, and  occurs  with  leucophane  and  mosandrite  in  a  coarse 
syenite. 

2.  Catapleiite,  (Weibye  and  Sjogren,  ibid.)— Probably  mono- 
clinic  ;  found  only  in  imperfect  prismatic  crystals  of  120^  nearly, 
showing  sometimes  traces  of  other  vertical  faces.  Cleavage  basal, 
perfect.  Surfaces  smooth,  with  little  lustre ;  on  fracture,  weak 
vitreous.  Color  light  yellowish  brown.  Streak  isabella-yellow. 
Opaque.  H.  near  that  of  feldspar ;  G. =28.  B.B.  in  the  platinum 
forceps  fuses  easily  to  a  white  enamel ;  with  borax  dissolves  with 
difficulty  to  a  clear  colorless  glass ;  cobalt  solution  colored  blue. 
Dissolves  easily  in  muriatic  acid,  when  pulverized,  without  gela- 
tinizing.   Composition  according  to  Sjogren  : — 


5i 

1  46-83 

2  46-52 

29-81 
29-83 

21 
0-45 
1-40 

*^a 
10-83 
10-06 

Ca 
8-61 
4-66 

0-63 
0-49 

8-86 
9-05 

Oxygen,    2416 

7-72 

0-66 

2-68 

1-88 

Oil 

804 

*  In  the  writer*8  treatise  on  Mineralogy  (third  edition),  which  left  the  press  in 
May  last,  the  science  of  Minerals  is  posted  up,  as  far  as  could  be  done  in  this  coun- 
try, to  the  time  of  its  publication.  The  author  proposes  to  continue  his  appendix 
to  that  work  in  this  Joiunal,  giving  in  each  yolume  an  abstract  of  all  the  mineral 
information  which  has  been  received  through  the  different  foreign  and  American 
pablications.  j.  d.  d. 
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Whence  for  the  protoxyds,  peroxyds,  silica  and  water,  4*02 : 8-37 : 
2416  :  804=  1:2:6:2,  giving  the  formula 

3(]ffa,  Ca)  5i+3r»  Bi»+6fl. 

The  earth  called  zirconia  was  proved  to  be  identical  with  the 
zirconia  of  the  Fredericksvarn  zircon.     Whether  it  may  not  be 
the  allied  earth  Noria,  it  is  at  present  difficult  to  determine. 
This  mineral  is  associated  with  the  Tritomite. 

3.  Atheriastite,  (Weibye  and  Berlin,  ibid.) — ^Dimetric.  In 
square  or  eight  sided  prisms  terminating  in  a  pyramid  having  the 
terminal  angle  135*^.  Cleavage  lateral,  perfect,  surfaces  even  and 
smooth,  but  not  shining.  Color  verdigris-green,  commonly  some- 
what dirty;  streak  greenish-gray.  Opaque.  Fracture  uneven 
and  splintery.  B.B.  in  the  forceps  intumesces,  and  fuses  easily  to 
a  dull  brown  glass.  In  fine  powder  slightly  decomposed  in  mu- 
riatic acid.    Composition  according  to  Berlin : — 

Si  m  Oti         ilLg         Pe  iSHn         ti 

8800         24-10         22-64        280        482         0*78         (JiJS 

Oxygen.  19-78        11-26  6*47         110        1*07        0*17        «-22 

This  gives  for  the  oxygen  of  the  protoxyds,  peroxyds,  silica  and 
water.  881 :  11-25  :  19-73  :  6-22,  whence  the  author  deduces  the 
formula  4ft«  Bi+53tlSi+9]^  or,  as  more  probable,  2ft3  gi-|-8XiSi  +  4fi. 
From  an  iron  mine  near  Arendal,  in  granite  with  black  garnet 
and  Keilhauite.  It  had  been  taken  for  scapolite.  [Is  it  not  still 
possible  that  the  mineral  may  be  an  altered  scapolite  ?  The  an- 
gle of  the  pyramid  of  scapolite  is  136^,  which  is  very  near  that 
given  for  the  Atheriastite.] 

4.  EuDNOPHiTE,  (Weibye,  von  Borck,  and  Berlin, 
ibid. ) — Trimetric.  Crystals  rhombic  prisms  of  about 
130^ ;  0 :  d .- 130°  *.  Cleavage,  basal  perfect ;  diag- 
onals less  perfect.  Cleavage  face  somewhat  pearly. 
Also  granular  massive,  and  sometimes  having  a 
feathery  arrangement.  Color  white,  to  gray  or 
brown.  Subtranslucent  to  translucent.  H.=:5'5. 
G.  —2*27.  B. B.  fuses  to  a  clear  colorless  glass.  Pul- 
verized forms  a  jelly  with  muriatic  acid.  Composi- 
tion according  to  von  Borck  and  Berlin : — 

1  64-98  26-69  1406  8-29=100^7 

2  6606  28-12  1406  816=100-41 

This  gives  the  formula  of  analcime,  SaaSia+sfiSi'+eft,  and 
the  compound  is  therefore  dimorphous.  Found  with  leucophane 
on  the  island  of  Lamo,  Norway,  in  syenite. 

*  The  angle  between  d  and  «  \b  given  at  120^ ;  and  if  this  be  right  the  yertica] 
prism  (d :  d)  must  also  have  an  angle  of  1 20°. — D. 
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5.  DfLLNiTS,  associated  with  Diaspore,  (A.  Hutzelmann,  cited 
in  Pogg.,  Ixxviii,  576,  from  the  Bulletin  of  the  Freunden  der 
Natiirwiss.  in  Vienna.) — There  are  three  substances  forming  to- 
gether the  gangue  of  the  diaspore  of  Schemnitz: — ^One  {A)  is 
gray,  slightly  greenish,  with  a  weak  greasy  lustre  and  faint  trans- 
lucence;  H.=2-6-3*0,-  G.  =2-735.  A  second  (B)  is  white, 
opaque,  with  an  even  and  flat  conchoidal  fracture,  and  firm; 
H.  =  3-5;  G.= 2*835.  Adheres  a  little  to  the  tongue.  A  third 
(C)  is  white,  opaque,  earthy;  H.=l-8— 20;  G.  ==2-574  Ad- 
heres strongly  to  the  tongue.  The  first  and  third  have  been  an- 
alyzed by  Karafiat,  the  second  by  Hutzelmann,  as  follows : 

§i  atl  Ca  A^  te  An  tA^a  fi 

A.  49-60  27-45  5-66  0-72  I'OS  trace  10-20  5-10=  99-66 

B.  22-40  66-40  trac^  0*44  trace  trace  trace  2118=100-87 

C.  23-58  53-00  0*88  1*76  2006=  99-22 

Excluding  the  magnesia  and  reducing  to  a  per-centage,  B  and 
C  become 

Si  Si  ft 

B.  22-41  66-46  2114 

C.  24-36  64-88  20*76 

The  first  (A)  is  near  agalmatolite,  whose  formula  is 
t.  Si+2il2  Sia+sfi. 
The  other  two  are  probably  identical,  and  to  these  the  name 
Dillnite  is  applied.  Haidinger  deduces  the  formula  iia  Si+4fl= 
Silica  24*97,  alumina  55*56,  water  19-47;  and  this  he  observes 
may  be  resolved  into  £lSi+2£[,  the  formula  of  nacrite  and  much 
kaolin,  and  £lfi3,  a  hydrated  alumina.  [The  formula  £l3gi-f  4i^ 
is  still  nearer  C,  giving  silica  24-39,  alumina  54*23,  water  21-38.] 

The  diaspore  of  this  locality  has  the  specific  gravity  3-340. 

6.  Brongniabdite,  (M.  A.  Damour,  Ann.  des  Mines,  [4],  xvi, 
227.) — Brongniardite  is  an  ore  of  antimony,  lead  and  silver,  from 
the  mines  of  Mexico,  whence  it  was  brought  by  M.  de  Castelnau. 
The  specimen  was  a  compact  mass  weighing  about  15}  pounds, 
and  having  one  surface  sprinkled  with  pyrites.  The  following 
are  its  characters : — Massive,  without  cleavage.  Lustre  metallic, 
resembling  that  of  polybasite  or  bournonite.  Streak- powder 
grayish-black.  Hardness  above  that  of  calcite,  but  scratched  by 
a  point  of  iron.     Specific  gravity  at  18^  C,  5-950. 

B.B.  on  charcoal,  decrepitates,  fuses  easily  at  a  temperature  be- 
low red  heat,  giving  off  an  odor  of  sulphur  and  white  vapors. 
After  roasting,  it  yields  a  globule  of  silver,  surrounded  with  a 
yellow  areola  of  oxyd  of  lead.  In  a  closed  tube,  decrepitates, 
fuses  and  affords  a  feeble  sublimate  of  a  reddish  orange  color, 
surmounted  by  a  white  sublimate.  In  an  open  tube  decrepitates, 
fuses,  and  affords  an  odor  of  sulphur,  and  a  white  sublimate  of 
peroxyd  of  antimony  covers  the  walls  of  the  tube.  Rapidly  at- 
tacked by  concentric  nitric  acid,  disengaging  nitrous  vapors  and 
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depositing  sulphur,  oxyd  of  antimony  and  sulphate  of  lead. 
With  dilute  acid  there  is  a  slow  action  yielding  vapors  of  sulphu- 
retted hydrogen  ;  the  silver  and  lead  are  partially  dissolved,  and 
there  is  a  gray  deposit  in  small  needles  of  sulphuret  and  oxyd  of 
antimony  retaining  a  notable  proportion  of  lead  and  silver.  At* 
tacked  also  by  chlorohydric  acid,  and  when  pulverized  by  a  boil- 
ing lye  of  caustic  potash.     Composition : — 


S 

Sb 

Apr 

Pb 

Cu 

Fe 

Zn 

1. 

19-38 

29-96 

26-03 

24-74 

0-54 

0-80 

0-40  =  100-84 

2. 

19-21 

29-60 

24-46 

26-05 

0-61 

0-26 

0-32=   99-51 

8. 

1914 

29-75 

24-81 

24-94 

0-70 

0-22 

0-87=    99-98 

The  result  gives  the  formula  Pb  S+Ag  S+Sb  S'  [equivalent 
to  2{Pb,  Ag)S  +  Sb  S^]  =  Sulphur  19  08,  antimony  30*66,  silver 
25-65,  lead  24  61  =  100. 

M.  Damour  observes  that  the  composition  approaches  most 
nearly  that  of  the  Schilfglaserz  (Freislebenite),  the  mean  of  two 
analyses  of  which  by  Wohler,  is,  S  1874,  Sb  27-38,  Ag  22-93, 
Pb  30-27= 99-32. 

[The  formula  is  identical  in  general  character  with  that  of 
feather  ore  (heteromorphite  of  Rammelsberg),  it  differing  only  in 
having  half  the  lead  replaced  by  silver.  Wohler's  formula  for  the 
Freislebenite  corresponds  to7(Pb,  Ag)S+3Sb  S»  or2J(Pb,Ag)S 
+Sb  S%  the  silver  and  lead  being  in  the  proportions  of  3  to  4*] 

II.  Described  Species. 

Dolomite  from  the  Muschelkalk  near  Saarbriicken,  (R.  Wil- 
denstein,  J.  fur  prakt.  Chem.,  xlix,  154,  1850.) — This  dolomite  is 
crystalline  granular,  and  yellowish  gray  in  color.  G.  =2*753. 
Composition  according  to  Wildenstein : — 

G  46-80  Ca  80-50  Slg  20-18  *'e  1-17  i  trace,  Clay  and  aand  1*88  =  99-98 
or  Ca  054-47,      iSlg  (341-62,      ^e  C  1-88,      it  trace,    Clay  and  sand  1-88  =  99-85 

Dolomite  from  the  zinc  mines  of  Altenberg  near  Aix  la  Chap- 
elle,  (K.  Monheim,  cited  by  J.  f  pr.  Chem.,  xlix,  318,  from  Ver- 
handl.  des  nat.  Vereines  der  preuss.  Rheinlande,  v.,  41.) — Com- 
position : — 

Ca  C  54-31,    ilg  6  43-26,    2nG  1-88.     te G  0-99,     flnC  0-66,     Si  0-48=100-98, 

correspotiding  to  equal  equivalents  of  carbonate  of  lime  and  car- 
bonate of  the  other  bases. 

Green  Spathic  Iron  from  near  the  zinc  mines  of  Altenberg, 
(K.  Monheim,  ibid,  xlix,  318,  from  the  same.) — The  crystals  have 
t^le  specific  gravity  3-60.    Composition  according  to  Monheim : — 

te  G  6404,     An  G  1656     Ca  G  20*22     Si  1-10=101-92, 

*  9(Pb.  Ag)S+4SbS3  or  2i(Pb,  Ag)S+SbS3  is  even  nearer  the  analysis  of 
freislebenite,  it  giving. 

Sulphur  18-65,  antunony  2865,  silver  2818,  lead  29-57=100.— D. 
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This  corresponds  to  ste  C+ifibi  C+sfia  0.  The  mineral  resembles 
the  kapnite,  a  calamine  containing  over  16  per  cent,  of  carbonate 
of  iron  (zinkeisenspath,  of  the  Germans). 

Electric  Calamine  from  Altenberg,  and  from  Retzbanya, 
Hungary. — Analyses  by  K.  Monheim,  (ibid,  xlix,  319,  from  the 
same.) 


/ 

5i 

Zn 

Pe 

6 

fl 

1. 

Altenberg,  milky  cryst 
limpid     « 

24-81 

66-74 

0-43 

0-81 

7-61=  98-80 

2. 

25-40 

67-06 



0-81 

7-47=100-23 

3. 

Retzbanya, 

26-84 

67-02 

0-68 

0*86 

7-66=100-97 

rZnfl 

MnC 

feO 

figO 

1. 

86-78 

7-62 

2-24 

4-44 

2. 

74-42 

14-98 

8-20 

8-88 

8. 

84-92 

6-80 

1-58 

2-84 

The  results  sustain  the  formula  deduced  by  Berzelius,  22ai*  Si+sfi. 
Specific  gravity  of  the  Altenberg  mineral,  3*43,  3-46,  3-47,  3-49. 

Manganesian  Calamine, — ^Analyses  by  K.  Monheim,  (ibid, 
xlix,  382,  from  the  same) ;  1,  from  Herrenberge  near  Riom,  in  pale 
green  rhombohedrons ;  G.=4-03.  2,  ibid,  dull  green,  G.  =  2'98, 
3,  from  Altenberg,  G.=^4-20. 

Cafl 

0-98,  Si  0-09,  fi  ^ac<f=101-16 
1-68,  Si  0-20,  fi  0-56  =  9812 
1-58,  Electric  calamine,  1-85=  99*57 

Nontronitefrom  Andreasberg, — Composition  according  to  Meh- 
ner,  (J.  f.  pr.  Ch.,  xlix,  382,  from  Trommsdorff's  J.,  xii,  27, 1826): 

Si  J?e         *1        Ca         J'e         fl 

40-495     88-705     1096     1112     2-259     21-816=100-482.     G.=2-887 

Pyrophyllite  from  Westand,  (N.  J.  Berlin,  Pogg.,  Ixxviii,  414.) 
— This  pyrophyllite  occurs  in  a  quartzose  gangue  along  with  mi- 
caceous iron  ore.     G.  =2-78 — ^2*79.     Analyses  by  Berlin  : — 

gi  Xl         3Pe        Ca       Slg        Sin        fi 

1.  67-77       25-17       082       066       026       0-50       5-82=101-00 

2.  66-61       26-09  >   070       069       009       0*09       708=100-85 

Oxygen,  84-09  .  1242  629 

In  three  other  trials,  the  water  came  out  562,  6-77,  7*29.  Ber- 
lin deduces  the  formula  3ti2  3i6+2fi= Silica  6566,  alumina 29*22, 
water  512.  The  result  is  very  near  Rammelsberg's,  who  sug- 
gested the  same  formula,  and  also  as  equally  probable,  XlSi3-ffl= 
Silica  69  65,  alumina  2573,  water  4  62.  The  composition,  as 
stated  by  Berlin,  is  the  same  with  that  of  an  agalmatolite  analyzed 
by  Walmstedt;  and  Rammelsberg  remarks  upon  its  approximation 
to  cimolite. 

Stilbite  of  Gustafsberg,  Sweden^  and  Barbro  Mine,  Norway^ 
(ibid,  415).     Analyses  by  Sjogren  : 
Si  Xi         Pe         6a         ti 

57-41         1614         0-25         875         16-60  =  99-15 

58-41         16-56        7-89         16-53,  %,Jiln,  alkalies,  0-54=99*98 

The  mineral  was  dried  in  powder  at  100  C.  over  sulphuric  acid ; 
and  in  this  way,  he  found  the  water  to  correspond  with  the  usual 
formula,  instead  of  18  to  19  p.  c,  as  in  many  other  analyses. 

Skooxd  Snuss,  Vol  X,  No.  29.— Sepi,  1850.  82 
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1. 

61-61 

1906 

2. 

60-28 

16-42 

8. 

68-76 

18-47 

4. 

60-00 

16-6 

5. 

68-87 

16-60 
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SodaKie  /rem  the  Island  Lamo  near  Brevig  in  Ncrwayj 
(Pogg.  Ann.,  Ixxviii,  413.)  This  lavender  blue  mineral  has  been 
mistaken  for  glaucolite.  It  occurs  in  nodular  masses  in  elaeolite, 
and  sometimes  has  a  crust  of  the  latter  mineral.  Composition 
according  to  von  Bore : — 

Si       3ti      *ra      fi:      <5a     Ag  

88-86  80*82  22^8  0*61  121  0*44,  with  <race  of  Sn,  Hn,  W,  Mo,  and  chlorine 
tmdetermined  =98-87. 

A  Red  Zeolite  from  near  Upsala,  SxDeden^  (N.  J.  Berlin,  Pogg., 
Ixxviii,  415.) — The  red  zeolite  of  Upsala  resembles  that  of  .Edel- 
fors.  The  following  are  analyses;  1,  of  the  Upsala  mineral  by 
Sjogren;  2,  of  that  of.£delforsby  Retzius;  3,  the  same  by  Hisin- 
ger;  4,  a  similar  mineral  from  Fahlun  by  Hisinger;  and  5,  an- 
other from  Martenberg  by  the  same. 

3i  &  9e         6i  ]S[ 

2-96  12-68  14-02=100-18 

4-16  818  11-07=  99-11 

4-02  10-90  11-28=  98-8S 

1-8  8-0  11-6  =  97-0 

2-36  1800  10-67=  96*90 

Berlin  deduces  for  the  Upsala  mineral,  the  formula 

Cas  a2-|-8il5i«+12fi: 

s=Silica  61-63,  alumina  21-49,  lime  11-92,   water  16-06=100. 
This  is  Gerhardt's  formula  for  laumonite. 

Berlin  suggests  that  the  other  minerals  may  be  the  same  spe- 
cies and  that  the  difference  is  due  to  an  excess  of  silica  from 
mixed  quartz* 

Hyposclerite,  (C.  Rammelsberg,  Pogg.,  Ixzix,  306.) — This 
mineral  from  Arendal  was  named  and  described  by  Breithaupt 
and  analyzed  by  Hermann  ;  the  latter  obtained  the  oxygen  ratio 
1:2:6  and  formula  It3  Si2^2£i§i3.  Rammelsberg  has  arrived 
at  a  very  different  result,  and  for  comparison  Hermann's  analysis 
is  also  inserted  in  this  place.  G.=2-61,  Breithaupt;  2*66,  Her^ 
mann ;  263 — 2*66,  Rammelsberg. 

Si        XI     Pe    Ca    Aff  An    Sa      t 

1.  Heim,  66-48  2170  0*76  483  8-39  089     6*79  266,    Ce A ta 2, ign.*  1-87=99-80 

2.  RamnL,  6762  1669  2-80  086  146  10*24  0*61,    ign.  0-69=100-26. 

Rammelsberg  thus  shows  that  the  species  is  nothing  but  albite, 
giving  the  ratio  1:3:  12,  or  more  exactly  1-26 :  3 :  12-6.  Allow- 
ing for  a  small  admixture  with  pyroxene  the  slight  discrepancy 
that  exists  is  removed. 

Castor  and  Petalite  identical,  (G.  Rose,  Pogg.,  Ixxix,  162.) — 
G.  Rose  in  this  memoir  shows  that  castor  and  petalite  are  iden- 
tical in  cleavage,  hardness  and  physical  characters,  corresponding 
to  their  close  approximation  in  chemical  composition.     From  a 

*  The  expression  t^  in  this  and  other  places,  stands  for  "  loss  by  ignition." 
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specimen  in  the  Berlin  Royal  Museum  he  obtained  the  angle 
129^,  near  that  given  by  Breithaupt ;  but  one  of  the  planes  (P) 
was  not  a  cleavage  plane.  The  other  plane  (M)  was  transversely 
striated  and  a  second  cleavage  was  found  parallel  to  the  striations, 
which  gave  with  M  the  angle  14P  32'-141°  35'.  This  angle  is 
the  same  observed  in  petalite,  and  this  was  confirmed  from  speci- 
mens by  Prof.  Rose,  who  obtained  141^  35  to  142o  Petalite 
affords  in  the  same  zone  on  the  other  side  of  M  still  a  third  cleav- 
age (imp)erfect,  however,)  which  according  to  Breithaupt  forms 
with  M  the  angle  117° ;  but  this  was  not  detected  with  certainty  in 
the  mineral  castor ;  the  largest  specimen  in  hand  was  but  five  lines 
long.     The  following  results  show  the  similarity  in  composition. 

5i  il         Li       ]5ra 

1.  Petalite,  '77*067     18000    2660     2-273=100.    Hagen. 

2.  Castor,    78012     18-866     Li  and  trace  of  tl5fa  2760, 3Pe  061 8=1 00*241,  Plattner. 

The  characters  with  the  blowpipe  and  acids  are  also  similar. 

Manganesian  Idocrase^  (M.  Websky,  Pogg.,  Ixxix,  166.)— 
This  idocrase  is  associated  with  a  mangan-epidote,  heteroclin 
and  a  fusible  mica  in  quartz,  at  St.  Marcel  in  Piedmont.  The 
crystals  are  like  those  of  ordinary  idocrase.  Color  sulphur  to 
honey  yellow ;  streak  white.  Glass  of  borax  with  a  small  por- 
tion of  the  mineral  becomes  readily  in  the  oxydation  fiame  of  an 
amethystine  color ;  and  in  the  reduction  flame  with  tin  there  is  a 
weak  iron  reaction. 

Thulitefrom  the  Iron  Mine  Klodeberg  near  Arendal^  Norway j 
(N.  J.  Berlin,  Pogg.,  Ixxviii,  414.) — The  thulite  of  this  locality 
resembles  rhodonite ;  it  occurs  massive,  with  a  splintery  fracture 
and  fine  rose-red  color.  G.=.3'34  Composition  according  to 
Berlin : — 

Si  il         J?e         Ca        SLg        An        V         ign. 

40-28       31-84       1-64       2142       0*66       0*96       022      1-82     =98-28; 

the  alkali  was  undetermined.     The  constitution  is  that  of  epidole. 

Allanite  from  Krux  near  Schmiedefeld  in  Thuringer-  Waldj 
(H.  Credner,  of  Gotha,  Pogg.,  Ixxix,  144.) — The  allanite  occurs 
in  a  coarse  granite,  and  also  along  with  crystals  of  specular 
iron,  overlaid  by  calcite  and  fluor  sf)ar,  in  a  bed  of  magnetic 
iron  ore.  It  is  either  massive  or  crystallized.  H.=6j^  to  6. 
G.=t  3-790,  mean  of  four  determinations.  Not  magnetic.  Color 
jet  black,  with  a  faint  greenish  tinge.  Streak  and  powder  green- 
ish-gray, inclining  somewhat  to  brownish  yellow.  B.R  on  char- 
coal fuses  with  little  intumescence  to  a  black  shining  globule  ; 
with  borax,  and  more  distinctly  still  with  salt  of  phosphorus,  gives 
in  either  flame  a  brownish  yellow  glass  which  is  colorless  when 
cold,  and  with  the  latter  reagent  leaves  a  silica  skeleton.  In  a 
matrass  yields  some  water,  without  changing  color.  Not  decern^ 
posed  by  muriatic  acid.    Composition  accoi^g  to  Credner : — 
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Bi         XI       Ea       Ce      t        *e      An       Ca      Sg      fl 

1.  86-82     16-94         13-82  1711  056     HSi    0-86     0-28=100-78 

2.  87-65     15-99     9-80     319     0*66     16-88     0-23     1860     0-22     180=  99-27 

The  proportion  of  silica  is  larger  than  in  other  alianites,  and 
that  of  oxyds  of  cerium  and  lanthanum  less.  Credner  observes 
that  Scheerer  obtained  the  oxygen  ratio  for  protoxyds,  peroxyds 
and  silica  2:3:5,  but  that  his  result  agrees  more  nearly  with 
2:3:6.  [Scheerer's  formula  for  his  allanite  was  8&3  §i+2»  gi, 
corresponding  to  the  ratio  3:2:5.  Rammelsberg  has  since  ex- 
amined the  orthite  of  Hitteroe  and  obtained  the  ratio  1:1:2, 
by  special  investigation  with  respect  to  the  state  of  oxydation  of 
the  bases.  If  so  much  of  the  iron  in  the  first  of  the  preceding 
analyses  be  considered  peroxyd  as  will  give  the  ratio  1 : 2  between 
the  oxygen  of  the  alumina  and  silica,  the  other  bases  in  the  analy- 
sis being  taken  as  protoxyd,  make  very  nearly  the  amount  neces- 
sary to  afford  the  ratio  1:1:2;  calculation  giving  for  the  oxygen 
9-30  :  9-56  :  1913.] 

On  the  Minerahgical  and  Chemical  composition  of  some 
Rocks;  by  M.  Delesse,  (Ann.  des  Mines,  [4]  xvi,  233,  323.)— 
1.  Quartzi/erous  porphyry;  a,  a  variety  from  MontreHiUon^  dis- 
trict of  Chateau- Chinon^  containing  quartz  in  small  dodecahedral 
crystals,  and  lamellar  macles  of  white  orthoclase,  a  little  red 
andesite  and  a  green  mica,  disseminated  through  a  whitish  or 
greenish  white  feldspathic  paste. — b,  a  variety  from  near  SaU" 
Heu  [Cote-d^OrA  containing  grains  of  hyaline  quartz,  some 
orthoclase  in  reddish  lamellar  crystals,  in  a  brownish  red  feld- 
spathic base. 

Si  Si         9e  Sn         6a      fi;]^a,j[g,     ign. 

a.  71-7         15  0         2-9        0-4        (diffi)  88         1*2         =100 

h.  77-5         12-9        2-5        traces        0*4  "    6-7        —         =100 

2.  Feldspar  of  a  Euphotide  ;  a,  from  Mount  Genevre ;  hjfrom 
Odem  in  the  Vos^es. — The  feldspar  in  each  case  is  in  lamellar 
macled  crystals  of  the  triclinic  system,  and  has  a  white  or  green- 
ish color. 

Si         Xl       Mn      te       Ca       ftg     S'a      4        ign. 

a.  (mean)  49-78     2965     trace    0*86     1118     0"56     404    0-24     876     =100 

b.  "       56-28     24  24  3Pe  111       686     1'48    488     3-08     8-06     =  99*88 

The  specimens  were  not  wholly  free  from  talc  and  minute  veins 
of  serpentine  matters.  The  latter  had  a  neater  cleavage  than  is 
usual  with  the  feldspar  of  euphotide,  yet  was  impure  also  with 
some  carbonate,  probably  a  carbonate  of  iron,  lime  and  magnesia. 
Delesse  observes  that  a  large  proportion  of  silica  and  alkalies  with 
less  of  alumina  and  lime  explains  the  neater  cleavage.  He  de- 
duces for  the  ft,  fi  and  Si  of  No.  6,  the  oxygen  ratio  1:3:7. 
It  is  evident  that  the  feldspar  of  euphotide  differs  in  species,  and 
is  not  always  labradorite  as  Boulanger  supposed ;  it  sometimes 
approaches  labradorite,  sometimes  anorthite,  and  sometimes  other 
varieties  of  feldspar. 
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3.  DiaUage  of  the  Euphotide  of  Odem. — The  diallage  is  in 
olive  green  crystalline  lamellae.  It  fuses  before  the  blowpipe 
with  very  great  difficulty,  much  greater  than  the  feldspar  associ- 
ated with  it.     It  aiforded 

5i  3tl  ^  f'e         An  Ca  Ag       ign. 

49-30         6-50        0-80         948         O'Sl         16-43         17-61       0-86=98-98 

Delesse  observes  that  it  approaches  hornblende,  especially  that 
from  Nordmark  analyzed  by  Bonsdorff.  The  chromic  acid  he 
believes  to  be  chemically  combined  in  the  mineral.  He  deduces 
the  formula  fta  Si^,  which  is  the  formula  of  the  species  pyrox- 
ene. The  oxygen  for  the  protoxyds,  peroxyds  and  silica  equals 
13*51  :  2*66  :  25*61 ;  and  supposing  the  alumina  to  replace  the 
silica,  the  ratio  1 :  2,  characteristic  of  pyroxene,  is  given.  This 
ratio  is  more  exact  when  silica  and  alumina  replace  one  another 
in  the  ratio  of  3*1 :  2§L 

4.  Talc  of  the  Odem  Euphotide, — This  talc  is  in  imperfectly 
radiated  translucent  lamellae,  often  more  than  a  centimetre  in 
length,  and  constitutes  compact  masses  which  cut  like  a  soap- 
stone.    Composition : — 

§i  *1  te  An  Ca         Slg(diff)         ign. 

69-61         0-81         8-95         0*56         288  28-41  8-78=100 

This  result  shows,  Delesse  observes,  that  it  is  near  that  from 
Little  St.  Bernard,  analyzed  by  Berthier,  and  may  be  represented 
by  the  pyroxene  formula  fia  §12. 

[The  oxygen  of  the  protoxyds  and  silica  equals  12*99  :  30*97 
( =  1  :  2*38)  with  0-38  for  that  of  the  alumina.  The  ratio  cor- 
responding is  3  :  7,  (the  alumina  being  excluded,)  which  is  equiv- 
alent to  Mg9  Si7.  The  ratio  4 :  9  ( =  1 :  2*25)  which  differs  but  lit- 
tle from  the  result,  affords  the  formula  Sig*  §13,  which  has  been 
found  for  other  varieties  of  talc] 

5.  Serpentine  of  the  Euphotide  of  Odern, — The  serpentine  is 
sometimes  in  veins  as  if  subsequently  filled  into  fissures,  and 
sometimes  in  nodules  within  feldspar,  or  so  graduates  into  feld- 
spar that  it  seems  to  have  been  formed  at  the  expense  of  this 
mineral  or  of  the  euphotide  as  a  whole,  by  a  species  of  meta- 
morphism. 

6.  Hornblende  of  the  Diorite  of  Pont  Jean^  valley  of  the  Mo- 
selle, near  St.  Maurice  in  the  Vosges. — This  hornblende  is  fibrous 
and  of  a  fine  green  color  and  forms  lamellar  masses.  G.= 3*059. 
Composition : — 

§i        3fcl       ^r      te     An       Ca    ]ilj?(diffi)      iff  a      fe       ign. 
60  04     8-95     0*24     9-69     0  20     11-48      1802         0-81     008     0-69=100 

The  soda  is  attributed  to  feldsf)ar  which  was  detected  in  the  min- 
eral with  a  lens. 

7.  Feldspar  of  the  Diorite  of  Pont  Jean. — The  hornblende  is 
associated  with  a  greenish  feldspathic  paste  containing  striated 
crystalline  tables  of  a  triclinic  feldspar,  which  sometimes  have  a 
radiated  arrangement.    B.B.  more  fusible  than  the  hornblende,  as 
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usual  with  the  feldspar  of  diorites ;  attacked  by  sulphuric  acid. 
Composition : — 

gi  %  ]^e        liln        da        l^g       ^a         &        ign. 

68-06       28-66       0-90       trace      6-87       1-61       4-12       2*80       2-40=«9-81 

It  is  a  variety  of  labradorite.  Deiesse  concUides  that  the  radiated 
structure  is  found  more  especially  in  feldspars  containing  the 
smaller  proportions  of  silica. 

8.  Aphanite  of  Saint-Bresson  [HatUe-Scbdne.) — The  color  is 
deep  green,  verging  towards  grayish  black.  It  is  very  tough  and 
compact.  It  fuses  easily  in  a  glass  furnace  and  affords  an  obsid- 
ian about  as  hard  as  that  of  feldspar.  G.  =2-968.    Composition : — 

gi         ^l,Pe        "t&xi  Ca      liCgCdifi^)    ]!fa  £  ign. 

46-83         30-83         trace        9*55         686         867         0-87         1-99=100 

The  small  proportion  of  silica  is  worthy  of  note.  The  main  in- 
gredient is  a  feldspathic  paste,  which  it  is  difficult  to  assign  to 
any  species. 

9.  Andesite  of  the  DioHte  of  Faymoni, — Lustre  a  little  greasy 
and  with  the  other  characters  of  andesite.    Composition : — 

Si  ^  9e  Ca        ]^a,£,(di£)        ign. 

69-38  26-67  trace  6*60  7*80  126=100 

The  crystals  are  often  penetrated  or  enclosed  by  quartz,  showing 
that  they  were  formed  amid  an  excess  of  silica. 

10.  Hornblende  of  the  Diorite  of  Faymont, — Occurs  in  black 
lustrous  laminee  and  in  crystals.    Composition  : — 

gi  Jtl  ^e  Ca  &g(<M)     Alkalies         ign. 

41-99         11-86         22-22         965  1269  182  0*47=100 

Associated  with  the  hornblende,  there  is  sometimes  black  mica, 
pyrites,  a  little  magnetic  iron,  and  sphene. 

11.  Feldspar  of  the  porphyry  of  Schirmeck. — This  feldspar  is 
in  tables,  oblong  and  striated,  and  pertains  to  the  triclinic  systenL 
It  is  slightly  greenish  and  a  little  pearly  in  lustre.  G. =2*686. 
Composition : — 

Si  S:\Pe  Ca  S^a,tS[g(<iiff:)  ign. 

65-74  18-49  4-17  1060  100=100 

Deiesse  considers  it  an  oligoclase,  judging  from  the  proportion  of 
silica  and  amount  of  lime.* 

Wolfram. — Analyses  by  Robert  Schneider  of  Halle,  (J.  f.  pr. 
Chem.,  xlix,  322.) 

W      *e       Sn    Ca    iSlg 

1.  Zinnwald,  7601     981  1890  119  =100^1=2teW+sinW. 

«.  Hartz,MineGlasebach,  7604  19-61  4*98  0*28  trace  =100i)2=4f*eW+iljiW. 
8.  Hartz, Mine Pfaffenberg,  76-21  18-64  623  040  0*86  =100-74=4i'eW+S[nW. 
4.  Hartz,MineMeiseberg,    76-26  20-27     8-96  0-28  0-16    =100^1=6i'eW+i[nW. 

♦  M.  Deiesse  states  in  a  note  that  geologists  wishing  collections  of  the  rocks  of 
the  Vosges  described  in  his  memoirs,  can  obtain  them  by  addressing  M.  Mareine, 
oonducteur  des  ponts-et-chaoss^es,  k  Remiremont  ( Voagea.)  He  will  giye  full  labels 
with  the  specimens,  and  clu^ges  the  moderate  sum  of  80  fraoos  for  100  6pecimen& 
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This  last  result  is  the  mean  of  three  analyses;   the  per-cent- 

age  relation  for  the  formula  is,  W  76-36,  Fe  1974,  Mn  3-90  =  100. 
Schneider  concludes  from  his  investigations  that  the  true  view 
of  the  composition  of  Wolfram  is  expressed  by  the  genera  form- 
ula R  W,  making  wolframic  or  tungstic  acid  to  contain  three 
atoms  of  oxygen. 

Native  Copper  containing  Silver  from  Chili,  (M.  F.  Field, 
duart.  J.  Chem.  Soc,  No.  ix,  iii,  29.) — A  native  copper  from  a 
mine  about  twenty  leagues  east  of  Coquimbo  and  six  from  the 
Cordillera  of  the  Andes,  afforded  Mr.  Field  for  one  specimen, 
Copper  98-91,  silver  1-09=100;  for  a  second,  of  a  whitish  color, 
Copper  92-4,  silver  7-6  =  100. 

Native  Gold, — ^Analyses  by  A.  Level,  (Ann.  Ch.  Phys.,  [3] 
xxvii,  310.) 

Gold.       Silver.       Copper.   Ratio  of  Au  to  Ag. 

1.  Senegal,  grains,  84*50        16*80  0  20  6 :  l=Au  84*6 

2.  "  large  scales,  86*80  11*80  0*90  8 :  1=  880 
8.  N.  America,  grains,  9100  8*70  0*80  12 :  1=  91*6 
4.  California,  a  piece,  92*'70  6*90  0*40  14 :  1=  92*7 
6.  Senegal,  irregular  grains,  94*00  5*85  Plat.  0*15  18:1=  94*2 
«.  A  piece,  loc.  not  given.  98*80  1*70  58:1=  981 

On  the  Meteoric  Iron  of  Zacatecas  ;  by  Dr.  C.  Bergemann  of 
Bonn.,  (Pogg.  Ann.,  Ixxviii,  406.) — The  Zacatecas  meteorite, 
which  has  been  described  by  Sonneschmidt,  Humboldt,  and  oth- 
ers, has  been  recently  analyzed  by  Dr.  Bergemann.  The  mass 
weighs  over  20  cwt.  It  has  a  light  steel  gray  color  within,  a 
hackley  fracture,  and  the  crystalline  figures  are  small  and  irregu- 
lar. Specific  gravity  according  to  Bergemann  7'4891,  at  9°  C, 
which  agrees  with  the  determinations  by  Burkart  and  Rumler. 
Analysis  gave  for  its  composition : 


Fe       Ni       Co       Cu       Mg      Mn      0          S    CAaHttleFe  Fe,Ni,P 

JeSr 

86-094  9*896    0*668    0*630    0*187   trace   0164   0*846         0*884           1*649 

1*482 

Dr.  Bergemann  thence  deduces  for  its  actual  constitution- 

Nickeliferous  iron, 93'77 

Magnetic  pyrites, 2*27 

Chromic  iron, 1-48 

Phosphuret  of  nickel  and  iron,        .         .        1-65 
Carbon, 049 

99-66 


Digiti 


zed  by  Google 


256  Sdentyic  Intelligence. 

SCIENTIFIC     INTELLIGENCE. 

I.  Chemistry  and  Physics. 

1.  On  the  Preparation  of  Metacetonic  Acid ;  by  Dr.  F.  Keller, 
(Chem.  Grazelle,  May  1st,  from  Liebig's  Annalen,  Feb.,  1850.) — A 
quantity  of  wheat  paste  is  mixed  with  ten  parts  of  water  at  122^-140^ 
F. ;  one  fourth  its  weight  of  scraps  of  leather  is  then  added  with  a 
quantity  of  chalk  and  the  whole  left  in  a  warm  place  to  ferment  At 
the  end  of  a  few  days  in  summer,  the  process  is  complete  and  a  light 
spongy  mass  subsides.  The  lime  salt  is  converted  into  a  soda  salt,  and 
the  acid  separated  by  sulphuric  acid,  is  found  to  be  a  mixture  of  oaeta- 
cetonic  with  acetic  acid.  These  are  separated  by  saturating  a  portion 
with  carbonate  of  soda,  adding  the  remainder  and  distilling  ofi*the  me- 
tacetonic acid,  which  by  this  process  is  readily  obtained  in  larg:e  quan- 
tities. T.  S.  Hunt. 

2.  On  the  Amid  Compounds  of  Tungsten  ;  by  Prof.  Wohlbr,  (Chem. 
Gazette,  May  1st,  from  Gottingen  Nachrichten,  1850.) — When  dry  am- 
monia is  passed  over  protochlorid  of  tungsten,  a  reaction  takes  place 
at  first  spontaneous  which  is  completed  by  the  aid  of  a  gentle  heat,  sal- 
ammoniac  and  hydrogen  gas  being  evolved.  The  product  is  a  black 
partially  fused  mass,  which  evolves  ammonia  when  heated  in  the  open 
air  and  finally  burns,  yielding  yellow  tungstic  Jicid.  Heated  to  white- 
ness in  a  charcoal  lined  crucible,  it  leaves  metallic  tungsten,  and  a  simi- 
lar result  is  obtained  in  a  current  of  hydrogen  gas  at  a  low  red  heat, 
ammonia  being  disengaged.  Fused  with  hydriodate  of  potash,  a  tungs- 
tate  is  formed  with  the  evolution  of  hydrogen  and  ammonia.  From  the 
results  of  analysis,  M.  VVohler  concludes,  that  there  are  two  very  simi- 
lar compounds,  a  nitruret  and  amidid  of  tungsten,  the  second  being 
a  product  of  the  decomposition  of  the  first  by  the  action  of  hydrogen, 
and  that  the  two  are  generally  obtained  in  a  state  of  admixture.  He 
represents  the  one  as  2W  N+WNH^  and  the  other  as  W^N+WNHj- 

The  action  of  ammonia  upon  tungstic  acid  at  a  low  red  heat  yields 
a  substance  resembling  the  latter  in  its  properties,  of  which  the  composi- 
tion is  represented  by  SWN-f-WaNHj-f^WOj.  Identical  with  or  very 
similar  to  this  is  the  product  obtained  by  igniting  out  of  contact  of  air 
a  mixture  of  tungstate  of  potash  with  chlorid  of  ammonium,  which  was 
a  long  time  since  described  by  the  author  as  the  black  oxyd  of  tungs- 
ten. It  however  evolves  hydrogen  and  ammonia  by  the  action  of  hy- 
drate of  potash,  and  even  when  heated  alone.  When  heated  to  white- 
ness in  a  close  vessel,  it  leaves  metallic  tungsten. 

Wohler  finds,  that  contrary  to  the  statement  of  Berzelius,  tungstic 
acid  is  not  reduced  to  the  metallic  state  by  the  action  of  hydroireD ;  at 
a  temperature  above  the  melting  point  of  silver  an  oxyd  is  obtained 
which  is  not  farther  changed.  It  is  of  a  violet  brown  color,  and  under 
a  magnifier  appears  crystalline  with  a  metallic  lustre. 

[These  difiTerent  combinations  of  tungsten,  nitrogen  and  hydrogen, 
with  the  addition  in  some  cases  of  oxygen,  will  probably  be  found 
to  correspond  to  different  ammoniacal  salts  of  the  polymeric  forms 
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of  tuitgstic  acid  as  yet  imperfectly  known.  The  different  amids  of 
phosphoric  acid  already  described  by  M.  Gerhardt  are  analogous 
compounds.]  T.  s.  h. 

3.  On  the  Decomposition  oflodid  of  Potassium ;  by  Prof.  Schonbein, 
(Chem.  Gazette,  May  1st,  1860,  from  Pogg.  Annal.,  Ixxviii,  p.  513.) — 
The  anhydrous  metallic  acids,  arsenic,  molybdic,  tuogstic,  antimonic  and 
chromic,  when  trilurated  with  iodid  of  potassium,  separate  iodine  even  in 
the  cold,  and  abundantly  by  the  aid  of  heat;  artificial  stannic  acid  as 
well  as  the  native  tin-stone  effect  a  similar,  decomposition  by  heat. 
With  bichromate  of  potash  the  whole  of  the  iodine  may  be  expelled, 
while  neutral  chromate  of  potash  and  oxyd  of  chromium  remain  be- 
hind ;  three  parts  of  the  bichromate  suffice  to  decompose  two  of  the 
iodid,  the  reaction  being 

5(KO,2Cr  03)+3KI=8(KO  Cr  03)+Cr2  O3+3I. 

Anhydrous  perchlorid  of  iron  liberates  iodine  from  the  iodid  of  po- 
tassium at  the  ordinary  temperature,  and  a  highly  concentrated  solution 
of  the  perchlorid  of  iron,  mixed  with  an  equally  concentrated  solution 
of  the  iodid,  precipitates  a  large  portion  of  the  iodine  in  a  crystalline 
form ;  Fcg  CI  3+KI=:2Fe  Cl+K  Cl-f  I. 

The  persulphate  and  all  the  persalis  of  iron  act  in  a  similar  manner, 
so  that  the  peroxyd  of  iron  may  be  used  instead  of  the  peroxyd  of 
manganese  to  separate  iodine  from  alkaline  iodids. 

The  dry  persalts  of  copper,  even  the  carbonate,  liberate  iodine  from 
the  iodid  on  the  application  of  heat. 

The  bromid  of  potassium  in  the  dry  way  is  affected  by  most  of  these 
reagents,  but  with  less  ease  than  the  iodid.  Bichromate  of  potash 
and  persalts  of  iron  are  most  efficient ;  the  latter  may  also  be  em- 
ployed in  the  moist  way  to  obtain  bromine  by  distillation. 

The  chlorids  of  K  and  Na  are  not  xlecom posed  by  any  of  the  above 
agents,  even  at  a  strong  heat ;  but  a  partial  decomposition  is  effected  es- 
pecially with  bichromate  of  potash  and  the  chlorids  of  Ba,  Sn,  Ca  and 
Mg,  attended  with  the  evolution  of  chlorine  and  the  formation  of  neu- 
tral chromates  and  oxyd  of  chromium.  t.  s.  h. 

4.  On  Furfurol ;  by  A.  Cahours,  (Ann.  de  Chim.  et  de  Phys., 
xxvi,  277). — The  author  has  reexamined  this  substance  which  he  pre- 
pared by  the  action  of  sulphuric  acid  upon  bran  as  recommended  by 
br.  Fownes;*  by  employing  a  little  less  sulphuric  acid  he  obtained  a 
much  larger  portion  of  the  oil,  100  parts  of  bran  yielding  2*75  parts 
of  furfurol.  The  distillation  of  bran  with  water  alone,  does  not  yield 
any,  nor  can  it  be  obtained  from  lignine,  starch  or  gluten,  even  by  the 
aid  of  sulphuric  acid. 

The  analyses  of  M.  Cahours  confirm  the  exactness  of  the  composi- 
tion given  by  Fownes  to  furfurol.  The  specific  gravity  of  its  vapor  is 
3*342-3*346,  corresponding  for  two  volumes  to  the  formula  C^  H^  Og, 
the  equivalent  which  had  already  been  adopted  by  Laurent  and  Ger- 
hardt. 

Chlorine  and  bromine  give  with  furfurol  only  resinoid  products ;  ni- 
tric acid,  whether  concentrated  or  diluted,  acts  energetically  upon  it,  and 
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gives  as  the  final  product  oxalic  acid.  M.  Cahours  has  also  coDfirmed 
the  results  of  Fownes  as  to  furfuramid  and  furfurine.  The  action  of 
sulphuretted  hydrogen  upon  an  alcoholic  solution  of  furfuramid  or  of 
hydrosulphuret  of  ammonia  on  furfurol  produces  a  sulphuretted  com- 
pound IhiofurfuroU  C^  H^  (OS).  Seleniuretted  hydrogen  gives  an 
analogous  compound.  By  dry  distillation  thiofurfurol  is  transformed 
into  a  substance  crystallizing  in  colorless  needles,  very  soluble  in  alco- 
hol and  slightly  soluble  in  boiling  water.  It  contains  C^\i{^02  and  is 
formed  from  two  equivalents  of  furfurol;  2C5H4(OS)=:C9Hg02-i-CSj. 

T.  s.  H. 

5.  On  the  action  of  Chlorine  upon  Lactic  Add ;  by  G.  Staedeleb, 
(Ann.  der  Chem.  und  Pharm.,  Ixix,  333.) — The  author  has  recog- 
nized the  production  of  aldehyde  and  chloral  by  the  distillation  of  lac- 
tic acid  with  a  mixture  of  sea-salt,  peroxyd  of  manganese,  and  sulphu- 
ric acid.  When  the  quantity  of  chlorine  is  small  the  aldehyde  pre- 
dominates. T.  s.  B. 

6.  Preparation  of  Oxychlorid  of  Carbon;  by  A.  W.  Hofmank, 
(Ann.  der  Chem.  und  Pharm.,  Ixx,  129.) — A  convenient  and  rapid 
mode  of  preparing  this  compound  of  oxyd  of  carbon  and  chlorine  is  to 
pass  a  stream  of  carbonic  oxyd  gas  through  perchlorid  of  antimony  in 
ebullition ;  the  salt  is  reduced  to  a  protochlorid.  This  reaction  may 
serve  to  detect  oxyd  of  carbon  in  a  gaseous  mixture,  for  the  odor  of  the 
oxychlorid  is  very  characteristic.  t.  s.  h. 

7.  On  the  Preparation  of  pure  oxyd  of  Cobalt ;  by  P.  Loutet, 
(Comptes  Rendes  des  Trav.  de  Chim.,  Oct.,  1849.) — The  ordinary  pro- 
cess for  purifying  oxyd  of  cobalt  from  the  oxyds  of  nickel  and  iron 
wilh  which  it  is  almost  always  associated,  is  that  of  M.  Liebig,  which 
consists  in  converting  them  into  sulphates  and  exposing  the  dried  salts 
to  a  red  heat.  By  this  means  the  sulphates  of  iron  and  nickel  are  de- 
composed with  the  escape  of  their  acid,  while  the  sulphate  of  cobalt 
is  unchanged.  The  author  has  however  found  that  when  mixed  with 
a  large  amount  of  sulphate  of  cobalt,  a  portion  of  the  iron  salt  es- 
capes decomposition  even  after  a  long  continued  red  heat.  He  re- 
commends for  the  purification  of  the  product  thus  obtained  the  follow- 
ing process. 

The  calcined  sulphate  is  dissolved  in  water,  and  a  portion  of  gela- 
tinous hyd rated  oxyd  of  cobalt  is  added,  or  what  is  the  same  thin^,  a 
quantity  of  carbonate  of  soda  sufficient  to  precipitate  in  the  form  of 
carbonate  a  portion  of  the  cobalt.  The  mixture  is  digested  for  some 
time  at  a  boiling  heat,  until  the  violet  color  of  the  oxyd  of  cobalt  is  re- 
placed by  the  dirty  yellow  of  oxyd  of  iron,  from  the  decomposition  of 
the  iron  salt  by  the  cobaltic  oxyd.  If  the  cobalt  precipitate  be  slightly 
in  excess,  the  salt  of  cobalt  remaining  in  solution  contains  not  the  slight- 
est trace  of  iron ;  the  nickel  of  the  impure  oxyd  is  entirely  removed 
by  the  previous  process  of  calcination.  T.  s.  h. 

8.  On  the  action  of  heal  upon  the  Caprylate  of  Lime ;  by  G.  Guck- 
ELBERGBR,  (Ann.  der  Chem.  und  Pharm.,  Ixix,  201.) — The  dry  dis- 
tillation of  this  salt  mixed  with  an  excess  of  hydrate  of  lime  yields 
an  oily  matter  which  after  a  little  time  becomes  solid,  and  is  purified 
by  crystallizing  in  boiling  alcohol.  It  is  caprylone^  an  acetonid  like 
that  afibrded  by  the  lime  salts  of  the  homologous  acids,  and  forms  a 
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white  crystalline  mass  resembling  china  wax.  It  is  lighter  than  water, 
in  which  it  is  insoluble,  tasteless  and  nearly  inodorous ;  it  fuses  at  40^  C, 
and  boils  at  178^  C,  distilling  without  alteration.  Analysis  gives  for  its 
formula  Ci^HjoO,  and  its  formation  is  by  the  polymorphosis  of  two 
equivalents  of  caprylate;  2CgH,5Ba02— 003883=0, ^HjqO. 

It  is  not  affected  by  potash,  nor  by  nitric  acid  in  the  cold ;  by  heat 
the  action  of  the  latter  is  violent,  yielding  a  yellow  compound  which 
forms  detonating  salts  and  is  evidently  a  nitrized  acid.  t.  s.  h. 

9.  On  tke  determination  of  Nitrogen ;  by  No£lln£R,  (Ann.  der 
Chem.  und  Pharm.,  Ixvi,  3i4.)-*-ln  the  determination  of  nitrogen 
by  igniting  the  substance  with  soda-lime  after  the  process  of  Will  and 
Varrentrapp,  the  author  proposes  to  pass  the  ammoniacal  vapors 
through  a  solution  of  tartaric  acid  in  absolute  alcohol.  The  bitartrate 
of  ammonia  which  is  thus  formed  is  complely  insoluble,  and  is  depos- 
ited in  a  crystalline  form.  t.  s.  h. 

10.  Examination  of  Castoretwi;  by  F.  Wobhler,  (Ann.  der  Chem. 
und  Pharm.,  Ixvii,  360.) — The  author  had  already  suggested  the  ex- 
istence of  phenol  in  this  substance,  and  has  been  able  to  verify  it  by 
distilling  the  castoreum  with  water,  when  a  small  portion  of  an  oily 
liquid  having  all  the  reactions  of  phenol  was  obtained.  The  residue  of 
this  distillation  yielded  crystals  of  benzoic  add  and  ealieiney  and  the 
mother  liquid  from  the  crystals  of  the  benzoic  acid  gave  with  ferric  salts 
the  reactions  of  salicylic  acid.  T.  s.  h. 

11.  On  the  Composition  and  Metamorphose$  of  Conine ;  by  J.  Bltth, 
(Compt.  Rend,  des  Trav.  de  Chem.,  Oct.,  1849,  from  Ann.  der  Chem. 
und  Pharm.,  Ixx,  73.) — ^The  recent  analytical  results  of  this  chem- 
ist do  not  accord  with  those  already  obtained  by  M.  Oriigosal  The 
difficulty  of  obtaining  the  alkaloid  in  a  pure  state  is  such  that  it  is  not 
easy  to  deduce  a  reliable  formula  except  from  the  analyses  of  its  saline 
combinations.  From  a  careful  comparison  of  the  results,  M.  Gerhardt 
is  led  to  retain  the  formula  already  adopted  by  him  in  his  Precis  (vol. 
ii,  p.  66),  Cg  H,5  N,  or  in  the  ordinary  notation,  Cjg  H,  5  N  ;  that  of 
Mr.  Blylh  is  C,^  Hj^N,  and  that  of  Ortigosa  C,gH,gN,  neither  of 
which  gives  a  number  of  equivalents  of  nitrogen  and  hydrogen  divisi- 
ble by  4.  The  results  obtained  by  M.  Ortigosa  approach  very  closely 
to  those  calculated  from  M.  Gerhardt^s  formula. 

According  to  Mr.  BIyth,  the  boiling  point  of  conine  is  168^-171^  C. ; 
but  it  is  altered  by  heat  so  that  the  temperature  rises  during  the  distilla- 
tion, its  density  is  *878.  It  is  volatile  at  ordinary  temperatures,  giving 
off  a  pungent  odor  which  affects  the  eyes  and  produces  white  fumes  with 
nitric,  hydrochloric  and  acetic  acids.  In  a  dry  stale  it  does  not  afiect 
test  papers,  but  on  the  addition  of  a  drop  of  water  its  reaction  is  strongly 
alkaline.  Conine  readily  coagulates  albumen,  and  precipitates  the  salts 
of  Cu,  Pb,  Zn,  Mn,  Al  and  Fe,  it  precipitates  also  nitrate  of  silver  but 
an  excess  of  conine  dissolves  the  precipitate  ;  it  dissolves  the  chlorid  of 
silver  as  readily  as  ammonia.  Most  of  the  salts  of  conine  are  decom- 
posed by  evaporation,  leaving  gummy  residues ;  many  of  these  are 
crystallizable  as  the  hydrochlorate,  but  very  deliquescent. 

Conine  is  a  very  alterable  substance  and  resinifies  by  the  action  of 
the  air ;  the  ordinary  product  of  its  oxydation  is  butyric  acid^  which  is 
obtained  from  it  in  various  ways, — by  boiling  a  solution  of  the  chloro* 
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platinate,  by  acting  upon  it  with  an  excess  of  bromine  and  evaporating 
in  the  product  in  vacuoy  by  chromic  and  nitric  acids,  etc.  According 
to  M.  Gerhardl  the  reaction  will  be  as  follows  C,  H^5N^-2H20-^- 
Mr.  Biylh  supposes  a  simultaneous  formation  of  carbonic  acid  which 
his  formula  demands.  t.  s.  h. 

12.  On  the  Composition  and  Metamorphoses  of  Piperine  ;  by  Th. 
Wertheim,  (Comptes  Rend.  desTrav.  de  Chim.,  Oct.,  1849,  from  Ao- 
nal.  der  Chem.  und  Pharm.,  Ixx,  58.) — The  chloro-platinate  of  pip^ 
erine  is  obtained  by  mixing  concentrated  alcoholic  solutions  of  piper- 
ine and  bichlorid  of  platinum,  and  having  added  an  excess  of  conceo* 
trated  hydrochloric  acid,  abandoning  the  mixture  to  spontaneous  evap* 
oration.  It  is  obtained  in  very  large  fine  crystals  of  an  orange  red  color, 
which  are  very  little  soluble  in  water,  but  are  apparently  decomposed 
by  a  large  portion,  and  are  to  be  washed  with  strong  alcohol.  The 
composition  of  this  salt  deduced  by  the  author  from  his  analyses  is 
(C70  H37  N^  0,o,CIH,  PtCI^),  and  he  concludes  that  crystallized 
piperine  contains  2  eq  of  Aq,  and  is  C^^  H37  Nj  Ojo+2H  O. 

When  piperine  is  mixed  with  three  or  four  parts  of  soda- lime  and 
exposed  to  a  temperature  of  150°-160^  C,  there  passes  over  a  lai^ 
amount  of  a  colorless  oily  alkaloid,  without  a  trace  of  ammonia,  which 
is  found  to  be  identical  with  the  picoUne  of  Mr.  Anderson.  The  resi- 
due is  brown  and  contains  a  yellowish  azotised  resin  having  acid  prop* 
erties.  If  the  mixture  of  piperine  and  soda-lime  is  heated  to  200^  C, 
ammonia  is  disengaged  with  the  picoline,  and  the  residue  contains  an 
uncrystallizable  acid  which  is  not  nitrogenous. 

The  formula  above  proposed  does  not  correspond  with  the  law  of  divis- 
ibility, and  M.  Gerhardt  proposes  in  its  place  the  following  formula  de- 
duced from  the  analyses  of  M.  Laurent  and  his  own,  and  closely  ac- 
cording with  the  results  obtained  for  the  chloro-platinate  by  the  author. 
^3  6  ^^3  6  ^2  0^-|-Aq,  or  in  the  German  notation,  C^^  Hg^  N2  0,<j+ 
2H0. 

He  remarks  that  the  decomposition  evolving  picoline  and  ammonia, 
shows  piperine  to  be  a  diamid,  analogous  to  the  carbanilamid  of  M. 
Chancel,*  in  which  the  two  equivalents  of  alkaloid  will  be  represented  by 
picoline  and  ammonia  coupled  with  a  non-azotized  (bibasic)  acid  ;  the 
azotized  acid  resinous  body  described,  will  be  the  monobasic  amid- 
acid  of  the  former.  These  two  acid  bodies  have  been  analyzed  by 
M.  Wertheim,  but  not  being  crystal  I  izable  we  have  not  yet  data  for  de- 
termining satisfactorily  their  composition.  t.  s.  h. 

13.  On  a  New  Gunpowder;  by  M.  Auosndeb,  (Comptes  Rendus,  in 
Chemical  Gaz.,  May,  1850.) — The  proportions  giving  least  residue  with 
maximum  effect  are — 

Powdered  crystallized  yellow  prussiate  of  potash,      .         .     1  pt. 

"        while  sugar, 1  " 

"        chlorate  of  potash, 2  " 

The  ingredients  separately  powdered  are  carefully  mixed,  small  quao- 
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titles  may  be  rubbed  together  in  a  mortar;  for  large  quantities  2  or 
3  per  cent,  of  water  must  be  added  and  the  mixture  made  in  a 
bronze  mortar  with  a  wooden  pestle,  and  it  may  then  be  granulated 
and  dried. 

This  compound  differs  from  ordinary  gunpowder  in  being  explosive 
even  in  the  form  of  fine  powder,  no  granulation  is  therefore  needed. 
Other  advantages  claimed  for  it  are  its  easy  formation,  the  ingredients 
previously  powdered  may  be  mixed  only  when  wanted — the  want  of 
action  of  air  on  the  separate  materials,  while  charcoal  for  gunpowder 
is  injured  by  exposure ;  and  lastly,  the  greater  force. 

On  the  other  hand  are  its  erosive  eSect  on  iron  barrels,  for  which 
bronze  must  be  substituted,  and  its  dangerous  inflammability. 

[This  compound  having  already  obtained  a  newspaper  notoriety  has 
probably  been  very  generally  tried.  The  cost  of  materials  and  the 
difficulty  of  keeping  it  will  be  a  bar  to  very  extensive  use.  In  our 
own  trials,  it  was  found  to  become  somewhat  moist,  and  the  original 
pulverization  was  found  difficult  in  the  case  of  the  sugar  and  prussiate 
of  potash. 

It  is  dangerous  to  introduce  gunpowder,  charcoal  or  sulphur;  the 
smallest  quantity  caused,  in  the  hands  of  the  discoverer,  a  tremendous 
explosion.]  6.  C.  Scbabffer. 

14.  Punficaiion  and  properties  of  Chloroform;  by  Prof.  Wm. 
Grbgost,  M.D.,  (Med.  Jour.  Sciences,  in  Chem.  Gaz.,  May,  1650.) — 
Prof.  G.  in  general  confirms  the  results  of  Soubeiran  and  Mialhe.* 
Stilt  even  from  the  hands. of  the  best  manufacturers,  chloroform  has 
until  recently  been  found  contaminated  by  chlorinated  oils  mentioned 
in  our  former  notice.  Prof.  G.  considers  the  disagreeable  effects  of 
chloroform  as  entirely  due  to  these  oils.  It  is  therefore  a  matter  of 
some  consequence  to  have  delicate  tests  for  the  purity  of  this  impor* 
tant  substance. 

Pure  and  colorless  sulphuric  acid  of  1*84  at  least,  on  agitation  is 
colored  yellow  or  brown,  as  the  oil  is  more  or  less  impure.  Perfectly 
pure  chloroform  does  not  color  the  acid. 

Pure  chloroform  when  poured  upon  the  hand  or  a  handkerchief) 
rapidly  evaporates,  while  the  less  volatile  oils  remain  and  are  recog- 
nized by  their  color,  which  is  quite  persistent.  Dr.  Simpson  mentioned 
to  the  author  that  while  using  a  chloroform,  which  had  so  constantly 
produced  unpleasant  effects  that  he  threw  it  away,  the  handkerchiefs 
became  quite  offensive  from  the  smell  left  upon  them  which  remained 
af\er  washing.  Another  test  is  the  specific  gravity  which  for  the  per- 
fectly pure  article  is  1-500. 

Mr.  Kemp,  the  author^s  assistant,  also  noticed  another  remark- 
able test  of  purity.  As  soon  as  the  acid  was  no  longer  colored  by  the 
chloroform,  the  latter  exhibits  a  strong  convexity  downwards  toward 
the  acid. 

The  process  for  purification  proposed  by  Mr.  Kemp  is  to  agitate  with 
strong  pure  sulphuric  acid,  allowing  the  liquid  to  remain  in  contact, 
with  occasional  agitation.  Half  its  volume  of  acid  will  be  enough,  and 
if  but  little  color  is  given,  a  second  use  of  the  acid  is  not  needed,  but 

*  This  Journal,  Jul,  1850,  p.  116. 
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this  should  be  tried  on  a  small  portion  in  a  test  tube  for  greater  cer- 
tainty— the  purification  is  finished  with  peroxyd  of  manganese,  with 
which  it  is  to  be  agitated  and  left  in  contact  until  the  odor  of  sulphur- 
ous acid  is  removed. 

Redistillation  is  not  required,  in  fact,  is  not  necessary  to  the  manu- 
facturer, who  has  only  to  wash  well  the  first  product  with  water  and 
purify  as  above. 

As  an  instance  of  what  the  author  considers  the  gross  ignorance  of 
persons  pretending  to  manufacture  such  articles,  he  refers  to  a  sample 
examined  by  him  of  sp.  gr.  about  1*000,  and  which  seemed  to  have 
the  following  origin.  The  maker  obtained  two  fluids  from  distillatioa, 
not  knowing  that  the  heavy  one  was  chloroform  he  threw  it  away  and 
put  up  the  lighter,  a  mixture  of  pyroxylic  spirit,  its- original  impurities, 
the  chlorinated  oils  and  a  mere  trace  of  chloroform,  and  labelled  it 
pure  chloroform.     Almost  pure/rom  chloroform.  Dr.  G.  well  says. 

It  is  useless  to  call  such  conduct  the  result  of  gross  ignorance,  for  in 
such  cases  a  gross  ignorance  is  gross  rascality.  6.  c.  s. 

15.  On  the  preparation  of  Chlorate  of  Potash^ — Prof.  F.  C.  Caltert, 
in  a  paper  read  before  the  Chemical  Society  of  London,  describes  the 
following  process  as  producing  a  maximum  quantity  of  chlorate.  The 
current  of  chlorine  is  passed  into  a  solution  of  100  fl.  grs.  containiog 
102-33  grs.  anhydrous  potash — its  density  11.  '358  grs.  quick-lime 
are  to  be  added  and  the  whole  slightly  heated.  The  result  was  220 
grs.  of  the  chlorate  beside  about  20  grs.  left  in  the  mother  water.  The 
precise  density  of  the  liquid  is  important.  e.  c.  s. 

16.  Aspartic  Acid  formed  from  Bimalate  of  Ammonia  ;  by  M.  Des- 
SAIGNES,  (Comptes  Rendus,  March,  1850.) — Piria  has  proved  thataspar- 
agine  and  aspartic  acid  are  the  amids  of  malic,  as  oxamid  and  oxamic 
acid  are  the  amids  of  oxalic  acid.*  Succinic  acid  produced  io  the  fer^ 
mentation  of  asparagine  has  also  been  obtained  from  the  fermentation 
of  the  malates  in  such  quantities  as  to  render  the  malates  the  best 
source  of  this  hitherto  rare  acid.f  Still  all  attempts  at  forming  aspara- 
gine or  aspartic  acid  from  malic  acid  have  failed,  as  chemists  have  not 
as  yet  succeeded  in  forming  malic  ether. 

The  author  has  however  reached  the  desired  end  by  the  dry  distilla- 
tion of  bimalate  of  ammonia.  The  residue  with  a  heat  of  about  370^ 
is  a  sparingly  soluble  amorphous  reddish  mass.  Well  washed  with  hoC 
water  this  mass  is  changed  into  a  very  stable  acid  which  however  is 
not  the  aspartic.  Heated  for  some  time  with  hydrochloric  acid  this 
substance  is  no  longer  precipitated  by  water  and  yields  on  evaporation 
crystals  containing  hydrochloric  acid  which  are  easily  purified.  It  is 
only  necessary  to  dissolve  these  in  boiling  water,  divide  the  solution, 
neutralize  one-half  in  the  ammonia  and  add  the  other  half,  to  obtain 
on  cooling  a  quantity  of  prismatic  crystals  of  aspartic  acid. 

The  form  of  aspartic  acid  thus  obtained  is  not  identical  with  that  of 
the  same  acid  from  asparagine,  but  the  salts  are  identical  in  form  with 
the  aspartates  hitherto  known.  Analysis  renders  it  certain  that  this  is  io 
reality  aspartic  acid. 

♦  This  Journal,  Nov^  1848,  p.  420.  \  Ibid,  Jan.,  1860,  p.  117. 

Digitized  by  VaOOQ  IC 


Chemistry  and  Physics.  263 

[Possibly  the  intermediate  compounds  above  described  may  be  an 
amid  of  one  of  the  acids  into  which  the  malic  is  so  readily  transformed 
by  heal — but  as  the  anhydrid  of  malic  acid  is  known,  this  acid  would 
be  the  anhydrid  of  aspartic  acid.]  G.  c.  s. 

17.  Slibethyle ;  by  C.  Lowia  and  E.  Schweitzer. — ^The  authors 
decomposed  "  iodid  of  ethyl"  by  the  alloy  of  antimony  and  potassium, 
formed  according  to  Serullas'  process  by  igniting  antimony  and  cream 
of  tartar.  The  decomposition  is  violent,  and  the  product,  slibelhyle,  is 
spontaneously  inflammable — hence  numerous  precautions  are  required 
in  manipulation.  The  formula  given  is  C,2  Hj^  Sb,  which  the  authors 
regard  *'  equivalent  with  antimoniuretted  hydrogen  in  which  three 
atoms  of  hydrogen  are  replaced  by  three  atoms  of  ethyle,"  and  hence 
conclude,  that  *'  its  composUion  presents  nothing  remarkable,^^  They 
also  regard  it  as  a  **  radical"  analogous  to  kakodyle. 

Kakodyle  has  not  held  its  ground  as  a  radical,  and  the  new  substance 
must  soon  lose  all  claim  to  that  title. 

Stibethyle  seems  to  form  a  fme  crystalline  salt  with  nitric  acid,  but 
the  properly  of  forming  a  salt  with  an  acid  has  never  been  claimed  as 
belonging  to  radicals,  but  to  their  oxyds. 

The  following  view  of  the  composition  of  this  substance  seems  to  be 
probable,  and  with  due  respect  to  its  able  and  distinguished  discoverers, 
we  consider  it  as  highly  remarkable. 

Antimony  like  phosphorus  belongs  to  the  nitrogen  class  and  forms 
corresponding  compounds.  Antimoniuretted  hydrogen  is  hence  a  sort 
of  ammonia,  we  can  hardly  say  ammonia  with  its  nitrogen  replaced  by 
antimony,  although  this  expression  is  used.  SbH,,  or  stib-ammonia, 
can  take  the  place  of  N  H3.  In  the  compound  ammonias  of  Wurtz, 
that  of  the  caproic  series  would  be  CjgHjgN.  Stibethyle  is  then 
caproamine,  in  which  antimony  takes  the  place  of  nitrogen.  The  spon- 
taneous inflammability  of  the  new  substance  is  owing  to  the  presence 
of  antimony,  which  in  its  relations  to  oxygen  differs  from  nitrogen. 

Weriheim  has  shown  that  by  the  action  of  hydrate  of  potash,  narco- 
tine  yields  Cg  H9  N,  or  the  compound  ammonia  of  the  metacetic  se- 
ries. We  add  a  tabular  view  of  the  known  compound  ammonias, 
named  according  to  the  series  to  which  they  belong. 

Discovered  by 

Hydric,  .  .  H3N  

Formic,  .  .  CgH^N  Wurtz. 

Acetic,  .  .  C4H7N           " 

Metacetic,  .  .  Cg  Hg  N  Wertheim. 

Butyric,  .  .  CgH^jN  Anderson. 

Valeric,  .  .  CjoH^gN  Wurtz. 

Caproic,  .  .  C^gHj^Sb  Lo wig  and  Schweitzer. 

G.  c.  si 

18.  Action  of  Nitric  Acid  on  Rhuharh. — M.  Garot  (Journ.  de 
Pharm.  el  de  Chcm.,  Jan.,  1850)  describes  the  result  of  the  action  un- 
der the  name  oC  erythrosin.  From  10  to  20  per  cent,  may  be  obtained 
from  the  rhubarb.  No  analysis  has  been  made — but  there  seems  to  be 
a  mixture  of  rhubarbine  of  former  authors  and  a  nitric  compound, 
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probably  similar  to  acids  derived  from  aloes  by  the  action  of  oifric 
acid.  Like  these  acids,  erythroein  possesses  high  tinctorial  power,  aod 
is  recommeoded  for  its  properties  as  a  suitable  dyeiog  material. 

G.  cs. 
19.  On  the  Atomic  Weight  of  Molyhdenum  ;  by  N.  J.  Berlin,  (J.  f. 
pr.  Chem.,  xlix,  444,  1850.) — From  tlie  analyses  of  three  roolybdaies 
of  ammonia,  Berlin  deduces  for  the  atomic  number  of  roolybdic  acid, 
(fio)  as  follows,  875  75,  876*57,  873*42,  873-25,  affording  the  roeao 
874*75.  He  hence  concludes  that  the  number  obtained  for  molybde- 
num by  Svanberg  and  Struve,  575*83,  based  on  200  as  the  value  of 
sulphur,  must  be  right  or  very  near  the  true  one ;  and  not  588-966, 
based  on  200*75  as  the  value  of  sulphur.  Ueoce  also  200  is  the  true 
atomic  number  for  sulphur. 

n.  Mineralogy  and  Geology. 

1.  On  anew  Spodumene  Locality  at  Norwich^  Mass,;  by  C.  Haet- 
wbll.  Member  of  the  Theological  Institute  of  East  Windsor,  Ct.,  aod 
E.  Hitchcock,  Jr.,  of  Amherst,  Mass. — This  locality,  in  the  north  part  of 
Norwich,  was  discovered  by  Mr.  Ebeo  Weeks  of  that  place,  and  opened 
by  the  writers.  The  spodumene  occurs  in  large  veins  of  quartz,  sur» 
rounded  and  partly  intermingled  with  albite  and  feldspar,  running  north 
and  south  through  fi  hill  of  mica  slate.  It  has  been  seen  for  ihe  most 
part  in  one  large  vein,  which  appears  at  the  surface  only  in  two  places, 
about  thirty  rods  apart.  Associated  with  the  spodumene,  are  crystals 
of  staurotide  of  a  new  form,  mica,  imperfect  specimens  of  beryl,  and 
enormous  black  and  blue  tourmalines  not  perfect  in  figure.  One  vein, 
mostly  albite,  exhibits  the  spodumene  in  a  decomposed  state  nearly 
as  soft  as  gypsum.  The  spodumene  is  doubtless  abundant,  though  a 
large  quantity  is  not  attainable  without  great  expense.  Crystals  have 
been  obtained  with  the  breadth  ranging  from  one-half  inch  to  four 
inches,  and  some  much  larger  are  visible  in  the  rock.  It  is  usually 
massive  in  the  albite,  extended  into  the  quartz  in  crystals,  terminated 
at  one  end,  and  sometimes  more  than  a  foot  in  length.  The  longest 
individual  that  has  been  obtained  measures  eleven  and  a  half  inches. 
Much  of  the  mineral  has  a  beautiful  pinkish  hue.  The  crystals  are 
usually  opaque,  but  some  are  nearly  translucent  in  parts.  Good  speci- 
mens are  acquired  with  difficulty.  One  reason  lies  in  the  perfection  of 
the  cleavages,  especially  that  parallel  with  the  orthodiagonal,  which 
renders  them  easily  broken.  Another  lies  in  the  nature  of  the  gangue, 
as  the  quantity  is  full  of  rifts,  rendering  blasting  difficult,  and  allowing 
access  to  the  mineral  for  the  weather,  which  has  given  it  all  a  rusty  ap- 
pearance. The  crystals  can  be  cleaned  by  acid  with  no  injury  except 
perhaps  a  little  damage  to  the  lustre.  The  forms  of  the  terminations 
are  various.  The  crystal  having  the  greatest  number  of  planes,  has 
been  described  in  Dana^s  System  of  Mineralogy,  3d  ed.,  p.  693,  and 
DOW  belongs  to  Prof.  B.  Silliman,  Jr.  Other  crystals  are  similar  in 
general  form,  but  with  a  less  number  of  planes.  One  of  the  specimens 
has  only  P  wanting,  and  o\  o''  are  well  developed.  In  otiiers  the 
plane  a,  &  and  o"  are  absent  as  well  as  jP,  as  in  the  following  figure; 
but  the  plane  a  is  usually  present 
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The  angles  obtained  with  the  common  goniometer  are  as  follows : — 


m  (back  plane)  :  t«=102^  SC-lOG** 
n    :  t*  =134* 

l2  =138*20' 

12  =148* 

l2  (over  the  summit)  =80*  30' 

a2  =116* 


b 

a 

t2 

m 

b 

n 

b3 

b 


=134* 
=  144* 
=  142* 
=135* 


ff 


The  ingle  m  :  t^  is  generally  about  102°  30',  although  one  crystal 
gave  us  106*.  • 

The  surface  m  in  all  the  specimens,  is  finely  covered  with  lines,  as 
mentioned  by  Dana. 

The  new  form  of  the  staurotide  occurring  at  the  same  locality ,f  gave 
us  the  following  angles.     (See  figure,  p.  121.) 
P  :  t  =13P 
b2  :  b2  (over  b)=86* 
This  form  is  not  usually  found  entire,  but  a  few  specimens  have  been 
obtained  with  only  a  slight  imperfection.     The  plane  P  is  frequently 
inclined  from  the  true  position,  and  often  but  one  is  found.     In  some 
individuals  the  plane  b  is  nearly  or  quite  obliterated  by  the  planes  N, 
in  others  it  deeply  truncates  the  crystal.     Many  of  the  crystals  appear 
joined  to  the  spodumene,  in  connection  with  which  it  usually  occurs. 
The  mineral  is  very  brittle,  and  hence  arises  the  difficulty  of  obtaining 
good  forms. 

2.  Age  of  the  NummuUtic  formation  of  the  Alps;  (from  the  Ad- 
dress of  Sir  C.  Lyell  before  the  Geol.  Soc,  Quart.  Jour.  Geol.  Soc, 
No.  22,  1850.) — In  the  chronological  classification  of  the  materials  com- 
posing the  crust  of  the  earth,  it  has  been  often  asked,  whether  we  ought 
to  ascribe  to  the  older  tertiary  epoch,  or  to  the  cretaceous  system,  the 
great  nummulilic  formation  of  the  Alps,  and  other  parts  of  Europe. 
This  much-controverted  question, — one,  as  I  shall  presently  point  out, 
of  the  highest  theoretical  interest,  in  reference  to  the  hypothesis  of  the 
unabated  intensity  of  ihe  existing  agents  of  change, — was  declared  by 
M.  Boue,  some  years  ago,  to  be  the  great  problem  of  the  day,  and  Sir 
R.  Murchison  has  therefore  devoted  to  its  consideration  a  large  portion 
of  his  membir.  M.  Boue  indeed  announced  in  1847  his  own  convic- 
tion that  the  nummulitic  rocks  belonged  to  the  eocene  or  lower  tertiary 
period,  and  remarked,  in  a  paper  read  to  the  French  Geological  So- 


*  New  measurements  of  several  crystals  recently  received  confirm  this  result.  In 
one  crystal,  109^  were  obtained ;  but  iu  those  of  the  best  planes,  using  a  cleavage 
surface  for  w,  the  angle  obtained  was  103°. —  J.  d.  d. 

f  See  last  number  of  this  Journal,  p.  121. 
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ciety  in  that  year,  how  much  delight  Alexander  Brongniart  would  have 
experienced,  had  he  lived  to  see  one  of  his  boldest  and  most  startling 
generalizations  thus  crowned  wiih  success.^  Al.  Brongniart  had  in  fact 
declared  many  years  before,  that  the  shells  of  the  summit  of  the  Dia- 
blerets,  one  of  the  loftiest  of  the  Swiss  Alps,  which  rises  more  than 
10,000  feet  above  the  sea,  were  referable  to  species  characteristic  of 
the  eocene  strata  of  the  neighborhood  of  Paris.  He  only  felt  consid- 
erable hesitation,  he  said,  in  assigning  to  them  so  modem  a  date,  be- 
cause the  overlying  limestones  were  so  compact  and  homogeneous  as 
to  agree  in  lithological  character  with  much  older  secondary  rocks. 

Several  of  the  most  animated  discussions  which  have  taken  place  in 
this  room  since  1825,  have  turned,  as  you  will  recollect,  on  this  subject, 
especially  when  the  fossil  shells  brought  by  Mr.  Pratt  from  Biaritz  in 
the  Pyrenees  were  laid  upon  our  table.  A  decided  opinion  was  then 
expressed  by  many  of  us  that  the  nummulitic  series  of  that  southern 
chain  must  be  referred  to  the  lower  part  of  the  eocene  group,«s  it  was 
made  clear  that  the  proportion  of  fossil  species  common  to  the  Biaritz 
beds  and  the  chalk  was  extremely  small — much  too  small  to  imply  a 
cretaceous  age  for  the  strata  in  question,  or  even  a  zoological  passage 
from  the  cretaceous  to  the  tertiary  formations.  They  who  have  read 
with  cnre  the  successive  numbers  of  the  *  Bulletin^  of  the  Greological 
Society  of  France,  are  aware  how  much  that  body  has  been  occupied 
with  the  same  problem,  and  how  steadily  the  evidence  in  favor  of  the 
same  important  conclusion  has  been  gaining  strength.  M.  d^Archtac, 
writing  in  1847  on  the  fine  collection  of  Biaritz  shells  submitted  to  his 
inspection  by  Mr.  Pratt,  observed  that  forty-eight,  or  one-fourth  of  the 
whole  series,  were  identical  with  fossils  of  the  lower  eocene  of  the 
Paris  basin,  while  the  rest  were  all  tertiary  forms  except  four,  which 
belonged  to  species  of  the  chalk.t  In  a  paper  by  M.  Deshayes,  read 
to  the  Geological  Society  of  France  in  June,  18444  that  able  concholo- 
gist  declared,  after  examining  the  Biaritz  fossils,  ^^  that  the  whole  of  the 
nummulitic  system  must  be  classed  as  tertiary ;  an  opinion  confimia- 
tory,"  he  said,  **  of  the  results  previously  arrived  at  by  M.  Leymerie  in 
the  Corbieres,  and  of  M.  Bertraod  Geslin  in  the  Alps.''  Lastly,  I  may 
observe,  that  you  will  find  similar  opinions  recorded  in  the  *•  Bulletin,' 
either  in  the  memoirs  or  verbal  comments  of  MM.  Deshayes,  Charles 
Desmoulins,  Raulin,  Leymerie,  Tallavigne,  Delbos,  Desor,  Roue,  Ar- 
chiac,  and  Alcide  D^Orbigny,  all  published  in  the  course  of  the  last 
six  years.  Whether  a  real  transition  from  the  cretaceous  to  the  terti- 
ary strata  can  be  made  out,  is  a  point  which  has  also  been  fully  discus- 
sed, and  how  far  the  Maestricht  beds  are  represented  in  the  Pyrenees. 
It  appears  from  the  researches  of  MM.  Desmoulins  and  Raulin,  that 
some  few  of  the  characteristic  fossils  of  Maestricht  have  really  l)een 
found  in  that  chain  ;  but  you  will,  I  think,  agree  with  M.  Deshayes,  that 
they  are  not  enough  to  establish  the  existence  of  any  true  equivalent  of 
the  Maestricht  group — that  distinct  and  uppermost  division  of  the  chalk 
to  which  the  Faxoe  coralline  limestone  in  Seeland,  as  well  as  the  piso- 
litic  strata  of  Sezanne  near  Paris,  are  referable. 

*  Bulletin,  vol  v,  2nd  aeries,  pp.  69,  71. 

f  Bulletin,  vol  iv,  2nd  Series,  p.  1006. 

i  Tranalated  in  Quart  Joum.  GeoL  Soc,  1845,  p.  111. 
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When  we  consider  that  the  age  of  the  nummuUtic  formation  of  the 
Pyrenees,  however  clearly  it  may  now  be  determined  to  be  tertiary, 
has  been  regarded  by  so  many  able  authorities  as  a  subject  of  perplex- 
ity  and  debate  up  to  so  late  a  period,  we  cannot  feel  surprised  that  MM. 
De  Beaumont  and  Dufrenoy,  in  constructing  their  geological  map  of 
France  many  years  before,  should  have  referred  these  strata  in  the 
Alps,  and  in  the  regions  bordering  the  Mediterranean,  to  an  age  ante- 
rior to  the  calcaire  grossier  of  Paris,  especially  when  we  learn  that  even 
DOW  M.  Agassiz  affirms,  that  out  of  139  species  of  echinoderms  de- 
scribed by  him  from  the  nummulitic  beds  of  the  Mediterranean,  one 
species  only  is  common  to  them  and  the  calcaire  grossier.  The  same 
geologist  maintains  that  all  the  fish  of  Glarus  and  Monte  Botca,  which 
according  to  the  latest  opinions  must  be  classed  as  eocene,  difier  en- 
tirely from  those  of  Sheppy.*  Yet  I  am  by  no  means  disposed  to  ques- 
tion, on  the  ground  of  this  want  of  agreement  in  the  ichthy elites,  that 
the  Glarus  slates  are  in  truth  tertiary,  still  less  to  doubt  that  the  lime- 
stone of  Monte  Bolqa  belongs  to  the  same  period  :  I  have  always  re- 
garded the  latter  as  eocene  from  the  t^me  when  I  visited  that  locality 
in  company  with  Sir  Roderick  Murchison  in  1828.  You  have  seen 
also,  in  the  classification  of  the  three  successive  eocene  formations  es- 
tablished by  Mr.  Prestwich  for  the  older  tertiary  deposits  of  Great 
Britain,  that  while  each  division  is  characterized  by  its  peculiar  assem- 
blage of  shells,  a  part  only  of  the  species  pass  from  one  division  to 
another,  and  that  the  specific  diflerence  of  the  mammalia  belonging  to 
each  division,  and  still  more  of  the  first,  as  determined  by  Agassiz,  is 
extremely  marked. 

The  researches,  above  alluded  to,  of  Sir  Roderick  Murchison  in  the 
Alps  in  1847,  and  the  palaeontological  evidence  of  various  eminent 
writers  brought  together  by  him  in  illustration  of  his  views,  have,  I 
think,  shown  unequivocally,  that,  together  with  the  nummulitic  lime- 
stone, an  enormous  thickness  of  overlying  strata  of  durk-colored  slates, 
marls,  and  fucoidal  sandstones,  provincially  called  Flysch,  are  separa- 
ble from  the  cretaceous  system  of  Northern  Europe,  and  must  also  be 
regarded  as  lower  eocene.  His  attempt  however  to  make  out  a  pas- 
sage from  the  tertiary  to  the  secondary  series  by  means  of  an  interven- 
ing group  of  marls,  green  sandstone  and  impure  limestone,  appears  to 
me  to  be  far  less  successful,  since  a  true  representative  of  the  Maes- 
tricht  beds  is  wanting  in  the  Alps,  or  is  very  ill-defined,  and  no  other 
equivalent  assemblage  of  organic  remains  is  enumerated  sufficiently 
rich  in  forms,  or  intermediate  in  character,  to  fill  up  the  wide  gap  be- 
tween the  eocene  strata  and  the  chalk. 

I  have  dwelt  thus  at  length  on  the  age  of  the  nummulitic  series,  be- 
cause its  recognition  as  a  tertiary  deposit  draws  with  it  consequences  of 
the  utmost  theoretical  importance,  and  is  singularly  confirmatory  of  a 
remark  made  by  M.  Desnoyers  many  years  ago  in  his  address  to  the 
French  Geological  Society,  namely,  *'  that  the  more  the  Alps  are  stud- 
ied the  younger  they  grow.*'  This  saying  was  elicited  by  the  admis- 
sion by  competent  observers,  that  certain  schistose  rocks  of  great  thick- 
ness, containing  dark  writing  states,  originally  classed  as  ^^  transition 


*  BalleiiD,  vol.  t,  pp.  414,  415. 

Digitized  by  VjOOQIC 


S68  Sdmtijic  ItUdUgence. 

formations'^  by  some  of  the  followers  of  Werner,  and  regarded  as  of 
palaeozoic  age,  were  really  secondary.  Now  we  are  called  upon  to  go 
much  further;  for  these  same  strata  belong  to  the  flysch,  and  therefore 
constitute  what  is  by  no  means  the  base  of  the  eocene  system.  To  the 
English  geologist  who  is  old  enough  to  remember  when  all  the  soft 
clays  and  loose  sands  overlying  the  chalk,  some  of  them  containing 
shells  of  species  identical  with  those  now  living,  were  looked  upon  as 
very  modern,  and  as  the  creations  of  yesterday,  in  comparison  with  the 
rocks  of  the  higher  Alps,  it  may  well  appear  a  startling  proposition  to 
learn  that  the  clay  of  London  was  in  the  course  of  accumulation  as 
marine  mud  at  a  time  when  the  ocean  still  rolled  its  waves  over  the 
space  now  occupied  by  some  of  the  loftiest  Alpine  summits.  It  will  fol- 
low, moreover,  as  a  corollary  from  the  same  data,  as  before  hinted, 
that  not  only  the  upheaval  of  the  Alps,  but  all  the  principal  internal 
movements,  dislocations,  inversions  and  contortions  of  the  strata,  are 
subsequent  to  the  origin  of  the  nummulitic  deposits,  and  had  not  there- 
fore even  commenced  till  great  numbers  of  the  eocene  vertebrate  and 
invertebrate  animals  had  lived  and  died  in  succession. 

3.  On  the  Geographical  Limits  of  the  Chalk  Formation  ;  by  Leopold 
VON  BucH,  (from  the  Monatsberichte  der  Akademie  der  Wissenchaften 
zu  Berlin,  fiir  1849,  p.  117.  Compare  also,  Betrachtungen  Ober  die 
Verbreitung  und  die  Grenzen  der  Kreide-Bildungen,  Bonn,  1849.  Aus 
den  Verhand.  des  naturhist.  Ver.  der.  Pr.  Rheinlande ;  cited  from  the 
Quart.  J.  Geol.  Soc,  No.  21.) — The  small  extent  towards  the  poles 
which  the  chalk  formation  attains,  compared  with  the  Jurassic  strata, 
and  still  more  with  the  palaeozoic  deposits,  has  been  regarded  by  Dr. 
Boue,  not  without  some  probability,  as  the  most  ancient  known  effect  of 
the  influence  of  climate  on  the  fauna  of  former  worlds.  In  reality  the 
most  northerly  point  on  the  whole  earth  in  which  chalk  has  as  yet  been 
found  is,  according  to  Prof.  Forchhammer's  determination,  in  the  vicin- 
ity of  Thistedt  in  Jutland,  not  quite  in  57  degrees  of  latitude,  or  in  that 
of  Aberdeen  in  Scotland,  of  Calmar,  Mitau,  Twer  and  Casan.  In  the 
British  islands  the  chalk  does  not  reach  so  far  north ;  the  last  appears 
on  the  south  coast  of  the  island  of  Rathlin  near  the  Giant's  Causeway, 
in  the  latitude  of  Apenrade,  of  Bornholm  and  of  Tilsit.  Flamborough 
Head  in  54°  is  its  last  appearance  in  England.  In  Russia  this  limit 
always  sinks  deeper  towards  the  south.  From  Grodno,  where  the 
chalk  still  appears  in  54^,  it  runs,  as  laid  down  in  Murchison's  masterly 
geological  map,  through  Mohilew  and  Orel,  a  degree  and  a  half  of  lati- 
tude south  of  Moscow,  and  from  Simbirsk  downwards  along  the  Wolga, 
even  to  the  Caucasus.  MM.  Murchison,  Verneuil  and  Keyserling  have 
very  unexpectedly  discovered  this  chalk  on  the  banks  of  the  Ural  river, 
ninety  English  miles  below  Orenburg,  in  51^**.  The  Muchodjar  moun- 
tain determines  its  limits  towards  the  east.  The  immense  extent  of 
Siberia  from  the  Ural  to  Ochotzk,  and  from  the  Altai  to  the  Icy  Sea, 
has  now  been  so  minutely  and  carefully  examined  by  so  many  mining 
engineers,  naturalists  and  gold-seekers,  that  we  may  well  doubt  the 
occurrence  of  cretaceous  beds  in  this  whole  region. 

Everywhere  along  this  border,  only  the  upper  chalk  appears,  the 
strata  so  peculiarly  characterized  by  Gryphaa  vesiadaris^  Belemniles 
mucronatus  and  mammillaris^  by  Inoceramus  Cuoieri  and   Cripsii^  by 
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Ostrea  Diluoii^  Terehratula  cornea  and  semiglohosa^  by  Ananchytes 
ovatOy  Galerites  vulgaris  and  albogalera^  and  similar  fossils.  Older 
cretaceous  strata  first  appear  only  in  proportion  as  we  descend  towards 
the  south,  and  in  the  Caucasus,  in  Daghestan,  these  older  (neocomien) 
beds,  according  to  the  excellent  observations  of  Abich,  attain  a  thick* 
ness  of  nearly  5000  feet.  It  resembles  a  mighty  wave,  sweeping  far 
down  from  the  highest  summits  of  the  Caucasus  and  gradually  dying 
away  on  the  margin  of  the  older  formations  in  the  plain  [on  the 
north]. 

Beyond  the  ocean  the  cretaceous  formations  terminate  in  the  Atlan- 
tic regions  of  the  United  States  before  they  have  reached  the  city  of 
New  York,  so  that  their  limit  scarcely  touches  the  40ih  degree  of  lati- 
tude, or  sixteen  degrees  lower  than  in  Europe.  In  Kentucky  and  Ten- 
nessee it  remains  below  37°.  But  it  is  very  different  far  up  on  the  Mis- 
souri ;  this  great  river  flows  uninterruptedly  from  the  foot  of  the  Rocky 
Mountains  for  1400  English  miles,  through  strata  of  chalk,  at  least  as 
far  as  the  mouth  of  the  Sioux  river.  This  is  the  result  of  the  accounts 
and  collections  of  the  Prince  of  Neuwied  and  of  the  reports  of  the 
celebrated  astronomer  Nicollet.  In  these  western  parts  of  America 
therefore,  the  chalk  formation  rises  to  50**  of  latitude,  or  full  ten  degrees 
higher  than  in  the  eastern  portion.  Here  also  it  shows  a  continuous 
extension  greater  than  that  of  any  other  formation  known  on  the  sur- 
face of  the  globe.  Captain  Fremont  saw  chalk  strata,  fields  covered 
with  Inoceramtts  Cripsiiy  on  the  river  Platte,  Lieutenant  Abert  on  the 
Arkansas,  and  as  far  as  Santa  Fe  in  New  Mexico,  and  Dr.  Wislize- 
nus  found  them  also  beyond  the  Rio  del  None  near  Monterey  and 
Laredo,  according  to  the  reports  published  in  1848  by  the  Congress  at 
Washington.  The  Rocky  Mountains  and  their  continuation  to  the  east 
[west?]  of  Santa  Fe  in  New  Mexico,  have  entirely  cut  off  this  creta- 
ceous sea.  No  trace  of  chalk  was  discovered  either  by  Captain  Fre- 
mont on  the  Columbia  river,  or  on  the  Humboldt  river  in  the  wonder- 
ful "  Great  Basin"  down  to  the  Pacific,  or  yet  by  the  observant  Captains 
Cooke  and  Johnston  in  Sonora  and  California  along  the  Rio  Gila. 

Nevertheless  the  whole  of  this  so  vastly  extended  chalk  formation 
consists  only  of  the  upper  beds.  After  very  careful  and  accurate  in- 
vestigation, Sir  C.  Lyell  decided,  that  in  the  whole  of  North  America 
chalk  strata  from  the  Maestricht  beds  down  to  the  gault  alone  occur- 
red ;  and  Mr.  Ferdinand  Romer,  as  the  result  of  his  highly  valuable 
and  accurate  researches  in  Texas,  goes  the  length  of  considering  all 
the  strata  in  that  region,  already  so  far  removed  from  the  Atlantic  coast, 
as  entirely  of  the  upper  division,  and  not  even  once  touching  on  the 
gault. 

This  peculiarity  is,  however,  singularly  enough  limited  to  North 
America  alone.  Even  in  Mexico  deeper  beds  already  appear  to 
occur. 

M.  Galeotti  has  brought  Trigoniae  from  Tehuacan,  on  the  borders  of 
the  province  of  Oaxaca,  which  he  has  described  as  Trigonia  plicato* 
costata,*  This  Trigonia  belongs  to  the  division  of  the  Trigonia  Sea- 
hr<z  of  Agassiz,  and  differs  but  slightly  from  Trigonia  aliformis,  Sow. 

*  Bulletin  de  Bnixellea,  iii,  No.  10. 
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The  latter  is  however  characteristic  of  the  middle  chalk,  crate  chUh- 
rilee^  as  also  of  the  gault.  In  the  middle  of  the  chief  Cordillera  of 
Anahuac,  twelve  French  miles  northwest  from  Tehuacan,  this  shell  is 
80  universally  abundant  and  large  that  it  may  be  regarded  as  the  dis- 
tinctive mark  of  the  entire  formation.  One  is  astonished,  he  says,  to 
find  such  immense  accumulations  of  fossil  shells,  so  many  fragments 
of  ammonites  several  feet  in  diameter,  or  of  gigantic  coral  stems  in 
this  place,  so  much  so  that  there  is  perhaps  no  other  place  on  the  sur- 
face of  the  globe  where  such  an  enormous  mass  of  organic  remains 
lies  scattered  over  many  square  miles.  Now  this  Trigonia  appears 
again  in  South  America  in  the  mountains  of  Santa  Pe  de  Bogota,  from 
which  M.  von  Humboldt  first  brought  it  to  us.  The  organic  remains 
enclosed  in  the  strata  of  these  mountains  of  Santa  Fe  de  Bogota  prove 
most  decidedly  the  occurrence  of  the  middle  chalk,  as  1  have  endeavor- 
ed to  show  in  the  description  of  Humboldi^s  collection  of  Araencao 
petrifactions  (Berlin,  1839),  and  as  Alcide  d^Orbig^iy  has  still  more 
fully  proved  in  his  no  less  instructive  than  masterly  work  on  M.  Bous- 
singault^s  collections.  But  as  the  cretaceous  formations  in  New  Grenada 
attain  a  thickness  of  more  than  5000  feet,  it  is  not  surprising  tbai  the 
organic  remains  of  the  lower  cretaceous  strata,  or  the  neocomien^  should 
also  be  found  in  this  place.  D^Orbigny  has  described  an  Exogyra 
from  Socorra,  which  is  not  distinct  from  the  Exogyra  Couloni  of  the 
neocomien.  Many  specimens  of  this  same  Exogyra  were  collected  by 
the  late  Dr.  Meyen  on  the  declivities  of  the  volcano  of  Maypo  in  Chili 
at  the  height  of  13,000  feet,  and  (badly)  figured.*  Darwin  alsot  found 
it  on  the  Portillo  Pass  in  the  Peukenes  chain,  not  far  from  Maypo,  but 
also  sixty  English  miles  further  north  on  the  Uspalata  Pass.  The  Ex- 
ogyra Covloni  or  aquila  is,  however,  a  true  and  very  decided  charac- 
teristic shell  for  the  neocomien. 

The  fossils  collected  by  Darwin  in  the  mountains  above  Copiapo, 
and  Coquimbo  in  northern  Chili,  and  those  which  Domeyko,  Professor 
of  Mineralogy  in  Coquimbo,  has  sent  to  Paris,  again  belong  to  newer 
cretaceous  strata,  and  are  found  in  part  also  at  a  distance  from  it  be- 
yond the  great  knot  of  transition  beds  which,  along  with  older  rocks, 
have  intruded  into  the  chain  of  the  Andes.j:  The  most  remarkable  of 
these  forms  is  the  beautiful  univalve,  which  Humboldt  first  brought 
from  San  Felipe  in  the  south  of  Quito,  near  the  Amazon  river,  and 
which  was  figured  and  described  by  me  as  Pleurotomahia  Humboldtii 
in  the  *  Petrifactions,'  v.  f.  26,  first  published  in  1839.  D'Orbigny, 
followed  by  Darwin,  names  it  "  Turritella  Andii^'*^  but  whether  cor- 
rectly is  still  very  doubtful.  It  appears  peculiarly  characteristic  of  the 
whole  southern  districts  of  America.  Darwin  has  found  it  in  abund- 
ance in  the  strata  of  Coquimbo,  on  the  Rio  Claro  and  near  Arqueros, 
and  in  like  manner  above  Guasco  and  near  Las  Amolanos  in  the  prin- 
cipal valley  of  Copiapo.     This  Pleurotomaria  is  always  conjoined  with 


*  Acta  der  Leopold.  Academic,  vol.  xvii,  pt  ii,  p.  649,  t  27,  f.  6. 

!GeoL  Observations  on  South  America,  1846. 
"  Beyond  and  north  of  the  great  shut  in  mountain-basin  of  Titicaca,  composed 
of  older  rocks,  the  trias  and  carboniferous  limestone."    (Bet.  iiber  die  Ver.  der  Kreide- 
Bild,  p.  27.) 
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the  Peciefiy  occurring  even  in  the  northern  regions  between  Montan 
and  Guancaveiica  in  such  incredible  numbers,  that  it  forms  fields,  nay, 
mountains  of  petrifactions,  long  and  very  generally  known  to  the  na- 
tives  under  the  name  of  "  Ckoropampas,'*'*  (Peclen  alaluSy  Dufresnoyi, 
d^Orb.)  It  was  this  shell  also  that,  in  1761,  excited  so  great  astonish- 
ment  in  Ulloa  at  the  great  elevation  above  the  level  of  the  sea,  at 
which  mountains  composed  of  shells  were  seen,  and  this  astonishment 
was  repeated  in  all  text-books,  till  it  was  discovered  that  the  shells  had 
not  necessarily  lived  at  this  elevation,  but  might  have  l>een  raised  up 
from  the  depths  of  the  sea.  Since  Hippurites  organisans  (D^Orb.,  p. 
107,  t.  22)  occurs  with  the  pecten-strata,  it  is  evident  that  all  these 
beds  in  Peru,  as  at  Coquimbo  and  Copiapo,  must  be  conjoined  at  least 
with  the  gault ;  a  result  which  is  most  strikingly  confirmed  by  an 
Exogyra  which  M.  Domeyko  has  sent  to  Paris.  This  is  indeed  per- 
fectly  identical  with  the  Gryphaa  (Exogyra)  Pitscheri  from  Texas, 
already  described  and  figured  by  Morton,  and  the  position  of  which 
above  the  gault  at  Friederichsberg  has  been  very  accurately  ascertained 
by  Ferdinand  Romer. 

Lower  cretaceous  strata,  similar  to  those  of  Aconcagua,  are  never- 
theless  not  altogether  unknown  in  the  Andes  mountains  near  Lima. 
The  celebrated  zoologist  von  Tschudi  has  found,  on  the  eastern  de- 
clivity of  the  mountains,  between  Oroja  and  Yauti,  near  Tarma,  along 
with  many  others,  some  perfectly  characteristic  neocomien  shells : — 
Plerocera  Emericiy  (D'Orb.,  p.  216,)  conoidea^  Goldfs. ;  Holaster  dila* 
tatus  and  Holaster  complanatus  or  Spatangus  retusus^  both  identified 
by  Agassiz ;  Diadema  Bourgeti^  also  determined  as  such  in  Neufcha- 
lel ;  Peclen  cretosus^  Brgnt.  and  Pecten  quinquecostatus. 

According  to  this,  the  cretaceous  formation  in  South  America  ap- 
pears to  be  developed  in  an  entirely  different  manner,  in  much  greater 
thickness  and  variety  than  to  the  north  of  the  Gulf  of  Mexico,  and  the 
agreement  with  the  European  cretaceous  strata  is  also  much  more 
complete  in  the  Andes.  It  is,  however,  highly  remarkable,  that  in 
North  America  the  cretaceous  strata  are  spread  out  quite  horizontally 
over  immense  spaces,  and  that  they  consist  chiefly  of  clay  and  sand, 
and  other  slightly  coherent  masses.  In  South  America  we  only  see 
black  limestones  or  compact  sandstones,  of  such  consistence,  that  one 
often  believes  them  to  be  pure  quartz,  as  between  the  Maranon  and 
Lima ;  along  with  this,  the  strata  are  never  horizontal,  but  always  more 
or  less  inclined ;  a  disturbed  position  which  they  evidently  can  only 
owe  to  powerful  disturbing  forces.  There  can  be  less  doubt  in  regard 
to  this,  when  it  is  seen,  as  Meyen  informs  us,  that  the  precipitous  cone 
of  the  Volcano  of  Maypo  consists  for  two-thirds  of  its  height  of  chalk 
rich  in  petrifactions,  and  that  throughout  the  whole  of  Chili  masses  of 
gypsum,  many  thousand  feet  thick,  surround  the  volcanos,  and  the 
cretaceous  strata  first  appear  quite  above  them.  But  when  we  leave 
this  desolation,  the  chalk  also  has  vanished.  It  never  reaches  the  plain 
of  the  Pampas  on  the  east ;  a  chain  of  Devonian  strata  at  the  eastern 
foot  of  the  Andes  does  not  permit  it  even  once  to  touch  on  the  out- 
skirts of  the  vast  plains  of  the  Pampas.  As  little  can  it  extend  west- 
wards towards  the  Pacific  Ocean.  A  considerable  elevation  on  the 
mountains  must  be  attained  before  it  is  met  with.     What  then  can  in* 
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duce  the  chalk  to  ruD  along^  oDly  id  the  direction  of  the  high  mociDtftifl 
ridge  of  the  volcanos,  and  only  in  a  narrow  band,  and  never  to  descend 
into  the  plains ! !  In  the  whole  of  Brazil,  in  the  wide  regions  of  La 
Plata,  Paraguay,  Bolivia,  the  chalk  is  never  again  seen,  and  indeed 
does  not  exist.  Is  it  not  like  a  band  of  chalk  which  has  been  formed 
along  the  volcanic  fissure  of  the  Andes  before  the  mountains  were  ele- 
vated,  perhaps  because  the  slightly  concealed  fissure  had  produced  the 
conditions  of  life  and  existence  for  the  cretaceous  mollusca  on  a  more 
extensive  and  easily  attainable  scale  ? 

Darwin  has  followed  the  cretaceous  strata  to  the  extreme  point  of 
the  continent.  He  saw  cretaceous  shells  in  abundance  on  the  top  of 
Mount  Tarn  2000  feet  high,  near  Port  Famine  in  the  Straits  of  Magel- 
lan, and  in  53  degrees  of  south  latitude,  and  consequently  three  de- 
grees of  latitude  higher  than  on  the  Missouri.  Ancydoceras  simplex^ 
d^Orb.,  and  Hamites  elalior^  Sow.,  leave  no  doubt  of  the  chalk.  The 
Hamite  is  even,  says  Prof.  Edward  Forbes,  one  of  the  largest  ever 
seen,  fully  2j-  inches  in  its  largest  diameter.  Darwin^s  discovery  prob- 
ably determines  the  most  southern  limit  of  the  cretaceous  formations; 
and  hence  polar  influences  may  have  here  also  opposed  its  further  ex- 
tension towards  the  Pole.  j.  n. 

III.  Zoology. 

1.  Contributions  to  the  Natural  History  of  the  Acalepha  of  North 
America;  by  L.  Agassiz:  Part  I,  on  the  Naked-eyed  Medusae  of  the 
shores  of  Massachusetts  in  their  perfect  state  of  development,  (Trans- 
actions of  the  American  Academy  of  Arts  and  Sciences,  2nd  Series, 
Vol.  Ill,  Part  I,  Article  IX,  pp.  221  to  316,  4to,  with  8  plates. )— Profes- 
sor Agassiz,  in  this  paper,  gives  his  readers  Part  I.  of  his  researches 
on  the  Medusae  of  the  American  Coast.  His  investigations  have  brought 
to  light  much  that  is  new  and  of  deep  interest  to  science :  and  they  are 
illustrated  by  beautiful  as  well  as  faithful  engravings.  The  species  de- 
scribed are  Sarsia  marabilis^  Hippocrene  super ciliar is ^  Tiar apsis  dia- 
demata^  and  Staurophora  laciniata. 

Prof.  Agassiz,  in  the  course  of  his  memoir,  makes  some  observations 
on  the  classification  of  these  animals,  and  gives  reasons  for  including 
all  the  naked-eyed  Medusse  in  one  family.  He  points  out  the  little  im- 
portance to  be  attached  (except  for  generic  and  specific  distinctions)  to 
the  number  of  tentacles,  and  the  position  of  the  ovaries  in  these  Me- 
dusae. The  grand  characters  of  the  group  or  family  are  as  follows  : — 
—consisting  of  a  gelatinous  disk  with  the  margin  re-entering  so  as  to 
form  a  cavity  beneath  ; — a  central  digestive  cavity,  from  which  tubes, 
carrying  chyme  and  forming  a  chymiferous  system,  radiate  towards 
the  margin  and  connect  with  or  pass  into  a  circular  tube  situated  near 
the  margin  ; — tentacles  and  eye-specks  along  this  margin  ;  mouth  cen- 
tral but  varying  in  size  and  form  ; — reproductive  organs  following  the 
chymiferous  system  ; — a  nervous  ring  adjoining  the  submarginal  chym- 
iferous tube  ; — generation  alternate,  one  form  Polypoid,  and  the  other 
Medusoid. 

Among  the  species  described,  we  select  for  particular  notice  the 
Hippocrene  super ciliaris^  the  observations  on  which  embrace  the  prin- 
cipal points  determined  by  the  author.     This  beautiful  Medusse  is  a 
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globular  bell -shape  animal  with  4  bunches  of  tentacles  on  the  lower 
margin.  In  the  inner  cavity  of  the  bell,  at  centre,  there  is  a  dark  four- 
sided  mass,  containing  the  mouth  and  dit^estive  cavity,  about  as  broad 
as  long.  In  some  species,  as  the  genus  Sarsia^  this  mass  is  elongated 
into  a  movable  prot>oscis,  in  others  it  is  scarcely  projecting.  From  its 
angles,  in  the  Hippocrene,  proceed  internally  four  tubes  which  carry  from 
the  digestive  cavity  the  chyme  or  fluids  after  digestion,  diluted  with  more 
or  less  of  the  external  waters ;  these  tubes  pass  to  the  border  and  here 
connect  with  a  circular  tube  which  follows  the  margin  around,  and  in 
which  the  chyme  continues  its  course.  This,  as  Prof.  Agassiz  ex- 
plains with  many  details,  is  the  circulating  and  digestive  system  com- 
bined, of  this  and  other  species  of  the  family.  The  tubes  may  be 
closed  at  their  connection  with  the  stomach,  ^^  showing  that  the  food  is 
Dot  admitted  before  it  has  undergone  a  certain  degree  of  elaboration  | 
but  no  sooner  has  it  been  reduced  to  the  requisite  degree  of  fluidity^ 
io' which  the  particles  of  the  nourishing  materials  appear  like  little  glob- 
ules, than  they  open,  the  nutritive  fluid  passes  into  the  radiating  tubes, 
circulates  regularly  through  these  tubes  along  the  inner  walls  of  the 
disk,  and  through  them  passes  into  the  circular  tube  around  the  lower 
margin.^'  Prof.  Agassiz  observes  that  while  the  circulation  is  properly 
a  chyme  circulation  in  these  animals,  it  is  a  chyle  circulation  in  Articu- 
iata  and  Molluscs,  and  in  Vertebrata  alone,  true  blood.  The  particles 
in  the  circulating  fluid  of  these  Medusee  are  very  irregular  in  size  and 
color  and  are  evidently  only  the  imperfectly  digested  food. 

The  nervous  cord^  as  distinctly  made  out  by  Prof.  Agassiz,  follows 
the  circular  submarginal  tube  on  its  inner  side,  and  like  that,  is  a  com- 
plete ring.  At  the  base  of  the  cluster  of  marginal  tentacles  there  is  an 
enlargement  or  bulb-like  prominence.  Each  tentacle  contains  within  its 
base  a  black  point  which  subserves  the  purpose  of  vision.  The  bulb  is 
not  hollow  in  the  Hippocrene,  but  contains  an  enlargement  of  the  ner- 
vous cord,  which,  as  our  author  shows,  may  be  considered  a  ganglion, 
although  not  purely  nervous  matter  in  its  constitution,  and  this  position 
of  the  ganglion  has  a  direct  relation  to  the  organs  of  sense  clustered  near 
it.  The  nervous  cord,  under  a  high  magnifier,  appeared  as  a  string  of 
several  rows  of  nucleated  ovate  cells,  ranging  in  irregular  lines,  the 
cells  not  strictly  in  juxtaposition  by  their  ends,  but  alternate  more  or  less, 
so  as  to  form  a  cord-like  mass;  and  it  was  distinctly  observed  passing  into 
the  angles  of  the  sensitive  bulbs.  The  dark  spot  of  the  bulb  consists 
of  pigment  cells,  which  point  to  the  centre  of  minute  black  eye-specks, 
showing  a  close  connection  between  these  dark  dots  and  the  centre  of 
the  bulb  where  the  nervous  ganglion  is  seated  ;  ^^  and  though  this  is  not 
an  arrangement  known  in  the  organs  of  vision  of  any  other  animals, 
we  are  at  least  reminded  by  these  peculiarities  of  the  structure  of  the 
compound  eye  of  insects,  in  which  the  pigment  pillars  intervening  be- 
tween the  nervous  mass  at  the  base  of  the  eyes  present  a  structure  not 
very  different  from  that  of  the  radiating  cones  in  the  bulb  of  the  Hip- 
pocrene." 

There  is  a  similar  ganglion  in  each  of  the  four  bulbs.  A  branch  of 
the  nervous  thread,  or  what  appeared  to  be  a  continuation  of  it,  was 
detected  along  each  chymiferous  tube  leading  upward  towards  the  di- 
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gestive  cavity ;  and  above,  near  where  these  tubes  bend  towards  this 
eavity,  the  cord  passes  around  so  as  to  form  a  circle,  about  the  upper 
pan  of  ihe  chymiferous  system  or  near  the  centre  of  the  disk.  There 
is  thus  a  marginal,  and  (if  there  be  no  mistake  as  to  its  nervous  char- 
acter,) a  central  circle  to  the  nervous  system  ;  from  the  latter  at  a  point 
half  way  between  two  chymiferous  tubes  a  branch  passes  off  and  de- 
scends to  the  buccal  or  digestive  mass  t>elow,  and  other  branches  goto 
the  inner  muscles.  Professor  Agassiz  observes  that  there  is  a  differ- 
ence between  the  cord  of  the  lower  margin  and  the  other  threads,  and 
he  was  not  fully  satisfied  of  the  real  nature  of  the  latter.  Instead  of 
consisting  of  distinct  cells,  they  are  thin  threads  in  which  the  cellular 
appearance  is  almost  gone,  excepting  where  they  combine  to  form  a 
plexus  in  which  some  of  the  threads  have  the  form  of  long  caudate 
cells:  they  differ  from  muscular  fibres  as  much  as  they  do  from  the 
mam  nervous  cord.  No  contraction  was  observed  in  them  ;  this 
fact,  and  also  their  connection  with  the  chymiferous  tubes  and  the 
sensitive  bulbs  below, — the  nature  and  position  of  the  plexuses  as  well 
as  their  branching  to  the  digestive  organ  and  to  the  muscles— favor 
the  view  taken.  The  close  juxtaposition  of  the  chymiferous  system 
—the  source  of  nutriment — with  the  nervous  system  and  the  sensitive 
bulbs  and  eye-specks,  is  remarked  upon  as  a  fact  of  much  interest. 

The  muscular  system  is  minutely  developed  in  this  memoir  and  well 
brought  out  in  the  figures.  The  muscles  consist  of  contractile  cells, 
rather  than  of  fibres.  Over  the  surface  of  the  bell-shaped  part  of  the 
disk,  the  epiiheiium  consists  of  irregular  polygonal  cells,  of  very  faint 
outline,  hardly  distinguishable  except  by  a  kind  of  mosaic  arrangement 
seen  by  means  of  their  granular  contents.  On  the  sides  and  above  the 
disk  as  well  as  on  the  inner  surface  of  the  main  cavity,  these  cells  are 
more  regular  and  distinct.  The  network  of  muscles,  or  rather  lines  of 
contractile  cells,  beneath  the  epithelium  extend  in  two  main  direc- 
tions ;  the  main  bundles  being  vertical,  four  in  number,  and  alterna- 
ting with  the  chymiferous  tubes;  and  the  others  transverse  circular,  in 
four  narrow  ranges,  but  with  others  smaller  and  less  regular.  The 
fibres  are  chiefly  superficial  though  penetrating  somewhat  into  the  gel- 
atinous disk.  In  the  inner  cavity,  there  are  four  vertical  muscular 
bundles,  ranging  between  the  chymiferous  tubes,  which  terminate  mid- 
way between  the  sensitive  bulbs;  and  also  eight  others  much  smaller, 
alternating  by  twos  with  these  four.  This  same  cavity  has  a  transverse 
layer  of  contractile  cells  lining  the  whole  interior,  as  was  distinctly  ob- 
served on  close  examination.  It  properly  consists  of  four  parts,  ex- 
tending from  one  chymiferous  tube  to  another.  There  is  still  another 
muscular  system  extending  between  the  four  sensitive  bulbs,  within  the 
lower  margin,  which  is  made  up  of  a  thick  layer  of  muscular  fibres, 
with  which  alternate  some  few  radiating  fibres,  crossing  the  former  at 
right  angles  and  most  numerous  about  the  eye-specks. 

It  is  now  well  known  that  these  Medusae  in  one  stage  of  their  exist- 
ence have  a  polyp  form,  and  these  Hydroid  polyps  are  therefore  only 
imperfect  Meduss.  The  Sarsia  in  one  of  its  conditions  is  a  Coryna^  and 
the  species  of  Coryna  pertaining  to  the  Sarsia  mirabilis  (although  not 
figured  in  this  memoir,  which  treats  only  of  these  animals  in  their  per- 
fect state  of  development)  is  well  known  in  the  Boston  Harbor  and  has 
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been  often  collected  by  Prof.  Agassiz.  The  polyp  of  the  Hippocrene 
is  still  unknown  :  but  we  have  here  the  suggestion,  with  some  good 
reasons  for  admitting  its  correctness,  that  it  is  a  Tuindaria^  a  fine  spe* 
cies  of  which  is  well  known  in  the  same  harbor. 

Many  other  points  are  detailed  in  this  memoir  which  we  have  to  pass 
by  at  this  lime. 

Besides  the  species  mentioned  as  described  in  this  paper,  the  author 
briefly  mentions  two  new  species  of  Thaumanlias  (T.  diaphana  and 
T.  pilosella) ;  and  also  a  new  genus  near  Hippocrene  which  he  calls 
Nemopsis^  in  allusion  to  the  fact  that  two  of  the  eye-specks  of  each 
cluster  have  a  slender  pedicel  instead  of  being  sessile  like  the  others 
near  the  bases  of  the  tentacles.  The  species  was  taken  in  Nantucket 
Harbor,  June,  1849,  and  is  named  N.  Bachei, 

2.  On  the  Structure  of  Nummulina ;  by  W.  B.  Carpenter,  M.D., 
F.R.S.,  (Quart.  J.  Geol.  Soc,  Nl».  21,  Feb.  1,  1850.)— In  this  elabo- 
rate  and  well  illustrated  memoir,  Mr.  Carpenter  sustains  the  opinion 
that  the  Nummulites  are  true  Foraminifera.  The  succession  of  cells 
in  a  spiral  order  was  pointed  out  by  D^Orbigny  as  favoring  this  view. 
Carpenter  remarks  also  that  the  cells  or  chambers  are  not  even  and 
regular  as  in  the  chambered  shells  of  the  cephalopodous  mollusks,  but 
irregular  and  of  varying  size,  and  hence  infers  that  the  cells  must  have 
corresponded  to  separate  individuals,  like  the  polyps  of  a  compound 
coral  zoophyte,  and  that  they  were  the  result  of  successive  gemmation. 
The  septa  are  found  under  a  high  lens  to  be  double,  each  cell  having 
its  own  proper  wall.  A  distinct  perforation  passes  through  the  septa, 
as  observed  by  D'Orbigny,  and  still  more  minute  apertures,  varying  in 
number  and  position,  exist  on  the  surface  of  each  septum  penetrating, 
however,  only  a  single  wall.  The  successive  whorls  of  the  Nummu- 
liie  are  well  known  to  envelop  and  invest  completely  each  the  preceding, 
so  that  in  a  vertical  section  each  chamber  of  the  medial  plane  is  seen  to 
be  covered  with  as  many  layers  of  shell  above  and  below  its  own  roof 
and  floor,  as  there  are  chambers  intervening  between  it  and  the  nearest 
margin  of  the  sections.  A  series  of  perforations  were  detected  by 
Carpenter,  extending  from  the  exterior  directly  downwards  until  they 
reach  the  roof  and  floor  of  the  central  plane  which  they  do  not  pene- 
trate. They  terminate  over  the  septa  and  pass  actually  into  the  inter' 
septal  spaces^  which  have  numerous  communications  with  the  chain- 
bers  themselves.  Thus  there  is  a  direct  communication  of  a  tubular 
character  between  the  interseptal  spaces  of  tho  central  plane  and  the 
external  surface,  so  that  all  these  spaces  communicate  with  the  medium, 
which  the  animal  may  inhabit.  ^^  In  the  Nummulina  eomplanala  and 
other  species  in  which  each  investing  whorl  is  in  contact  with  the  one 
it  encloses,  except  at  its  edge,  the  perforations  have  the  form  of  fissures, 
that  correspond  with  the  subjacent  septa,  towards  which  they  directly 
pass.'^  These  fissures  are  usually  found  to  be  filled  with  opake  matter; 
and  the  dark  bands  thus  formed  in  a  transparent  section  are  seen  to  be 
crossed  by  delicate  white  lines,  which  seem  to  indicate  a  division  of 
the  fissure  into  a  number  of  tubes  of  irregular  form,  probably  for  the 
passage  of  pseudopodia.  The  animal  segments  of  the  several  cells 
though  distinct  have  a  connection  by  fibres  or  tubes,  and  it  is  probable 
that  the  inner  whorls  retained  their  vitality,  although  so  deeply  inclosed. 
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and  absorb  their  nourishment  probably  by  means  of  filamantoos  pwo* 
dopodia  projecting  through  the  system  of  passages  leading  from  the 
medial  plane  to  the  inner  surface. 

The  memoir  contains  also  the  results  of  a  microscopic  iuTeatigatioB 
of  the  Orbitoliies,  showing  their  relation  to  the  Nummulites,  and  also 
observations  upon  the  Orbitoides,  indicating  that  they  also  are  Fo» 
laminifera. 

IV.  Miscellaneous  Intelligence. 

1.  On  the  Negro  Races  of  Oriental  Africa;  by  M.  Srikes,  (L'ln- 
stitut,  No.  857,  June  5,  1850,  from  the  Proceedings  of  the  Academy 
of  Sciences  of  Paris,  June  3,  1850.) — M.  Serres  read  a  report  on  the 
negro  races  of  Oriental  Africa,  south  of  the  equator,  observed  by  M. 
de  Proberville.  The  conclusions  of  the  report  are  as  follows: — That 
the  gradation  or  degradation  of  the  physical  characters  of  the  Ostro- 
Negros  justifies  in  all  points  the  divisions  which  the  author  has  laid 
down  ; — that  among  these  characters,  the  prognatism  of  the  roaxilianes, 
the  thickness  and  prominence  of  the  lips,  the  woolly  or  frizzled  tendency 
in  the  hair,  the  shades  of  color  in  the  skin,  are  particularly  and  properly 
brought  out ;— *that  with  regard  to  the  prognatism  of  the  maxillaries  and 
the  peculiarity  of  the  lips  **  en  forme  de  boudin,"  there  is  a  regular  gra- 
dation from  the  Congo-Guinea  negro  to  the  Eastern  Oceanic  negro,  and 
from  these  to  the  Cafi'ro-Bechuans,  and  these  last  graduate  into  the  Sem* 
hie  mongrels  in  those  physical  conditions  where  they  are  observed  is 
some  branches  of  the  Caucasian  race ; — that  this  gradation  of  characters, 
of  so  much  interest  in  the  study  of  the  races  of  men,  is  well  sustained 
by  a  comparison  of  the  busts  executed  by  M.  de  Proberville,  and  beUer 
still  by  the  portraits  obtained  by  means  of  the  daguerreotype  by  Dr. 
Jacquart ; — that  the  existence  of  a  type  uniformly  disseminated  among 
the  negro  tribes  distributed  south  of  the  equator  to  the  gulf  of  Mozam- 
bique having  close  relations  to  the  Semitic  type  is  a  fact  of  great  inter- 
est in  anthropology  ; — that  this  interest  is  independent  of  the  Pheniciao 
origin  which  M.  de  Proberville  attributes  to  it,  and  which  at  present  is 
only  an  hypothesis; — that  the  repetition  of  an  oceano-negro  type 
among  one  of  the  groups  of  Oriental  Africa  is  also  a  most  curious  re- 
sult bearing  upon  the  affiliation  of  races,  in  spile  of  the  disagreement 
which  exists  in  this  subject  between  ethnology  and  anthropology  ;-— 
that,  finally,  from  the  analysis  and  comparison  of  the  physical  charac- 
ters of  the  Ostro-negros,  the  conclusion  of  the  author  is  obvious  and 
decisive,  that  '^the  more  thoroughly  and  comprehensively  the  Congo- 
guinean,  Caff ro- bee huan  and  Ostro-negro  races  are  studied,  the  mora 
distinctly  does  the  unity  of  the  human  race  come  out  as  an  established 
principle  in  science. 

2.  Fabrication  of  Zinc  compounds  not  injurious  to  healih. — At  a 
meeting  of  the  Academy  of  Sciences  at  Paris  in  June  last,  M.  Sorel, 
replying  to  some  authors  who  at  preceding  sessions  of  the  Academy 
had  made  observations  tending  to  show  that  zinc  was  not  innocuous, 
stated  that  for  fifteen  years  he  had  employed  in  his  establishments  for 
the  galvanization  of  iron  several  hundred  workmen,  a  large  number  of 
whom  were  occupied  with  pulverizing  and  sifting  the  gray  or  subozyd 
of  z'mc,  for  galvanic  painting,  and  in  no  inatanee  had  any  of  the  w(^- 
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men  of  the  establishment,  although  in  the  midst  of  an  atmosphere  con* 
taining  much  of  the  oxyd,  suffered  at  all  from  it.  The  white  oxyd  of 
zinc  had  also  been  fabricated  for  some  months,  without  any  ill  effects, 
although  the  men  breathe  considerable  quantities  of  the  oxyd. 

3.  Anchor-Ice;  by  Prof.  C.  Dewey. — Water  sometimes  freezes 
upon  stones  below  the  unfrozen  surface  of  the  water.  Fastened  in  this 
way,  it  passes  under  the  common  name  of  anchor-ice.  As  soon  as 
the  ice  is  detached,  it  ri^s  to  the  surface  and  floats  upon  it.  In  ex- 
plaining this  phenomenon,  it  has  been  said,  that  in  thus  freezing,  the 
water  parts  with  its  latent  caloric  to  the  stone  and  crystallizes  upon  it, 
and  that  its  crystals  are  then  heavier  than  water.  The  first  part  of 
this  solution  is  only  a  statement  of  the  fact  in  chemical  language,  and 
the  last  part  is  opposed  by  the  fact  that  the  detached  ice  uniformly  and 
directly  rises  to  the  surface. 

The  observed  facts  are  the  following.  Anchor-ice  forms  in  still  or 
running  water,  and  often  where  the  current  is  rapid ;  on  stones  of 
quartz,  granite,  mica-slate,  or  limestone,  and  on  wood  fresh  or  old 
under  water ;  in  masses  from  less  than  an  inch  to  two  or  three  inches 
thick,  over  stones  several  inches  in  diameter  as  well  as  on  smaller  ones ; 
of  a  spongy  or  fibrous  appearance  under  the  water,  but  composed  of 
flat  irregular  crystalline  plates  or  tables,  with  regular  angles  and  ter- 
noinations,  cohering  or  strung  along  upon  each  other,  exceedingly 
white  and  beautiful ;  when  the  surface  of  the  water  is  free  from  ice, 
and  the  temperature  of  the  whole  is  at  the  freezing  point  as  shown  by 
the  thermonoeter,  and  the  atmosphere  is  below  the  freezing  point  sev- 
eral degrees ;  when  none  is  on  the  stones  at  sunset,  they  are  covered 
in  the  morning  after  a  clear  and  cool  night.  This  ice  begins  to  leave 
the  stones  in  the  morning,  and  before  noon  has  all  risen  and  disappear* 
ed,  often  covering  the  whole  surface  of  the  water  for  some  time.  Re- 
peated instances  of  these  various  particulars  were  observed  by  me  in 
the  latter  part  of  March  last,  in  Queechy  River,  at  Woodstock,  Vt.,  a 
stream  there  three  to  six  rods  in  width  and  of  variable  depth.  The 
stones  lay  loose  on  the  bottom,  often  on  sand,  and  had  no  connection 
with  rocks  which  sometimes  extended  from  the  bottom  to  air  or  to  the 
frozen  earth  in  the  banks  out  of  the  water.  This  ice  was  formed  all 
along  the  bottom,  probably  for  miles  where  the  same  circumstances 
occurred.  I  saw  it  also  on  wood  under  water,  and  in  one  instance  oo 
a  piece  fresh  sawed  from  a  log  of  hemlock.  The  depth  to  the  ice  (be- 
low the  surface  of  the  water)  was  from  a  few  inches  to  three  feet,  and 
the  water  sometimes  nearly  still  and  at  other  places  in  rapid  motion. 

The  principle  of  this  phenomenon  is  probably  the  same  as  the  fol- 
lowing. 

Saturated  solutions  of  some  salts,  as  sulphate  of  soda,  at  a  high  tem- 
perature, may  be  gradually  cooled  at  rest  without  depositing  the  salt 
The  agitation  of  the  cooled  solution,  on  putting  a  rod  of  glass,  wood  or 
metal  into  it,  commonly,  but  not  always^  causes  the  deposition  of  the 
substance.  A  crystal  dropped  into  the  solution  directly  begins  the 
crystallization  of  the  salt.  It  is  well  known  that  water  may  be  cooled 
in  a  still  vessel  below  32°  without  freezing,  but  a  little  agitation  pro- 
duces congelation  of  a  part  of  the  water  in  long  fibrous  or  laminated 
crystals. 
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The  stream  of  water  is  cooled  to  the  freezing  point,  and  by  the  cold 
of  the  night  its  temperature  is  still  more  reduced.  In  this  state  the 
catoric  is  more  than  saturated,  and  the  stones  and  wood  under  the 
water  perform  the  part  of  the  crystals  or  rod  in  the  solution  of  salt, 
and  the  ice  forms  upon  them. 

The  quantity  of  anchor-ice  formed  would  be  small  for  an  obvious 
reason.  Every  pound  of  water  frozen  would  evolve  142^  of  caloric^ 
which  would  raise  142  pounds  of  water  one  degree,  or  71  pounds  two 
degrees.  Allowing  the  temperature  of  the  stream  to  be  reduced  to 
3P  or  30®,  the  congelation  of  a  relatively  small  quantity  would  thus 
prevent  the  further  congelation,  while  the  crystals  of  ice  would  be 
fbrmed  under  water  where  the  solid  bodies,  as  wood  or  stone,  are. 

Considering  how  poor  a  conductor  of  caloric  wood  is,  it  can  hardly 
be  supposed,  that  anchor-ice  is  formed  on  solid  bodies  merely  because 
they  are  better  conductors  of  catoric  than  water  is,  and  the  more  so, 
because  they  must  have  the  same  temperature  as  the  water. 

Roche.^ter,  July,  1860. 

P.  S.  Rocks  sometimes  pass  from  a  frozen  bank,  by  connection  with 
which  their  temperature  may  be  as  low  as  20°,  into  and  under  water, 
which  congeals  on  them  because  they  are  so  cold,  and  thus  forms  solid 
ice.  This  is  not  a  case  of  anchor-ice,  nor  has  it  the  form  of  that  ice. 
When  a  rock,  projecting  from  water,  congeals  the  water  into  solid  ice 
around  it,  this  is  not  anchonice.  To  the  first  of  these  cases  is  doubt- 
less  to  be  referred  that  of  James  River,  noticed  in  vol.  xxxvi,  p.  186  of 
this  Journal.  The  explanation  of  it  in  vol.  xli,  p.  407,  will  hardly  be 
considered  applicable  to  real  anchor-ice.  It  is  probable  that  some  of 
the  ice  in  James  River  may  be  of  the  kind  above  described,  though  1 
have  never  seen  it  in  solid  masses,  but  of  a  spongy  appearance.  This 
form  the  anchor-ice  retains  after  it  has  risen  to  the  surface  of  the  water. 

4.  Discovery  of  the  Great  Lake  *'  Ngami^''^  of  South  Africa ;  (Let* 
from  the  Rev.  David  Livingston,  addressed  to  the  Rev.  Authur  Tid- 
man,  Foreign  Secretary,  London  Missionary  Society ;  dated.  Banks  of 
the  River  Zongti,  3rd  September,  1849 ;  cited  from  Jameson's  Jour- 
nal, July,  1850,  vol.  xlix,  p.  156.) — Dear  Sir^ — I  left  my  station,  Ko- 
lobeng  (situated  25*^  South  lat.,  26  East  long.),  on  the  1st  of  June  last, 
in  order  to  carry  into  effect  the  intention,  of  which  I  had  previously  in- 
formed you,  viz.,  to  open  a  new  field  in  the  north,  by  penetrating  the 
great  obstacle  to  our  progress,  called  the  Desert,  which,  stretching  away 
on  our  west,  northwest,  and  north,  has  hitherto  presented  an  insur- 
mountable barrier  to  Europeans. 

A  large  party  of  Griquas,  in  about  thirty  waggons,  made  many  and 
persevering  efforts  at  two  diff^erent  points  last  year;  but,  though  inured 
to  the  climate,  and  slimtilated  by  the  prospect  of  much  gain  from  the 
ivory  they  expected  to  procure,  want  of  water  compelled  them  to  re- 
treat. 

Two  gentlemen,  to  whom  I  had  communicated  my  intention  of  pro- 
ceeding to  the  oft-reported  lake  beyond  the  desert,  came  from  England 
for  the  express  purpose  of  being  present  at  the  discovery,  and  to  their 
liberal  and  zealous  co-operation  we  are  especially  indebted  for  the  suc- 
cess with  which  that  and  other  objects  have  been  accomplished.  While 
waiting  for  their  arrival,  seven  men  came  to  roe  from  the  Batavana,  a 
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tribe  living  ob  the  banks  of  the  lake,  with  an  earnest  request  from  their 
chief  for  a  visit.  But  the  paih  by  which  ihey  had  come  lo  Kolobeng 
was  impracticable  for  waggons;  so,  declining  their  guidance  I  selected 
the  more  circuitous  route,  by  which  the  Bermangueato  usually  pass, 
and,  having  Bakwains  for  guides,  their  self-interest  in  our  success  was 
secured  by  my  promising  to  carry  any  ivory  they  might  procure  for. 
their  chiefs  in  my  waggon ;  and  right  faithfully  they  performed  their 
task. 

When  Sekhomi,  the  Bermangueato  chief,  became  aware  of  our  in- 
tentions to  pass  into  the  regions  beyond  him,  with  true  native  inhuman* 
ity  he  sent  men  before  us  to  drive  away  all  bushmen  and  Bakalihari 
from  our  route,  in  order  that,  being  deprived  of  their  assistance  in  the 
search  for  water,  we  might,  like  the  Griquas  above  mentioned,  be  com- 
pelled to  return  This  measure  deprived  me  of  the  opportunity  of  hold- 
ing the  intercourse  with  these  poor  outcasts  I  might  otherwise  have  en- 
joyed. But  through  the  good  providence  of  God,  after  travelling  about 
300  miles  from  Kolobeng,  we  struck  on  a  magnificent  river  on  the  4th 
of  July,  and  without  farther  difficulty,  in  so  far  as  water  was  concerned, 
by  winding  along  its  banks  nearly  300  miles  more,  we  reached  the  Ba* 
tavana,  on  the  lake  Ngami,  by  the  beginning  of  August. 

Previous  to  leaving  this  beautiful  river  on  my  return  home,  and  com- 
mencing our  route  across  the  desert,  I  feel  anxious  to  furnish  you  with 
the  impressions  produced  on  my  mind  by  it  and  its  inhabitants,  the  Bako- 
ba  or  Bayeiye.  They  are  a  totally  distinct  race  from  the  Bechuanas. 
They  call  themselves  Bayeiye  (or  men),  while  the  term  Bakoba  (the 
name  has  somewhat  of  the  meaning  of  "slaves,")  is  applied  lo  ihera 
by  the  Bechuanas.  Their  complexion  is  darker  than  that  of  the  Bech- 
uanas; and  of  300  words  I  collected  of  their  language,  only  21  bear 
any  resemblance  to  Sitchuana.  They  paddle  along  the  rivers  and  lake 
in  canoes  hollowed  out  of  the  trunks  of  single  trees ;  take  fish  in  nets 
made  of  a  weed  which  abounds  on  the  banks;  and  kill  hippopotami 
with  harpoons  attached  to  ropes.  We  greatly  admired  the  frank,  manly 
bearing  of  these  inland  sailors.  Many  of  them  spoke  Sitchuana  flu- 
ently, and,  while  the  waggon  went  along  the  bank,  I  greatly  enjoyed 
following  the  windings  of  the  river  in  one  of  their  primitive  craft,  and 
visiting  their  little  villages  among  the  reed.  The  banks  are  beautiful 
beyond  anything  we  had  ever  seen,  except  perhaps  some  parts  of  the 
Clyde.  They  are  covered,  in  general,  with  gigantic  trees,  some  of 
them  bearing  fruit,  and  quite  new.  Two  of  the  Boabab  variety  meas- 
ured 70  to  76  feet  in  circumference.  The  higher  we  ascended  the 
river,  the  broader  it  became,  until  we  often  saw  more  than  100  yards 
of  clear  deep  water  between  the  broad  belt  of  reed  which  grows  in  the 
shallower  parts.  The  water  was  clear  as  crystal,  and  as  we  approach- 
ed the  point  of  junction  with  other  large  rivers  reported  lo  exist  in  the 
north,  it  was  quite  soft  and  cold.  The  fact  that  the  Zonga  is  connect- 
ed with  large  rivers  coming  from  the  north  awakens  emotions  in  my 
mind,  which  make  the  discovery  of  the  lake  dwindle  out  of  sight.  It 
opens  the  prospect  of  a  highway,  capable  of  being  quickly  traversed 
by  boats,  to  a  large  section  of  well-peopled  territory. 

One  remarkable  feature  in  this  river  is  its  periodical  rise  and  fall. 
It  has  risen  nearly  three  feet  in  height  since  our  arrival,  and  this  is  the 
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dry  season.  That  the  rise  is  not  caused  by  rains  is  erident  from  the 
water  being  so  pure.  Its  purity  and  softness  increased  as  we  ascended 
towards  its  junction  with  the  Tamunakle,  from  which,  although  connected 
with  the  lake,  it  derives  the  present  increased  supply.  The  sharpness 
of  the  air  caused  an  amazing  keenness  of  appetite,  at  an  elevation  of 
little  more  than  2000  feet  above  the  level  of  the  sea  (water  boiled  at 
207^^  thermometer),  and  the  reports  of  the  Bayeiye,  that  the  waters 
came  from  a  mountainous  region,  suggested  the  conclusion  that  the  in- 
crease of  the  water,  at  the  beginning  and  middle  of  the  dry  season, 
must  be  derived  from  melting  snow. 

All  the  rivers  reported,  to  the  north  of  this,  have  Bayeiye  upon  them, 
and  there  are  other  tribes  on  their  banks.  To  one  of  these,  after  visit- 
ing the  Batavana,  and  taking  a  peep  at  the  broad  part  of  the  lake,  we 
directed  our  course ;  but  the  Batavana  chief  managed  to  obstruct  us, 
by  keeping  all  the  Bayeiye  near  the  ford  on  the  opposite  bank  of  the 
Zonga.  African  chiefs  invariably  dislike  to  see  strangers  passing  Ihem 
to  tribes  beyond.  Sebitoane, — the  chief  who  in  former  years  saved 
the  life  of  Sechele  our  chief, — lives  about  ten  days  northeast  of  the 
Batavana.  The  latter  sent  a  present  as  a  token  of  gratitude.  This 
would  have  been  a  good  introduction ;  the  knowledge  of  the  language, 
however,  is  the  best  we  can  have.  I  endeavored  to  construct  a  raft,  at 
a  part  which  was  only  fifty  or  sixty  yards  wide,  but  the  wood,  though 
sun-dried,  was  so  heavy  it  sunk  immediately;  another  kind  would  not 
bear  my  weight,  although  a  considerable  portion  of  my  person  was  un- 
der water.  1  could  easily  have  swam  across,  and  fain  would  have  done 
it ;  but,  landing  without  clothes,  and  then  demanding  of  the  Bakoba  the 
loan  of  a  boat,  would  scarcely  be  the  thing  for  a  messenger  of  peace, 
even  though  no  alligator  met  me  in  the  passage.  These  and  other 
thoughts  were  revolving  in  my  mind  as  I  stood  in  the  water, — for  most 
sorely  do  I  dislike  to  be  beaten, — when  my  kind  and  generous  friend 
Mr.  Oswell,  with  whom  aione  the  visit  to  Sebitoane  was  to  be  made,  of- 
fered to  bring  up  a  boat  at  his  own  expense  from  the  Cape,  which,  after 
visiting  the  chief,  and  coming  round  the  north  end  of  the  lake,  will  be- 
come missionary  property.  To  him  and  our  other  companion,  Mr.  Mur- 
ray, I  feel  greatly  indebted,— ^or  the  chief  expense^  has  been  borne  by 
them.  They  could  not  have  reached  this  point  without  my  assistance ; 
but,  for  the  aid  they  have  rendered  in  opening  up  this  field,  I  feel  greatly 
indebted ;  and,  should  any  public  notice  be  taken  of  this  journey,  I 
shall  feel  obliged  to  the  directors  if  they  express  my  thankfulness. 

The  Bayeiye  or  Bakoba  listened  to  the  statements  made  from  the 
Divine  Word  with  great  attention,  and  if  I  am  not  mrstaken,  seemed  to 
understand  the  message  of  mercy  delivered  better  than  any  people  to 
whom  I  have  preached  for  xhejirst  time.  They  have  invariably  a  great 
many  charms  in  the  villages;  stated  the  name  of  God  in  their  language 
(without  the  least  hesitation)  to  be  **Oreeja ;"  mentioned  the  name  of 
the  first  man  and  woman,  and  some  traditionary  statements  respecting 
the  flood.  I  shall  not,  however,  take  these  for  certain,  tilt  1  have  noore 
knowledge  of  their  language.  They  are  found  dwelling  among  the 
reed  all  around  the  lake,  and  on  the  banks  of  all  the  rivers  to  the  north. 

With  the  periodical  flow  of  the  rivers  great  shoals  of  fish  descend. 
The  people  could  give  no  reason  for  the  rise  of  the  water>  further  than 
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'Uiat  a  ebief,  who  lives  in  a  part  of  the  country  in  the  noHh,  called  Max- 
sekiva,  kills  a  man  annually  and  throws  his  body  into  the  stream,  after 
which  the  water  begins  to  flow. 

The  sketch  which  I  enclose  is  intended  to  convey  an  idea  of  the  river 
Zonga  and  the  lake  Ngami.  The  name  of  the  latter  is  pronounced  as 
if  written  with  the  Spanish  d,  the  g  being  inserted  to  show  that  the 
ringing  sound  is  required.  The  meaning  is  ^*  Great  Water.''  The  lat- 
itude, taken  by  a  Sextant  on  which  I  can  fully  depend,  was  20^  2(y 
south,  at  the  northeast  extremity,  where  it  is  joined  by  the  Zonga;  Ion* 
ffitude  about  24°  east.  We  do  noty  however^  know  it  with  certainty. 
We  left  our  waggon  near  the  Batavana  town,  and  rode  on  horseback 
about  six  miles  beyond  it  to  the  broad  part.  It  gradually  widens  out 
into  a  Firth  about  15  miles  across,  as  you  go  south  from  the  town,  and 
in  the  south-southwest  presents  a  large  horizon  of  water.  It  it  report" 
e^  to  be  about  70  miles  in  length,  bends  round  to  the  northwest,  and 
there  receives  another  river  similar  to  the  Zonga.  The  Zonga  runs  to 
the  northeast.  The  thorns  were  so  thickly  planted  near  the  upper  part 
of  this  river,  that  we  left  all  our  waggons  standing  about  180  miles 
from  the  lake,  except  that  of  Mr.  Oswell,  in  which  we  traveled  the  re- 
maining distance ;  but  for  this  precaution  our  oxen  would  have  been  un- 
able to  return.  I  am  now  standing  at  a  tribe  of  Bakurutse,  and  shall 
in  a  day  or  two  re-enter  the  desert. 

The  breadth  marked  is  intended  to  show  the  difference  between  the 
size  of  the  Zonga,  after  its  junction  with  the  Tamunakle  and  before  it. 
The  farther  it  runs  east,  the  narrower  it  becomes.  The  course  is 
shown  by  the  arrow-heads.  The  rivers  not  seen,  but  reported  by  the 
notices,  are  put  down  in  dotted  lines.  The  dotted  lines  running  north 
of  the  river  and  lake,  show  the  probable  course  of  the  Tamunakle, 
and  another  river  which  falls  into  the  lake  at  its  northwest  extremity. 
The  arrow-heads  show  also  the  direction  of  its  flow.  At  the  part  mark- 
ed by  the  name  of  the  Chief  Mosing  it  is  not  more  than  50  or  60  yards 
in  breadth,  while  at  20**  7'  it  is  more  than  100,  and  very  deep. 

The  principal  disease  reported  to  prevail  at  certain  seasons  appears, 
from  the  account  of  the  symptoms  the  natives  give,  to  be  pneumonia 
and  not  fever.  When  the  wind  rises  to  an  ordinary  breeze,  such  im- 
mense clouds  of  dust  arise  from  the  numerous  dried-out  lakes  called 
salt-pans,  that  the  whole  atmosphere  becomes  quite  yellow,  and  one 
cannot  distinguish  objects  more  than  two  miles  off.  It  causes  irritation 
in  the  eyes,  and,  as  wind  prevails  almost  constantly  at  certain  seasons, 
this  impalpable  powder  may  act  as  it  does  among  the  grinders  in  Shef- 
field. We  observed  cough  among  them,  a  complaint  almost  unknown 
at  Kolobeng.  Musquitoes  swarm  in  summer,  and  the  Banyan  and 
Palmyra  give  in  some  parts  an  Indian  cast  to  the  scenery. 

(Signed)        David  Livingston. 

5.  Comparison  of  Fahrenheit  and  Centigrade  Thermometers;  (L'ln* 
stitut.  No.  854,  Acad.  Sci.,  Paris.) — M.  A.  d'Abbadie  observes  that  the 
usual  formula  for  comparing  Fahrenheit  and  Centigrade  thermometers, 

(F-32*»)X100 
(C= 7gQ »  when  C  and  F  represent  respectively  the  degrees 

of  the  two  thermometers,)  supposes  that  180^  Fahrenheit  just  equals 
SmooKD  Sxans,  Vol  X,  No.  29.— Sept,  1850.  86 
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KXF  of  Centigrade ;  but  \n  France  the  height  of  the  barometer  for 
graduation  is  760  millimeters,  while  in  England  it  is  30  inches,  equiva- 
lent to  761  9862  millimeters.  The  Centigrade  scale  correspoodiog  to 
212**  Fahrenheit  is  therefore  1000727  degrees. 

To  this  correction  there  is  still  another,  (for  instruments  made  at 
London  and  Paris,)  amounting  to  -^xh  of  the  preceding,  which  depends 
on  the  difference  in  the  intensity  of  gravity  at  London  and  at  Paris. 
Representing  by  G  the  force  of  gravity  at  Paris,  and  by  g  that  at 
London,  and   deducing  G  and  g  from  the   observed  length   of  the 

G 
pendulum,  we  have.  Log.  —  =  — 1-998797.  We  hence  obtain  759*785 

millimeters  for  the  height  of  the  barometer  at  zero  in  London.  The  dif- 
ference is  equal  to  0*215  millimeters  or  0*0079  degrees. 

These  two  corrections  being  applied,  the  Parisian  scale  should  stand 
at  10008066  degrees,  when  the  London  scale  marks 212 degrees.    The 

(F-32^)X  10008066 
formula  then  becomes     C= t^ • 

The  correction  is  small ;  but  in  exact  observations,  the  thermometer 
is  read  to  0  08  degrees ;  and  it  is  desirable  that  even  a  slight  error  should 
not  be  added  to  errors  of  observation. 

6.  Discovery  of  an  Infusorial  Slrahtm  in  Florida  ;  by  Prof.  J.  W. 
Bailey. — While  on  a  visit  to  Tampa  (Fort  Brooke),  Florida,  1  noticed 
on  the  shores  of  Hillsborough  Bay,  between  the  mouth  of  Hillsborough 
River  and  Ballast  Point,  a  white  crumbling  rock,  which  by  its  lightness, 
friability  and  other  characters,  somewhat  resembled  the  Infusorial  Marls 
of  Virginia.  An  examination  made  upon  the  spot  with  a  common 
Coddint^ton  lens  enabled  me  to  see  small  circular  discs  upon  the  freshly 
fractured  surfaces,  which  subsequent  examinations  proved  to  belong  to 
the  genus  Coscinodiscus.  Numerous  other  marine  species  of  Navicula, 
Gallionella,  &c.,  together  wiih  numerous  spicules  of  Sponges  were 
recognized,  although  the  highly  indurated  or  lapidified  condition  of  the 
strata  rendered  the  determination  of  the  species  more  than  usually  dif- 
ficult. Of  the  precise  geological  position  of  this  deposit  1  cnooot  be 
certain,  but  it  is  associated  with  strata  containing  fossils  which  appear 
to  belong  to  the  epoch  of  the  eocene  tertiary.  This  discovery  of  an 
extensive  infusorial  bed  in  a  region  so  remote  from  those  previously 
noticed  in  Virginia  and  Maryland,  and  apparently  in  an  older  geological 
formation  will,  it  is  hoped,  lead  to  the  examination  of  other  localities, 
as  it  is  not  improbable  that  the  deposit  near  Tampa  may  be  a  portion 
of  a  deposit  as  remarkable  as  those  discovered  by  Prof.  W.  B.  Rogers 
in  Virginia  and  Maryland. 

7.  On  the  Application  of  Magnetism  as  a  Motix^e  Power ;  by  R. 
Hunt,  (Proc.  Society  of  Arts,  Athenaeum,  No.  1179,  p.  588.) — In  this 
paper  the  author  called  attention,  in  the  first  place,  to  the  numerous 
attempts  which  have  been  made  to  apply  electro-magnetism  as  a  power 
for  moving  machines,  and  particularly  described  the  apparatus  employ- 
ed by  Jacubi,  Dal  Negro,  M'Gauley,  Wheatstone,  and  others,  noticing 
incidentally  the  machines  recently  constructed  by  Mr.  Hjorth.  Since, 
notwithstanding  the  talent  which  has  been  devoted  to  this  interesting 
subject,  and  the  large  amount  of  money  which  has  been  spent  in  the 
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construction  of  machines,  the  public  are  not  in  possession  of  any  elec- 
tro-magnetic machine  which  is  capHble  of  exerting  poner  economic* 
ally  ;  and  ftndmg  that,  notwithstanding  the  aid  given  to  Jacobi  by  the 
Russian  Government,  that  able  experimentalist  has  abandoned  his  ez- 
periniental  trials, — the  author  has  been  induced  to  devote  much  atten- 
tion to  the  examination  of  the  first  principles  by  which  the  power  is 
regulated,  with  the  hope  of  being  enabled  to  set  the  entire  question  on 
a  satisfactory  basis.  The  phenomenon  of  electromagnetic  induction 
was  explained,  and  illustrations  given  of  the  mtignetizaiion  of  soft  iron 
by  means  of  a  voltaic  current  made  to  circle  around  it.  The  power 
of  electro-magnets  was  given,  and  the  author  stated  his  belief  that  this 
power  could  be  increased  witliout  limitation.  A  voltaic  current  pro- 
duced by  the  chemical  disturbance  of  the  elements  of  any  battery,  no 
matter  what  its  form  may  be,  is  capable  of  producing  by  induction  a 
magnetic  force,  this  magnetic  force  being  aftcaps  in  an  exact  ratio  to 
the  amount  of  matter  {zinc,  iron,  or  otherwise)  consumed  in  the  lattery. 
Several  forms  of  the  voltaic  battery  were  explained,  particularly  those 
of  Daniell,  Grove,  Bunsen,  and  Keinsch,  the  latter  being  constructed 
without  metals,  depending  entirely  on  the  action  between  two  dissimilar 
fluids,  slowly  combining.  The  author  had,  however,  proved,  by  an 
extensive  series  of  experiments,  that  the  greatest  amount  of  magnetic 
power  is  produced  when  the  chemical  action  is  most  nipid.  Hence, 
in  all  magnetic  machines,  it  is  more  economical  to  employ  a  battery  in 
intense  action,  than  one  in  which  the  chemical  action  is  slow.  It  has 
been  proved  by  Mr.  Joule,  and  most  satis'actorily  confirmed  by  the 
author,  that  one-horse  power  is  obtainable  in  an  electro- magnetic  en- 
gine, the  most  favorably  constructed  to  prevent  loss  of  power,  at  the 
cost  of  45  lb.  of  zinc,  in  a  Grove's  battery,  in  twenty. four  hours; 
while  75  lb.  are  consumed  in  the  same  time  to  produce  the  same  power 
in  a  battery  of  DanielPs  construction.  The  cause  of  this  was  referred 
to  the  necessity  of  producing  a  high  degree  of  excitement,  to  over- 
come the  resistance  which  the  molecular  forces  offer  to  the  electrical 
perturbations,  on  which  the  iDagnetic  force  depends.  It  was  contended, 
that  although  we  have  not  perhaps  arrived  at  the  best  form  of  voltaic 
battery,  yet  that  we  had  learnt  sufficient  of  the  law  of  electro-magnetic 
forces  to  declare  that,  under  any  conditions,  the  amount  of  magnetic 
power  would  depend  on  the  change  of  state— consumption  of  an  ele- 
ment— in  the  battery,  and  that  the  question  resolved  itself  into  this : — 
What  amount  of  magnetic  power  can  be  obtained  from  an  equivalent 
of  any  material  consumed  ?  The  following  were  regarded  as  the  most 
satisfactory  results  yet  obtained: — I.  The  force  of  voltaic  current  be- 
ing equal  to  678,  the  number  of  grains  of  zinc  destroyed  per  hour  was 
151,  which  raised  9,000  lb.  one  fool  high  in  that  time.  2.  The  force 
of  current  being,  relatively,  1,300,  the  zinc  destroyed  in  an  hour  was 
291  grains,  which  raised  10,030  lb.  through  the  space  of  one  fool. 
3.  The  force  being  1,000,  the  zinc  consumed  was  223  grains;  the 
weight  lifted  one  foot  12,672  lb.  The  estimations  made  by  Messrs. 
Scoresby  and  Joule,  and  the  results  obtained  by  Oersted,  and  more  re- 
cently by  Mr.  Hunt,  very  nearly  agree  ;  and  it  was  stated  that  one 
grain  of  coal  consumed  in  the  furnace  of  a  Cornish  engine  lified  143 
lbs.  one  foot  high,  whereas  one  grain  of  zinc  consumed  in  the  battery 
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liAed  only  80  lbs.  The  cost  of  1  cwt  of  coal  is  under  9d. ;  the  eoit  of 
1  cwt.  of  zinc  is  2l6d,  Therefore,  under  the  most  perfect  coodilioosy 
mAgoetic  power  must  be  nearly  25  times  mure  ezpeosiye  than  steara 
power.  But  the  author  proceeded  to  show  that  it  was  almost  proved 
to  be  an  impossibility  ever  to  reach  even  this,  owing,  in  the  first  place, 
to  the  rate  with  which  the  force  diminishes  through  space.  As  the 
mean  of  a  great  many  experiments  on  a  large  variety  of  magnets,  of 
different  forms  and  modes  of  construction,  the  following  result  was 
given : — 

Magnet  and  armature  in  contact,  liAing  force   .         •  220  lb. 
*'  distant  ^  of  an  inch     .        .  90*6 

"  **      liT        •*     -         •        •  ^^'^ 

"       ^         "     .         .         .  501 

"  "       -bV         "     •        •        -  40-5 

Thus  at  one-fiAieth  of  an  inch  distance  ibur-fiflbs  of  the  power  are 
lost.  This  great  reduction  of  power  takes  place  when  the  magnets  are 
stationary.  The  author  then  proceeded  to  show  that  the  moment  tbey 
were  set  in  motion  a  great  reduction  of  the  original  power  immediately 
took  place ;  that,  indeed,  any  disturbance  produced  near  the  poles  of  a 
magnet  diminished,  during  the  continuance  of  the  motion,  its  attractive 
force.  The  attractive  force  of  a  magnet  being  150  lb.  when  free  of 
disturbance,  fell  to  one-half,  by  occasioning  an  armature  to  revolve 
sear  its  poles.  Therefore,  when  a  system  of  magnets  which  had  beea 
constructed  to  produce  a  given  power  is  set  in  revolution,  every  mag- 
net at  once  suffers  an  immense  loss  of  power^  and  consequently  their 
combined  action  falls  in  practice  very  far  short  of  their  estimated 
power.  This  fact  has  not  been  before  distinctly  stated,  although  the 
author  is  informed  that  Jacobi  observed  it.  And  not  merely  does  each 
magnet  thus  sustain  an  actual  loss  of  power,  but  the  power  thus  lost  is 
converted  into  a  new  form  of  force,  or  rather  becomes  a  current  of 
electricity,  acting  in  opposition  to  the  primary  current  by  which  the 
magnetism  is  induced.  From  an  examination  of  all  these  results,  Mr. 
Hunt  is  disposed  to  regard  electro- magnetic  power  as  impracticable, 
on  account  of  its  cost,  which  must  necessarily  be,  he  conceives,  under 
the  best  conditions,  fifty  times  nrK>re  expensive  than  steam  power,  and 
is  at  present  at  least  150  times  as  expensive.* 

8.  Improvements  in  the  Air-pwnp;  by  Mr.  Varlet,  Jr.,  (Atbenasom.) 
— In  place  of  the  two  barrels  and  vibrating  intermiuent  motion  of  the 
ordinary  pump,  Mr.  Varley  has  a  continuous  circular  motion  in  the  han- 
dle, and  one  double-acting  barrel.  The  piston-rod  is  attached  to  a  crank 
on  the  motion  shaft,  and  the  cylinder  oscillates  from  its  bottom,  a 
packed  joint  being  done  away  with  by  having  the  tube  between  the 
barrel  and  the  receiver  coiled  spirally,  which,  by  its  spring,  give*  play 
enough  for  oscillation  of  the  barrel.  Mr.  Varley  explained  his  larger 
pump,  in  which  there  are  some  contrivances  in  addition  to  those  al- 
ready mentioned.  Instead  of  a  valve  opening  inwards  into  the  barrel 
by  the  pressure  of  the  air,  as  in  the  old  pumps,  the  valve  is  worked  by 
an  eccentric,  and  is  so  arranged  as  to  open  a  communication  between 

♦  A  new  invention  hj  Pro£  Page,  described  at  the  recent  meeting  of  the  Amm- 
can  Association,  sets  aside  entirrly  this  calculatioo ;  the  whole  expenditure  for  the 
sine  ooonimed  in  producing  with  bu  maobine  1  bone  power  for  24  noun,  it  SO  oeota 
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llie  top  and  the  txittom  of  the  barrel  at  each  stroke,  by  which  the  rare* 
faction  of  the  air  is  doubled.  He  has  obtained^  with  this  pump,  a 
▼acuum  of  iV  of  an  inch  of  mercury. 

9.  On  Photography  on  Glass ;  by  T.  A.  Malonb,  ( Athenceum,  No. 
1179,  p.  589.) — Id  repeating  the  experiment  of  M.  Niepce  de  Saint* 
Victor  on  photography  on  albumen  (published  in  the  Technohgiste  for 
1848,)  1  was  led  to  devise  a  plan  of  my  own  for  making  '^  glass  nega- 
tives*'* I  proceeded  as  follows :— -To  the  white  of  an  egg  its  own  bulk 
of  water  was  added ;  the  mixture  beaten  into  a  froth  was  then  put  into 
a  strainer  made  of  letter-paper  so  twisted  as  to  form  a  cone,  having  a 
small  aperture  at  its  apex ;  pinned  near  the  base  to  hold  the  paper  to 
its  shape.  The  clear  diluted  albumen  soon  passed  through  into  a  wide* 
mouthed  bottle,  which  answered  the  double  purpose  of  a  receptacle  for 
the  fluid  and  a  support  to  the  cone.  A  piece  of  plate-glass,  thick  or  thin, 
as  you  please,  was  then  rubbed  with  a  solution  of  caustic  alkali,  washed 
in  water,  and  dried  with  a  cloth  :  just  before  applying  the  albumen,  the 
glass  was  breathed  upon  and  rubbed  with  new  blotting-paper ;  then,  to 
remove  dust  and  fibres,  cotton  wool  was  used.  Unless  this  latter  and 
every  other  precaution  is  taken  to  prevent  dust,  the  picture  will  be  full 
of  spots  produced  by  a  greater  absorption  of  iodine  (in  a  subsequent 
process)  in  those  than  in  the  surrounding  parts. 

Now  pour  the  albumen  on  the  glass,  inclining  the  plate  from  side  to 
aide  until  it  is  covered  ;  allow  the  excess  to  run  off  at  one  of  the  cornerst 
keeping  the  plate  nearly  vertical.  As  soon  as  the  albumen  ceases  to 
drop  rapidly,  breathe  on,  or  warm  the  lower  half  of  the  plate ;  the 
warmth  and  moisture  of  the  breath  will  soon  cause  it  to  part  with  more 
of  its  albumen  ;  wiping  the  edges  constantly  hastens  the  operation. 

Until  this  plan  was  adopted,  the  coatings  were  seldom  uniform ;  the 
upper  half  of  the  plate  retained  less  albumen  than  the  lower,— of 
course  care  must  be  taken  to  warm  only  the  lower  half.  When  no 
more  albumen  runs  down,  dry  the  plate.  I  use  for  this  purpose  a 
double-ring  gas-burner  of  some  eighty  jets.  A  common  fire  answer* 
as  well,  save  now  and  then  it  imparts  a  little  dust. 

The  film,  when  dry,  is  quite  free  from  cracks,  and  is  so  thin  and 
transparent  that  the  brilliancy  of  the  glass  is  unimpaired.  It  is  almoat 
necessary  to  mark  it  to  know  which  side  has  been  coated. 

The  next  operation  is  to  iodize  the  plate.  Dilute  pure  iodine  with 
dry  white  sand  in  a  mortar,  using  about  equal  parts  of  each.  Put  this 
mixture  into  a  square  glass  trough,  and  over  if  place  the  albumined 
plate ;  as  soon  as  the  latter  has  become  yellow  in  color,  resembling 
beautiful  stained  glass,  remove  it  into  a  room  lighted  only  by  a  candle^ 
or  through  any  yellow  translucent  substance — yellow  calico,  for  in* 
stance.  Here  plunge  it  vertically  and  rapidly  into  a  deep  narrow  ves- 
sel containing  a  solution  of  "  aceto- nitrate'*  of  silver,  made  by  adding 
three  ounces  of  nitrate  of  silver  to  two  ounces  of  glacial  acetic  acid, 
diluted  with  sixty  ounces  of  distilled  water.  Allow  it  to  remain  until 
the  transparent  yellow  tint  disappears,  to  be  succeeded  by  a  milky- 
looking  film  of  iodid  of  silver.  Washing  with  distilled  water  com- 
pletes this  operation.  The  plate  is  now  ready  for  the  camera.  AAer 
it  has  been  submitted  to  the  action  of  the  light  pour  over  its  surface  a 
saturated  solution  of  gallic  acid.    A  negative  Talbotype  image  on  al- 
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bumen  is  the  result.  Washing  with  water  before  and  aAer  immereioD, 
in  a  solution  of  one  part  of  hyposulphite  of  soda  in  16  parts  of  water, 
until  the  yellow  tint  is  removed  from  the  shadows,  completes  the 
process. 

But  where  is  the  novelty  ?  Let  us  go  back  a  step.  While  the  gmUic 
acid  is  developing  its  reddish-brown  image,  pour  upon  the  surface  a 
strong  solution  of  nitrate  of  silver: — the  brown  image  deepens  in  in- 
tensity until  it  becomes  black.  Another  change  commences  :  the  im- 
age begins  to  grow  lighter,  and,  by  perfectly  natural  magic,  finishes  by 
cunvertrng  the  black  into  white,  presenting  the  curious  phenomenon  of 
the  conversion  of  a  Talbotype  negative  into,  apparently,  a  Daguerreo- 
type positive^  but  by  very  opposite  agency,  no  mercury  being  present; 
•—metallic  silver  (probably)  here  producing  the  lights,  while  in  the 
Daguerreotype  it  produces  the  shades  of  the  picture.  1  have  said  prob- 
ably, because  it  may  be  unwise  to  speculate  chemically  upon  appear- 
ances which  may  depend  solely  on  molecular  arrangement: — an  intri- 
cate subject,  to  which  I  hope  this  communication  may  prove  a  slight 
contribiJiion. 

Prof.  Wheatstone  has  suggested  to  me  the  desirableness  of  subetita- 
ting  blackened  wood  or  blackened  ivory  for  glass  plates ;  we  should 
probably  then  have  the  novelty  of  a  Daguerreotype  on  wood  free  from 
some  of  the  disadvantages  attendant  on  polished  metal.  Mr.  Cundall 
suggests  the  application  of  it  to  wood  blocks  for  wood  engravers  for 
certain  purposes,  making  the  drawings  by  light  instead  of  by  hand. 

10.  Lead  Statuary;  (Athenseum,  No.  1176,  p.  511.) — f  doubt  not 
every  true  lover  of  art  will  feel  grateful  to  your  Edinburgh  correspon- 
dent for  his  excellent  letter  on  the  subject  of  the  fitness  of  lead  as  an 
economical  and  most  perfect  substitute  for  bronze  or  other  costly  ma- 
terial for  statuary  and  other  sculptural  works  of  art. 

I  trust  the  subject  which  he  has  brought  before  your  readers  will  re- 
ceive all  due  attention  from  those  who  practice,  as  well  as  from  those 
who  desire  to  encourage,  this  noble  department  of  art. 

The  object  which  1  have  in  view  in  intruding  on  your  attention  on 
this  occasion  is  to  confirm,  as  a  practical  man,  the  perfect  fitness  of 
lead  as  a  substitute  for  all  such  works  of  art  as  have  hitherto  been  ex- 
ecuted in  bronze  or  marble;  and  to  add  that,  owing  to  the  compare* 
tively  low  temperature  at  which  lead  melts,  and  the  ease  and  per- 
fection with  which  it  can  be  cast  into  the  most  intricate  and  delicate 
forms,  our  artists  may  resume  that  admirable  system  of  casting  groups 
of  statuary  and  other  complex  sculptural  designs  which  was  in  use  dur- 
ing the  finest  periods  of  Greek  and  Italian  art, — namely,  by  the  em- 
ployment of  wax  as  the  material  for  the  original  work,  which  yields 
such  perfect  facility  for  the  execution — and  when  completed  coating  or 
enveloping  the  wax  original  in  plaster  of  Paris,  and  then  melting  out 
the  wax,  and  so  leaving  a  most  perfect  mould,  be  the  intricacy  or  com- 
plexity of  the  original  ever  so  great  By  this  nnxie  our  artists  may 
revel  in  the  most  difficult  "  undercutting,"  and  be  certain  to  bring  forth 
a  metal  casting  as  sharp  and  perfect  in  all  the  integrity  of  its  parts  and 
minute  details  as  was  the  original. 

The  addition  of  about  f^ve  per  cent,  of  antimony  to  the  lead  will  give 
it  not  only  great  hardness,  but  enhance  its  capability  to  run  into  the 
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most  delicate  details  of  the  work.  As  to  the  durability  of  the  lead  for 
such  works  of  art,  any  one  who  has  observed  the  next  to  no  waste 
which  has  taken  place  in  lead  exposed  on  the  roofs  of  ancient  buildingSi 
will  have  in  this  way  most  abundant  and  satisfactory  proof  ihat  it  is  in 
every  sense  of  use  as  durable  a  material  as  bronze  when  subject  sim* 
ply  to  atmospheric  action. 

It  would  give  me  pleasure  to  enumerate  several  practical  details  in 
respect  to  the  employment  of  lead  for  the  purposes  in  question, — as 
also  to  detail  the  process  of  moulding  hollow  statues,  &c.,-^should  you 
or  any  of  your  readers  think  such  information  worthy  of  your  atien* 
tioo.  I  am,  6ic.  James  Nasmyth. 

11.  Brilish  As8ociation,-^The  British  Association  commenced  its 
twentieth  Meeting  at  Edinburgh  on  Wednesday,  July  31.  By  Wednes* 
day  night  900  names  had  been  recorded,  and  the  receipts  amounted  to 
£8l4t.  At  the  first  meeting,  Wednesday  night,  Sir  David  Brewster,  the 
President  for  the  session,  addressed  the  Association. 

12.  Sun  and  Moon ;  (L'institut,  No.  857.) — M.  Niepce  de  St.  Vicrom 
has  obtained  images  of  the  sun  and  moon  on  beds  of  albumen  ren* 
dered  sensible  by  an  accelerative  process  peculiar  to  it.  These  photo* 
graphic  experiments  confirm  the  opinion  before  stated  by  MM.  Fizeau 
and  Poucault,  that  the  centre  of  the  sun  gives  out  rays  of  a  greater 
photogenic  power  than  those  of  the  aides. 

13.  On  a  cloud  of  dust  which  obscured  the  sun  for  two  days  in  Rtis* 
sia^  ofi  the  29th  and  SOth  of  Aprils  1840,  during  a  clear  sky  and  quiet 
weather;  by  Ehrenberg,  (Monatsb.  Berlin  Acad.,  Jan.,  1850.) — 
This  powder  was  furnished  Ehrenberg  by  M.  Eichwald.  Microscopic 
examination  brought  to  light  49  animal  forms,  soft  portions  of  plants, 
a  few  crystals,  a  morpholite  and  some  sand.  This  powder  is  dis* 
tinguished  from  that  of  the  trade  winds  by  some  prominent  forms. 
£hrenberg  believes  that  there  is  reason  for  concluding  that  this  meteoric 
powder  is  neither  a  terrestrial  powder  nor  simple  volcanic  cinders. 

14.  American  ZoologicalJoumal, — We  take  pleasure  in  announcing 
the  speedy  appearance  of  a  Zoological  Journal  at  Cambridge  (Massachu* 
setts),  under  the  direction  and  editorship  of  Prof.  Agassiz.  Zoologists 
will  hail  it  with  great  pleasure,  and  all  interested  in  science  will  be  re* 
joiced  that  it  is  in  hands  so  able.  Its  memoirs  will  bear  upon  whatever 
pertains  to  animal  life,  its  development,  anatomical  structure,  physiologic 
cal  relations,  6^.,  and  hence  those  who  may  find  profit  in  its  pages  are 
numerous  throughout  this  as  well  as  other  countries.  It  will  mark  the 
progress  of  this  department  of  science  over  the  world,  and  each  num* 
ber  therefore  will  be  laden  with  new  truths  from  the  most  recent 
studies  of  animal  life,  at  home  and  abroad.  The  editor  is  so  well 
known  for  his  own  profound  researches  and  original  discoveries,  that 
a  word  from  us  on  this  point   would  be  superfluous. 

15.  Discovery  of  the  Antarctic  Continent. — This  discovery,  alluded 
to  on  page  137,  was  made  in  the  winter  of  1839-1840,  in  January, 
1840,  and  not  1839.  The  French  made  their  first  discovery  on  the 
afternoon  of  the  19th  of  January,  three  days  after  the  observation  men- 
tioned on  the  page  referred  to. 

16.  Meeting  of  the  American  Association  for  the  Advancement  of 
Science  at  New  Haven. — This  session  commenced  on  the  19th  of  Au* 
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gust  aod  was  continued  through  the  week  with  great  zeal  and  interest. 
Prof.  A.  D.  Bache,  Superintendent  of  the  U.  S.  Coast  Survey,  was  pres- 
ident of  the  meeting.  The  number  in  attendance  was  larger  than  ever 
before,  and  the  papers  offered  covered  a  wide  range  of  subjects.  The 
meeting  was  subdivided  into  three  Sections — ^^  General  Physics  and 
Mathematics"—'*  Geology  and  Natural  History,"  and  *•  Chemistry  and 
Mineralogy."  A  general  meeting  was  held  for  an  hour  nnorning  and 
afternoon,  and  in  the  evening  a  session  of  a  more  popular  character, 
at  which  time  addresses  and  discussions  were  heard.  Prof.  Henry, 
Secretary  of  the  Smithsonian  Institute,  and  President  of  the  Cambridge 
Meeting,  delivered  his  address  on  Thursday  evening.  As  this  nobis 
discourse  will  be  publislied  in  full,  it  is  unnecessary  to  say  more  than 
that  it  contained  a  most  admirable  review  of  ethics  for  science  and  was 
peculiarly  fitted  for  the  present  period  of  scientific  progress.  The  next 
annual  meeting  of  the  Association  will  be  held  at  Albany  oq  the 
3d  Monday  of  August,  1851,  and  the  semi-annual  meeting  on  the  lat 
Monday  of  May  next,  at  Cincinnati.  Prof.  Li.  Agassiz  is  the  President 
and  Prof.  W.  B.  Rogers,  General  Secretary,  of  the  year.  Prof.  Spen- 
cer F.  Baird,  of  the  Smithsonian  Institute,  was  appointed  permanent 
Secretary,  and  charged  with  the  publication  of  the  proceedings  and 
scientific  correspondence.  Professor  Bache  gave,  as  President  of  the 
Charleston  Meeting,  an  interesting  sketch  of  that  session  held  in 
March  last. 

HATURAL   HISTORY   AND  OEOLOOT. 

On  the  position  and  character  of  the  Reptilian  Footprints  in  the  Car- 
boniferous Red  Shale  formation  of  Eastern  Pennsylvania.  By  Prof. 
H.  D.  Rogers,  Boston.. 

On  the  coal  formation  of  the  United  States,  and  especially  in  Penn- 
sylvania.    By  Prof.  Henry  D.  Rogers. 

On  the  connection  of  the  deposits  of  common  salt  with  climate.  By 
Prof.  Henry  D.  Rogers. 

On  the  decomposition  of  Rocks  and  Minerals  by  water  impregnated 
with  carbonic  acid.     By  Profs.   W.  B.  Rogers,  and  H.  D.  Rogers. 

Tertiary  Fossils  of  Marshfield.     By  Dr.  C.  T.  Jaceson. 

On  ancient  Pot-holes  in  Rocks.     By  Dr.  C.  T.  Jackson. 

The  genus  Amis,  a  true  living  representative  of  the  old  family  of 
Ccelacanthi.     By  L.  Agassiz,  Harvard. 

On  the  afi^e  of  the  metamorphic  rocks  of  Eastern  Massachusetts.  By 
Prof.  L.  Agassiz. 

Comparison  between  the  young  caterpillars  of  Lepidoptera  and  the 
adult  Larvae  of  Musquitoes,  and  on  the  mode  of  formation  of  Stignosta. 
By  Prof.  L.  Agassiz. 

Remarks  upon  the  care  which  certain  fishes  take  of  their  ypung* 
By  Prof.  L.  Agassiz. 

On  the  development  of  compound  organs  from  single  cells.  By 
Prof.  L.  Agassiz. 

Singular  development  of  the  liver,  air-bladder  and  kidneys  in  Silu- 
ridaB.     By  Prof.  L.  Agassiz. 

On  the  development  of  compound  eyes  in  Articulata.  By  Prof.  L. 
Agassiz. 
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On  some  points  in  the  structure  of  Scleroderms  and  Gymodonts.  By 
Prof.  L.  Agassiz. 

On  the  structure  of  the  mouth  in  Crustacea.     By  Prof.  L.  Agassiz. 

On  the  differences  of  Structure  of  Cells  in  Animals  and  correspond- 
ing differences  in  their  functions.     By  Prof.  L.  Agassiz. 

Comparison  of  the  face  of  fishes  with  that  of  other  Vertehrata  and 
Man.     By  Professor  L.  Agassiz. 

On  the  relation  between  coloration  and  structure  in  the  higher  ani- 
mals.   By  Prof.  L.  Agassiz. 

On  the  growth  of  the  Egg,  prior  to  the  development  of  the  embryo* 
By  Prof.  L.  Agassiz. 

On  a  new  type  of  scales  in  Fishes.     By  Prof.  L.  Agassiz. 

On  a  fossil  species  of  Walrus  found  by  Prof.  Fraser  on  the  shores  of 
New  Jersey.     By  Prof.  L.  Agassiz. 

On  the  probable  age  of  Ihe  Moa  Bone  Beds  of  New  Zealand.  By 
Reginald  N.  Mantell,  C.  C. 

Notice  of  the  discovery  of  a  portion  of  the  upper  jaw  of  the  Iguan- 
odon  with  teeth' in  their  natural  position.     By  Reginald  N.  Mantell. 

Relations  of  terrestrial  Mollusca  in  Jamaica — gradation  of  species 
into  each  other.     By  Prof.  C.  B.  Adams,  Amherst  College. 

On  the  nature  and  origin  of  the  species  of  terrestrial  Mollusca,  in 
the  Island  of  Jamaica.     By  Prof.  C.  B.  Adams. 

Suggestion  on  changes  of  level  in  North  America,  during  the  drift 
period.    By  Prof.  C.  B.  Adams. 

On  the  value  of  Shells  of  Mollusca  as  furnishing  distinctive  charac- 
ters.    By  Prof.  C.  B.  Adams. 

Curious  growth  of  a  Potato.     By  S.  Webber. 

Essay  on  the  classification  of  Nemertes  and  Planarise.  By  Charles 
GiRARD,  Cambridge. 

On  a  new  Generic  Type  in  the  class  of  worms.     By  Chas.  Girard. 

On  a  new  American  Saurian  Reptile.    By  Chas.  Girard. 

On  the  early  uses  of  the  metals  as  a  medium  of  exchange.  By  J* 
H.  Gibbon. 

On  the  Volcanoes  of  central  America,  with  observations  on  the  Geo- 
graphical and  Topographical  features  of  Nicaragua.  By  E.  Geo. 
Squier. 

Some  observations  on  the  gold  formation  of  Maryland,  Virginia  and 
N.  Carolina.     By  Prof.  W.  R.  Johnson,  Washington. 

On  the  coal  formation  of  Central  North  Carolina.  By  Prof.  W.  R. 
Johnson. 

Researches  on  the  origin,  development,  and  nature  of  the  spermatic 
particles  throughout  the  Vertehrata.     By  Dr.  W.  J.  Burnett,  Boston. 

On  the  Vibriona  of  Ehrenberg,  not  Animals,  but  Plants.  By  Dr.  W. 
J.  Burnett. 

On  Utricles  as  the  primordial  forms  of  all  animal  tissues.  By  Dr. 
W.  J.  Burnett. 

On  the  relation  of  the  distribution  of  Lice  to  the  different  Faunae. 
By  Dr.  W.  J.  Burnett. 

Notice  of  the  habits  of  Ploiaria  brevipennis.    By  Rev.  Thomas  Hill. 

Notice  of  observations  on  drift  Striss  in  New  Brunswick.  By  Prof. 
James  Robb,  Fredericton,  N.  B. 
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On  the  Taconic  system.     By  T.  S.  Huwt,  Montreal. 

On  some  localities  of  Magnesite  with  remarks  on  its  cooneetioo  wiA 
the  origin  of  Serpentine.     By  T.  S.  Hunt. 

On  the  Cylindrical  Structure  observed  in  Potsdam  Sandstone.  Bj 
Franklin  B.  Hough,  Somerville,  N.  Y.   Read  by  Prof.  C.  U.  Sbepivd. 

Remarks  on  the  Geology  of  Mackinac,  Drummond  of  St.  Joseph^ 
Islands  and  the  northern  shores  of  Lake  Michigan.  By  Prof.  Jam£8  Hall. 

Remarks  on  the  seventeen  year  Locust.     By  Miss  Mosris. 

On  the  theories  of  the  Deluge  in  reference  to  the  Ethnographic  dis- 
tribution of  the  human  race.     By  J.  P.  Lesley. 

On  the  optical  characters  of  American  Micas.  By  Prof.  B.  Silu- 
KAN,  Jr. 

On  the  origin  of  a  curious  spheroidal  structure  in  certaia  sedimen- 
tary rocks.     By  Professor  B.  Silliman,  Jr. 

On  the  analogy  between  the  mode  of  reproduction  in  plants  and  the 
alternating  generations  of  some  Radiata.  By  Prof.  Jajces  D.  Daha, 
Yale. 

Description  of  the  new  genera  of  Plants  found  by  Col.  Fremoot  in 
California.     By  Dr.  Torrey. 

Fossil  Coniferous  Wood  from  the  Devonian  strata  of  Lebanoo,  Ma- 
rion Co.,  Ky.  By  Prof.  George  C.  Schaeffer.  Read  by  Dr.  W.  J. 
Burnett. 

physics  and  mathematics. 

On  the  origin  and  classification  of  Mechanical  Powers.  Bj  Prof. 
Joseph  Henry,  Secretary  of  the  Smithsonian  Institution. 

Analysis  of  the  Dynamic  Phenomena  of  the  Leyden  Jar.  By  Prof. 
Henry. 

On  the  fundamental  principles  of  Dynamics.  By  Prof.  Bbnjamhi 
Pierce,  Harvard. 

On  the  probable  period  of  the  fundamental  star  a  Yirginis.  By  Prod 
B.  Peirce. 

On  galvanic  wave  time.     By  R.  Culmann,  Bavaria. 

Description  of  an  instrument  for  exhibiting  the  mode  of  vibration  in 
a  molecule  of  unpolarized  light.     By  Prof.  E.  S.  Snell,  Amherst 

On  Lunar  distances.  By  Prof.  W.  M.  Chauvenet,  of  the  U.  S.  Na- 
val Academy. 

Description  of  the  Tidal  observations  at  Cat  Island  in  the  Gulf  of 
Mexico.     By  Prof.  A.  D.  Bache,  Superintendent  U.  S.  Coast  Survey. 

On  the  modes  adopted  in  the  Coast  Survey,  for  Charts  of  Currents. 
By  Prof.  A.  D.  Bache. 

On  the  use  in  the  Coast  Survey,  of  the  Zenith  Telescope,  by  Tal- 
cott^s  method,  and  the  discussion  of  the  observations.  By  Prof.  A.  D. 
Bache. 

On  the  lats  periodical  visitation  of  the  Aurora  Borealis.  By  Prof.  D. 
Olmsted. 

Cause  of  the  sudden  disappearance  of  the  ice  of  Lake  Champlaio. 
By  Prof.  D.  Olmsted. 

On  certain  points  of  electrical  theory.    By  Prof.  D.  Olmsted. 

On  some  peculiar  properties  of  a  compound  of  Lard  and  Rosin. 
By  Prof.  D.  Olmsted. 
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Notice  of  a  powerful  Magnet.    By  Prof.  B.  Sillimaiv,  Jr. 

On  the  optical  moving  of  figures.  By  Prof  Elias  Loobiis,  New 
York  University. 

On  electrical  phenomena  observed  in  certain  houses.  By  Prof.  Looms. 

On  the  continuance  of  the  Magnetic  and  Meteorological  Observations 
at  the  Toronto  Observatory.     By  Prof.  Loomis. 

Some  remarks  on  the  theory  of  the  solar  spots.  By  Prof.  H.  D. 
B.OOERS,  Boston. 

On  the  theory  of  Storms.     By  Dr.  Harb. 

On  the  use  of  the  zenith  telescope  in  the  determination  of  Latitude. 
By  Prof.  Lewis  R.  Gibbes,  Charleston,  S.  C. 

Description  of  a  new  instrument  for  measuring  the  angle  contained 
between  the  optic  axes  of  crystals,  and  for  goniometrical  purposes. 
Accompanied  by  the  angles  contained  between  the  optic  axes  of  some 
American  Micas.     By  W.  P.  Blake,  Yale  Laboratory. 

On  the  extension  of  Bode^s  Law.  By  Prof.  Stephen  Alexandxb, 
Princeton. 

On  the  law  of  the  induction  of  an  electrical  current  upon  itself.  By 
Mr.  J.  H.  Lane,  Patent  Office. 

On  a  Whirlwind  produced  by  the  burning  of  a  Cane-brake  in  Alaba- 
ma.    By  Alexander  Fisher  Olmsted,  New  Haven. 

On  Monsoons  on  the  shores  of  the  North  Atlantic.  By  Prof.  J.  H. 
Coffin. 

On  the  apparent  necessity  for  revising  the  received  systems  of  Dy- 
namical Meteorology,     By  W.  C.  Redfield,  New  York. 

Communications  on  the  Solar  Eclipse  of  July,  185L  By  Lieut  C. 
H.  Davis,  Supt.  of  the  Nautical  Almanac. 

On  the  numerical  computation  of  the  co-efficients  of  the  perturbato- 
Ty  function  of  Planetary  motion.     By  Sears  C.  Walker. 

On  Barometrical  measurements  and  the  distance  to  which  correspond- 
ing observations  may  be  used  for  that  purpose.  By  Prof.  Arnold 
GuYOT,  Cambridge. 

On  a  system  of  Meterological  Observations  established  in  the  State  of 
New  York  by  order  of  the  Regents  of  the  University,  in  connection 
with,  and  according  to  the  direction  of,  the  Smithsonian  Institute.  By 
Prof.  Arnold  Guyot. 

On  the  velocity  of  the  galvanic  Current  in  the  Telegraph  wires.  By 
Dr.  B.  A.  Gould,  Jr. 

On  the  Astronomical  Journal.     By  Dr.  B.  A.  Gould,  Jr. 

Method  of  ascertaining  the  velocity  of  the  Galvanic  current.  By 
Oranoe  Judd,  Yale  Analytical  Laboratory. 

Scientific  interest  of  the  proposed  Industrial  Exhibition  at  London  in 
1851.     By  W.  R.  Johnson. 

On  the  influence  of  temperature  on  the  absorption  of  light.  By 
Prof.  WoLCOTT  Gibes,  New  York. 

On  a  mode  of  efliecting  the  Achromatism  of  the  Telescope  by 
Lenses  of  the  same  dispersive  power.     By  G.  P.  Bond,  Harvard. 

Notes  on  the  progress  of  the  determinations  of  the  diflTerence  of 
Longitude  between  Greenwich  and  Cambridge,  for  the  Coast  Survey, 
by  W.  G.  Bond,  Director  of  Cambridge  Observatory.  By  G.  P.  Bonh, 
Cambridge. 
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Od  the  variation  io  the  proper  motion  of  the  fundamental  star  m  Yif- 
ginis.     By  Mr.  £.  Schubebt  of  Cambridge. 

On  a  new  method  of  observing  and  recording  astronomical  R.  A.  and 
N.  P.  distances.     By  Prof.  O.  M.  Mitcubl,  Cincinnati. 

On  the  Laws  of  Perfect  Musical  intonation,  and  their  applicatioQ  Io 
the  Church  Organ.     By  H.  W.  Poole. 

A  plan  for  stereotyping  Catalogues  of  Libraries  by  separate  titles, 
and  for  forming  a  general  stereotype  Catalogue  of  public  Libraries  of 
the  United  Stales.  By  C.  C.  Jewett,  Assistant  Sec.  and  Librarian  cf 
the  Smithsonian  Institute. 

On  the  Nautical  Almanac.  By  Charles  H.  Dayis,  SuperiDtendeaC 
of  the  Nautical  Almanac. 

Elliptical  Tables  of  the  Planet  Neptune.  By  Prof.  George  W. 
CoAXLSY,  St.  iames  College,  Maryland. 

chemistry  and  mineralogt. 

Account  of  six  new  Mineral  species.  By  Prof.  Chahlbs  U. 
Shepaed. 

Notice  of  Foreign  Meteorites  and  of  a  large  stone  lately  found,  of 
the  Linn  Co.  fall,  Missouri,  Feb.  7,  1847.     By  Prof.  C.  U.  Shefard. 

Some  notices  of  American  Minerals.     By  Prof.  Charles  U.  Sheparb. 

On  the  absorption  of  Carbonic  Acid  by  acids  and  saline  solutions. 
By  Profs.  W.  B.  Rogers  and  R.  £.  Rogers. 

On  a  new  method  of  decomposing  silicates  in  the  process  of  analy- 
sis, with  an  analysis  of  the  Pink  Scapolite  of  Bolton.  By  Hbiirt 
WuRTZ,  New  YoHc. 

On  the  availability  of  the  Green  Sand  of  New  Jersey,  as  a  source  of 
^aah  and  its  compounds.     By  Henrt  Wurtz. 

On  the  Troostite  of  New  Jersey.     By  Henrt  Wurtz. 

On  Canadian  localities  of  llmenite  and  Chromic  Iron,  with  remarks 
•upon  the  association  of  these  minerals  with  the  Gold  of  Canada  aad 
California.     By  T.  S.  Hunt,  Canada  Greol.  Commission. 

On  the  analysis  of  Soils  and  the  ashes  of  Peat.     By  T.  S.  Hunt. 

On  the  determination  of  Phosphoric  Acid.     By  T.  S.  Hunt. 

On  a  locality  of  Asphaltum  and  its  origin.     By  T.  S.  Hunt. 

On  artificial  Crystals  of  Sesquioxyd  of  Chromium  (€r,)  with  aome 
observations  on  their  formation.     By  W.  P.  Blaxb,  Yale  Laboratory. 

On  a  new  lest  for  the  nitrates.  By  G.  C.  Schaeffeb,  Prof,  of  Chean- 
istry  in  Center  College,  Ky.     Read,  with  comments,  by  T.  S.  Hunt. 

On  the  assumed  existence  of  Ammonia  in  the  general  atmoapbere. 
By  Aug.  A.  Haves,  M.D.,  Asssayer  to  the  Slate  of  Maaaachuaetta. 
Presented  by  Dr.  C.  T.  Jackson. 

Allanite  of  Franklin,  N.  J.     By  Dr.  C.  T.  Jacrson. 

Telluret  of  Bismuth  and  Gold.     By  Dr.  C.  T.  Jackson. 

On  the  manuiacture  o(  Zinc  and  Zinc  white.  By  Dr.  C.  T.  Jack- 
son. 

Analysis  of  red  marl  of  Springfield,  Mass.     By  Dr.  C.  T.  Jackson, 

Zircon,  Sodaliie,  Caoerinite,  &c.,  Litchfield,  Me.  By  Dr.  C  T. 
Jackson. 

Analyses  relative  to  the  economical  value  of  Anthracite  Coal  Ashes. 
By  Jonathan  B.  Buncb,  Yale  Laboratory. 
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On  the  relation  of  the  chemical  coDStitatioD  of  bodies  to  taste.  By 
Prof.  E.  N.  HoRSFORD,  Harvard. 

Oq  the  connectioo  betweeo  the  chemical  constitution  of  bodies  and 
color.     By  Prof.  E.  N.  Horsford. 

Od  the  Spheroidal  Slate.     By  Prof.  Horsford. 

On  the  adulteration  of  Vermilion.  By  Henry  Brown,  Cambridge 
Laboratory. 

Ammonia  in  Atmospheric  Air.     By  Prof.  E.  N.  Horsford. 

Analysis  of  Phlogopite  from  St.  Lawrence  Co.,  New  York.  By  Wm. 
J.  Craw,  Yale  Laboratory. 

Determinations  of  Nitrogen  in  two  varieties  of  Indian  Corn.  By 
Wm.  H.  Bebwer,  Yale  Laboratory. 

Analysis  of  the  ash  of  Sweet  Com.     By  Wm.  H.  Brewer. 

An  account  of  some  experiments  upon  the  cause  of  fermentation. 
By  Dr.  Henry  Erni. 

On  American  Spodumene.     By  George  J.  Beush. 

On  some  peculiar  properties  of  a  compound  of  Lard  and  Rosin. 
By  Prof.  D.  Olmsted,  Yale  College. 

Notice  of  two  American  Meteoric  Irons.     By  Prof.  B.  Silliman,  Jr. 

Proper  height  of  Lightning  Rods.  By  Prof.  Elus  Loomis,  New 
York  University. 

On  Rutile  in  Quartz  and  other  Minerals.  By  Prof.  O.  P.  Hubbard, 
Dartmouth  College. 

17.  Proceedings  of  the  American  Association  for  the  Advancement 
of  Science;  Third  Meeting,  held  at  Charleston,  S.  C,  March,  1850. 
216  pp.  8vo. — ^This  volume  made  its  appearance  in  time  to  greet  the 
members  of  the  Association  at  their  recent  meeting  in  August ;  and, 
considering  the  short  interval  since  the  adjournment  at  Charleston,  the 
vote  of  thanks  from  the  Association  to  the  Secretary,  Prof.  Lewis  R. 
Gibbes,  for  his  superintendence  of  the  work,  was  doubly  due  him.  At 
this  time  we  can  mention  only  a  list  of  the  papers  brought  before  that 
meeting.* 

Catalogue  of  Plants  inhabiting  the  vicinity  of  the  Santee  Canal,  S.C. 
By  H.  W.  Ravenel,  Esq. 

On  the  influence  arising  from  the  discovery  of  the  Gulf  Stream  upon 
the  Commerce  of  Charleston.     By  Lieut.  M.  P.  Maurt. 

On  the  exudation  of  ice  from  the  stems  of  Vegetables.  By  Prof. 
John  LeContb. 

Characteristics  of  the  Hindoo  Skull.     By  S.  Knexland,  Jr. 

On  Meat  Biscuit.     By  G.  Borden,  Jr. 

Report  of  Committee  on  the  communication  of  Lieut.  Mattbt,  upon 
Winds  and  Currents. 

The  Manatus  not  a  Cetacean  but  a  Pachyderm.   By  S.  Kneeland,  Jr. 

A  simple  demonstration  of  the  theorem,  that  the  attraction  of  a 
sphere  upon  an  exterior  particle  is  the  same  as  if  the  sphere  were  con- 
centrated at  its  centre.    By  Prof.  James  H.  Coffin. 

On  some  of  the  applications  of  Natural  Science  to  the  moral  laws  of 
ancient  nations.    By  Dr.  J.  H.  Gibbon. 

*  The  asterisk  where  used  below,  aigDiies  that  an  abstract  of  tba  memoir  was  not 
handed  to  the  Secretary  for  publication  in  the  Proceedings. 
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Results  of  observations  on  the  direction  and  foroe  of  Wind  at  the 
Coast  Survey  Stations.     By  Prof.  A.  D.  Bachb. 

On  the  application  of  the  Electro*Chronograph  in  determining  the 
figure  and  density  of  the  earth.     By  Lieut.  M.  F.  Maitrt. 

Remarks  on  preceding  paper  by  Prof.  L.  R.  Gibbbs  ;  fitness  of  Stone 
Mountain,  Ga.,  for  such  observations  ;  smallest  interval  appreciable  by 
the  ear  between  the  beats  of  two  chronometers. 

On  the  existence  in  some  individuals  of  two  Insensible  spots  on  the 
Retina.     By  Prof.  Lewis  R.  (^ibbes. 

Researches  on  the  generation  and  development  of  the  Opossum.  Bj 
Dr.  Mtodelton  Micbel. 

Remarks  of  Prof.  L.  Agassiz  on  preceding  paper;  necessity  of  fur- 
ther details. 

Remarks  of  Rev.  Dr.  Bachman  on  the  same  paper ;  vigor  and  power 
of  suction  of  young  opossum,  just  taken  from  the  uterus. 

On  the  PalcBozoic  Rocks  of  Alabama.     By  Prof.  M.  Tuombt.* 

On  the  peculiar  sensations  produced  by  a  damp  atmosphere.  By 
Dr.  W.  L.  Jones. 

On  the  Fossil  Equus.    By  Dr.  Robert  W.  Gibbbs. 

Remarks  on  the  preceding  paper.  By  F.  S.  Holmes.  No  fossil 
mammalian  remains  except  cetacean,  in  the  Eocene  marl  of  So.  Ca. 

On  the  Northern  Elephas,  and  on  Mastodon  angustidens.  By  Dr.  R. 
W.  Gibbes. 

On  Fossils  common  to  several  Formations.     By  Dr,  R.  W.  Gibbbs. 

Remarks  on  the  preceding  paper  by  Prof.  Agassiz  and  Prof.  Tvo- 
MET ;  the  species  common  to  two  or  more  strata  are  very  few. 

On  the  air  bladder  of  the  Drum-fish,  Pogonias  fasciatus,  and  the 
mechanism  by  which  the  sound  is  produced.    By  Dr,  J.  E.  Holbrook.* 

Remarks  on  the  preceding  paper  by  Prof.  Agassiz  ;  development  of 
air  bladders. 

Remarks  on  the  paper  of  Prof.  Tuomey,  of  yesterday,  by  Dr.  E. 
Ravenel  and  Lieut.  Maury  ;  importance  of  the  coal  fields  of  Alabama 
to  the  navigation  and  commerce  of  the  Pacific. 

Remarks  on  the  paper  of  Dr.  R.  W.  Gibbes,  of  yesterday,  by  Prof. 
Agassiz ;  the  species  common  to  different  formations  are  very  few, 
mistakes  in  this  respect  are  attributable  to  geological  error. 

Exhibition  of  a  fossil  reptile  belonging  to  the  genus  Leiodon.  By 
Prof.  TuoMEY. 

On  the  Currents  of  the  Atlantic  Ocean.     By  Lieut.  M.  F.  Maurt. 

Remarks  on  the  preceding  paper  by  Prof.  Agassiz;  or  the  fancied 
importance  of  the  name  of  the  first  describer  of  a  species. 

On  the  Marine  Flora  of  the  Atlantic.     By  Prof.  W.  H.  Harvbt. 

On  the  comparative  reflecting  power  of  the  Planets,  Mars,  Jupiter 
and  Saturn.     By  Prof.  Lewis  R.  Gibbes. 

Distribution  of  the  Foraminifera  on  the  Coast  of  New  Jersey.     By 

F.  DE  POURTALES. 

Remarks  on  this  paper,  by  Prof.  Agassiz  ;  the  aid  rendered  to  Nat> 
uralists,  by  the  Coast  Survey. 

On  the  order  of  Succession  of  parts  in  Foraminifera.     By  F.  db 

PoURTALES. 

On  the  Principles  of  Classification  in  Zoology.    By  Prof.  Agassiz. 
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On  the  American  species  of  the  genus  Putorius.  By  the  Rev.  Dr. 
Bachman.* 

On  the  alleged  subsidence  of  the  Coast  of  South  Carolina.     By  Prof* 

TUOMBY.* 

Examination  of  the  Physical  History  of  the  Jews,  in  its  bearings  on 
the  question  of  the  Unity  of  the  Races.     By  Dr.  J,  C.  Nott. 

Remarks  of  Prof.  Aoassiz,  after  the  reading  of  this  paper ;  zoolog* 
ical  evidence  for  the  diversity  of  the  Races. 

Microscopic  examination  of  the  Pile  of  the  Head  of  Albinos.  By 
P.  A.  Browne,  Esq. 

On  an  easy  mode  of  illustrating  the  difference  i.n  the  Velocity  of 
Sound  in  Oases.     By  Prof.  Lewis  R.  Gibbes. 

On  the  Morphology  of  the  Medusae.     By  Prof.  Agassiz. 

Recent  Progress  of  the  Telegraph  Operations  of  the  United  States 
Coast  Survey.     By  Prof.  A.  D.  Bag  he. 

On  the  General  Circulation  of  the  Atmosphere.  By  Lieut.  M.  F. 
Maury. 

Measurement  of  the  Base  Line  on  Edisto  Island,  S.  C.  By  Prof.  A. 
D.  Bache. 

Account  of  three  new  American  Meteorites,  and  geographical  distri-! 
bution  of  such  bodies  generally..  By  Prof.  C.  U.  Shepard. 

On  the  Structure  of  the  Bones  of  Siren  lacertina.     By  Dr.  St^  Julibn 

Ra  VKNEL.* 

On  a  new  species  of  Menobranchus,  from  South  Carolina.  By  Prof. 
Lewis  R.  Gibbes. 

On  the  recent  Squalidce  of  the  Coast  of  South  Carolina,  and  Cata«' 
logue  of  the  Recent  and  Fossil  Echinoderms  of  South  Carolina.  By 
Dr.  Edm0nd  Rayenel. 

On  the  Cretaceous  Formation  of  Alabama,  and  the  Artesian  Wells 
in  that  State.     By  Prof.  Tuomey.* 

On  the  Resistance  of  Timber.     By  H.  Haupt. 

On  the  Carcinological  Collections  of  the  United  States,  and  descrip- 
tions of  new  species.     By  Prof.  Lewis  R.  Gibbes. 

On  the  Morphological  Differences  of  Organs.    By  Prof.  L.  Agassiz.* 

Meteorological  and  Mortuary  Chart  of  New  Orleans,  for  1849.  By. 
Dr.  E.  H.  Barton. 

Observations  on  the  Geology  of  Ashley  River,  S.  Carolina.  By  F« 
S.  Holmes. 

Remarks  on  the  preceding  paper,  by  Prof.  Agassiz  ;  the  large  num-i 
ber  of  Mammalia  in  the  Fossil  Beds  of  South  Carolina. 

Proximate  Composition  of  parts  of  Flowers  of  Plants,  and  of  the: 
Plants  themselves.     By  Dr.  J.  H.  Salisbury. 

On  the  Structure  of  the  Halcyonoid  Polypi.     By  Prof.  Agassiz. 

18.  Editorial  note  with  reference  to  the  article  on  the  Electro*. 
Chronograph^  in  Volume  IZJ.— The  article  on  the  "  Electro-Chrono- 
graph,^* which  was  published  in  this  Journal  for  September  of  last  year, 
contained  allusions  and  imputations  of  an  improper  personal  nature,! 
reflecting  discreditably  upon  the  motives  and  veracity  of  some  of  the' 
most  eminent  and  unimpeachable  among  American  laborers  in  science^ 
We  regret  that  these  justly  offensive  portions  escaped  editorial  notice: 
at  the  time  the  article  in  question  passed  through  the  press.     Our  ob-; 
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ject  in  alluding  to  the  subject  at  this  late  day,  (late  because  oar  atten* 
tioo  was  only  recently  called  to  it,)  is,  at  once,  to  disavow  on  our  own 
behalf  all  the  expressions  and  passages  of  an  oflTensive  and  personal 
nature  which  that  article  contains — to  whomsoever  they  may  apply— 
and  at  the  same  time  to  deprecate,  in  the  most  emphatic  manner,  all 
personalities  in  science,  every  instance  of  which  we  most  earnestly 
desire  to  exclude  from  our  pages.  This  statement  we  esteem  in  entire 
accordance  with  the  limitation  of  editorial  responsibility  upon  which 
we  have  uniformly  acted,  and  which  is  fully  expressed  on  page  151  of 
this  volume. 

OBITUAEY. 

19.  M.  DB  Blainville. — At  the  funeral  of  M.  de  BlainTille,  which 
took  place  on  Tuesday,  the  7th  of  May  last,  a  discourse  was  pronounc- 
ed by  M.  Constant  Prevost,  another  by  M.  Chevreul,  and  a  third  by  M. 
Milne  Edwards. — The  following  are  some  citations  from  the  renmrks 
of  M.  Prevost. 

**  But  eight  days  since,  on  Tuesday  last,  at  the  same  hour  that  now  as- 
sembles us  around  this  bier,  I  happened  to  be  present  at  the  last  lecture 
of  M.  de  Blainville.  He  was  animated,  full  of  his  subject,  and  he 
entertained  us  for  nearly  an  hour,  exhibiting  a  freshness  of  ideas  and 
facility  of  expression  which  bore  no  marks  either  of  fatigue  or  appre> 
hension.  Some  threatening  symptoms  had  been  experienced  during 
the  year  past,  but,  with  a  force  of  character  peculiar  to  him,  he  had 
sought  to  conceal  them  from  all,  and  even  from  himself.  Wednesday 
evening  he  proposed  to  visit  his  niece  who  was  sick  at  Dieppe,  intend- 
ing to  return  in  time  for  his  lecture  the  following  Saturday ;  but  when 
about  to  start,  he  was  found  dead  in  the  carriage  where  he  had  taken 
his  seat  but  a  few  seconds  before.     •     •     •     • 

Marie-Henri  Ducrotay  de  Blainville  was  bom  at  Arques,  Sep- 
tember 12,  1778.  A  student  of  the  military  school  of  Beaumont  near 
Touques,  and  destined,  as  a  cadet  of  a  noble  family,  to  follow  the 
career  of  arms,  for  some  reason  unknown  to  me  he  abruptly  left  the 
school  in  1792.  At  the  risk  of  his  life  he  sought  refuge  on  board  a 
vessel  cruising  in  the  British  channel  and  took  part  in  several  serious 
combats.  Returning  to  Prance,  M.  de  Blainville  for  some  years  of  his 
youth,  pursued  with  inconstant  enthusiasm,  an  ardent  imagination  and 
an  impetuous  character,  the  study  of  different  branches  of  literature 
and  the  arts.     •     •     •     ♦ 

At  the  age  of  twenty-seven  (I  believe)  he  was  still  undecided  with  re- 
gard to  his  future  pursuits,  when  one  day,  as  if  by  chance,  or  better,  by 
the  guidance  of  Providence,  his  vocation  was  irrevocably  determined. 
He  entered  the  college  of  France  and  heard  a  lecture  by  Cuvier.  Struck 
at  once  with  the  interest  of  the  subject  and  the  eloquent  words  of  the  cel- 
ebrated Professor,  he  lef\  the  building  with  the  resolution  to  give  himself 
to  natural  science  and  become  a  Professor.  From  this  time  his  desultory 
habits  were  changed ;  in  three  years  he  went  through  courses  of  hu- 
man anatomy  and  two  years  afterward  (in  1810)  he  became  a  doctor 
of  medicine.  In  1812,  having  for  some  time  assisted  Cuvier  at  the  Col- 
lege of  France  and  at  the  Museum,  he  was  appointed  to  the  chair  of 
Z^logy,  Anatomy  and  Physiology  of  the  Faculty  of  Scieocea ;  and  ia 
1832,  on  the  death  of  Cuvier,  all  eyes  were  upon  M.  de  Blainville  as 
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the  oaly  peraoo  fitted  to  be  his  successor  in  the  department  of  Compar* 
alive  Anatomy.  Thus  28  years  from  the  period  when  his  resolve  was 
made  had  sufficed  to  place  him,  through  his  own  efforts  alone,  in  this 
supreme  position  in  Science."     •     •     •     •. 

20.  Christian  VIII,  Kino  of  Denmark,  (from  the  Anniv.  Geol.  Ad- 
dress of  Sir  C.  LyeIl,Quart.Jour.Geol.As8oc.,No.22, 1850.)— Christian 
VllI,  King  of  Denmark  was  enrolled  a  Fellow  of  this  Society  in  1822. 
Two  years  before  that  time,  when  travelling  in  Italy,  he  had  witnessed 
an  eruption  of  Vesuvius,  and  had  read  a  description  of  it  to  the  Acad* 
emy  of  Sciences  at  Naples ;  a  communication  published  in  their 
Transactions,  and  aAerwards  reprinted  in  Leonbard's  Journal  for  1822* 

From  an  early  age  he  had  taken  a  lively  interest  in  the  progress  of 
natural  history,  and  when  Crown  Prince,  formed  at  Copenhagen,  at  his 
own  expense,  a  magnificent  collection  of  shells,  the  number  of  species 
being  estimated  at  not  less  than  12,000,  exclusive  of  fossils.  When  I 
visited  the  Danish  capital  in  1835,  he  placed  this  museum  and  his 
library  at  my  disposal,  and  I  had  then  an  opportunity  of  knowing  that 
he  kept  up  an  acquaintance  with  the  new  species  added  from  year 
to  year  to  his  cabinet,  then  in  charge  of  an  able  conchologist,  Dn 
Beck,  and  that  he  was  very  desirous  of  making  his  museum  useful  to 
all  zoologists.  Nor  was  he  inattentive  to  the  points  of  controversy  then 
agitated  respecting  the  geology  of  Denmark.  He  questioned  me 
closely  as  to  my  opinion,  whether  the  strata  of  Faxoe,  containing  cer- 
tain species  of  Cyprea^  0/tva,  MUray  and  other  genera  usually  re* 
garded  as  characteristic  of  the  tertiary  period,  really  belonged  to  that 
epoch,  or  to  the  cretaceous  rocks.  That  the  latter  conclusion  was  cor- 
rect I  bad  satisfied  myself,  after  exploring  the  clifis  of  Moen  and  See- 
land,  as  I  have  explained  in  your  Transactions ;  and  you  are  aware 
that  the  Faxoe  beds,  together  with  those  of  Maestricht  and  Sezanne 
Dear  Paris,  have  been  recently  classed  as  an  upper  member  of  the 
great  cretaceous  system.* 

When  Christian  VIII.  succeeded  to  the  throne,  the  cares  and  duties 
of  an  absolute  monarch  did  not  make  him  forgetful  of  his  former  love 
for  natural  history.  He  was  always  accessible  to  scientific  foreigners 
and  natives,  and  set  on  foot  several  publications,  among  which  I  may 
mention  the  ^  Gaea  Danica*  of  Professors  Steenstrup  and  Forchhammer. 
He  also  gave  his  patronage  to  a  splendid  botanical  work  on  the  palms 
of  Mexico,  by  Professor  Liebmann,  and  promoted  liberally  the  geolog- 
ical expedition  of  Baron  von  Waltershausen  and  Professor  Bunsen  to  Ice- 
land. He  also  took  care  that  a  good  naturalist  should  accompany  the 
voyage  of  the  Qalathea  around  the  world ;  and  when  that  expedition 
returned,  he  directed  that  the  valuable  collections,  made  by  the  officers 
in  various  countries,  should  be  divided  equally  between  the  Universities 
of  Copenhagen  and  Kiel.  As  Crown  Prince,  he  had  been  elected 
President  of  the  Academy  of  Sciences  at  Copenhagen,  and  when  he 
attended  their  meetings,  after  his  accession  to  the  throne,  he  always 
declined  to  be  received  as  king,  taking  his  place  simply  as  a  member, 
or  as  any  other  President.  After^  a  reign  of  nine  years,  he  died  in 
January,  1848. 

*  GeoL  Trana,  2nd  series^  vol  y,  p.  249. 
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21.  Darius  Lapham. — Mr.  Lapham,  at  the  time  of  hia  death  (August 
of  the  present  year),  was  Canal  Collector  at  Cincinnati,  and  member 
of  the  State  Board  of  Agriculture.  He  had  charge  of  the  preparatioB 
of  the  grounds  for  the  State  Fair,  to  be  held  in  September. 

In  the  death  of  Mr.  Lapham  the  State  Board  of  Agriculture  has  lost 
one  of  its  most  valuable  members,  and  the  State  one  of  its  best  citizens* 
His  death  will  be  deplored  by  a  very  large  circle  of  friends,  to  whom 
he  was  warmly  attached  for  his  many  virtues,  and  modest,  retiring  de- 
portment. It  is  but  a  few  days  ago  that  we  received  a  letter  from  him, 
giving  quite  an  encouraging  account  of  the  progress  he  was  making  in 
the  extensive  preparations  for  the  Slate  Agricultural  Fair.  To-day  be 
is  numbered  with  the  dead. — Ohio  Slattsman, 

22.  Dr.  Troost. — Gerard  Troost,  M.D.,  Professor  of  Cbemirtry,  Ge- 
ology and  Mineralogy  in  the  University  of  Nashville,  after  a  protracted 
illness,  departed  this  life  on  the  14th  of  August,  at  1  o'clock,  P.  M. 

Born  and  liberally  educated  in  Holland,  he  early  manifested  a  zeal- 
ous devotion  to  Natural  History  and  Chemistry,  and  more  especially  to 
the  then  infant  sciences  of  Geology  and  Mineralogy.  With  a  view  to 
the  more  successful  prosecution  of  his  favorite  studies,  he  visited  Paris, 
and,  for  several  years,  was  a  pupil  of  the  celebrated  Hauy.  He  re- 
moved to  the  United  States  about  forty  years  ago ;  and,  in  due  time, 
became  an  American  citizen.  His  entire  life  was  consecrated  to  Ge- 
ology and  the  kindred  sciences.  With  what  ability  and  success,  his 
published  writings  and  his  well-earned  reputation  at  home  and  abroad, 
may  eloquently  testify. 

As  a  Professor  in  this  University,  during  the  last  twenty-two  years, 
and  as  the  State  Geologist  of  Tennessee  for  most  part  of  that  period, 
he  won  the  confidence  and  respect  of  the  community,  by  invaluable 
services  in  both  capacities,  as  well  as  by  the  unaffected  modesty,  kind- 
ness, and  uniform  courtesy  of  his  deportment  towards  all  men.  In  the 
various  stations  and  relations  of  life,  publio^end  private,  he  was  without 
reproach  and  above  suspicion.  Beloved,  trusted,  honored,  venerated, 
by  all  those  most  intimately  connected  or  associated  with  him,  he  could 
not  make  an  enemy — he  had  none. — (From  the  Proceedings  of  the 
Board  of  Trustees  of  the  University  of  Nashville.) 

V.  Bibliography. 

1.  Tabula  AtomioB :  Chemical  Tablet  for  the  Calculaiian  of  QuaH' 
titalive  Analyses  of  H.  Rose^  recalculated  for  the  more  recent  deter- 
minations of  atomic  weights,  and  with  other  alterations  and  addhions, 
by  William  P.  Dexter.  70  pp.  8vo.  Boston  :  Little  6i  Brown.  1850. 
— The  Tables  of  Atomic  Weights  by  Rose  are  well  known  to  chem- 
ists and  fully  appreciated.  The  author  of  this  American  edition 
has  not  simply  given  us  a  reprint  of  Rose.  As  the  atomic  weights 
of  several  of  the  elements  have  been  changed  through  the  recent 
investigations  of  chemists,  a  large  amount  of  recalculations  becai^ 
necessary  both  in  the  numbers  for  the  compounds  of  the  elen^ents 
whose  atomic  numbers  have  been  redetermined,  and  for  very  many 
other  elements  whose  equivalents  were  based  on  those  that  have  beeo 
altered.  To  insure  perfect  accuracy,  the  calculations,  as  the  author 
states,  were  performed  by  himself  both  directly  and  by  logarithms; 
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and  the  columns  of  multiples  were  computed  separately  by  himself 
«nd  another.  From  the  care  thus  taken,  and  the  thorough  knowledge 
which  the  author  possesses,  we  may  feel  fully  assured  of  the  correct- 
ness of  the  work.  Those  atomic  weights  have  been  taken  that  were 
deemed  most  trustworthy,  the  deierminations  of  Berzelius,  being  al- 
lowed, as  by  Rose,  the  greatest  weight  \  some  recent  determinations 
have  been  rejected  for  want  of  confirmation.  A  column  of  logarithnks 
has  been  added  to  the  tables  by  Mr.  Dexter.  A  large  part  of  the  com- 
pounds given  in  Rosens  work  under  chlorine  and  sulphur  have  been 
omitted,  as  they  were  "  of  comparatively  little  practical  use."  The 
volume  commences  with  an  introduction  of  a  dozen  pages,  consisting 
of  observations  on  the  numbers  adopted,  and  their  authorities.  The 
author  has  verified  the  calculations  from  the  chemical  data  furnished 
by  diiferent  experimenters,  and  observes  that  in  some  cases  he  has  de- 
tected a  small  error  of  computation.  The  number  determined  for  tita- 
nium by  Berzelius  from  Rosens  analyses  is  301*55,  while  it  should  be 
301 '304.  In  a  similar  manner  the  number  for  osmium  was  found  to 
be  1243-624,  instead  of  1242-624;  that  of  tungsten  should  be  1183-36, 
instead  of  1188*36;  that  of  phosphorus  as  computed  by  Berzelius  is 
392-041,  while  it  should  be  391-72.  The  tables  are  printed  in  a  fair 
open  type  and  are  easy  of  reference. 

2.  First  Biennial  Report  on  the  Geology  of  Alabama ;  by  M.  Tuo- 
M£T,  Geologist  of  the  Slate ;  Professor  of  Geology,  etc.,  in  the  Uni- 
versity of  Alabama,  176  pp.  8vo.  Tuscaloosa,  1850.  M.  D.  J.  Slade. 
— Prof.  Tuomey  presents  in  this  Report  the  results  of  a  general  recon- 
noissance  of  the  State,  mentioning  its  great  geological  features  and  its 
resources,  in  order  to  show  what  is  required  for  future  explorations 
and  the  importance  which  attaches  to  the  survey.  The  results  ob- 
tained exhibit  the  state  as  rich  in  various  mineral  products  as  well  as 
in  facts  of  geological  interest,  and  we  shall  look  for  much  profit  and 
instruction  from  its  full  survey  by  one  so  capable  and  so  exact  in  ob- 
servation.    The  following  facts  are  from  this  first  biennial  Report. 

Metamorphic  Rocks  enter  Alabama  from  the  upper  corner  of  Carroll 
county ;  their  northwest  boundary  passes  through  the  southeast  corner 
of  Benton  county,  thence  southwesterly  three  or  four  miles  east  of  the 
town  of  Talladega,  and  crossing  the  Ck)08a  above  Fort  Williams,  it 
runs  throui^h  the  lower  corner  of  Antauga  county.  The  part  of  the 
state  east  of  this  line  is  wholly  covered  by  these  rocks.  In  the  bed  of 
the  Coosa  they  are  laid  bare  as  low  as  VVetumpka,  which,  as  observed 
by  McClure,  is  the  most  southern  exposure  of  this  important  group  of 
rocks  in  the  United  States.  The  gold-bearing  rocks  extend  from  Ran- 
dolph to  Antauga.  A  white  and  gray  marble  is  quarried  near  Talla- 
dega creek  and  worked  for  ornamental  purposes.  Some  of  the  pure 
white  is  of  fine  quality,  little  inferior  to  the  Italian,  and  blocks  thirty 
inches  in  thickness  may  be  procured. 

A  Silurian  limestone  is  seen  at  Centreville  on  the  Catawba,  which 
forms  the  southern  extremity  of  the  Silurian  System  of  Alabama,  and 
probably  of  the  United  States.  To  the  east,  Silurian  rocks  spread  out 
towards  the  Coosa  in  Antauga  and  Shelby,  until  they  cover  the  meta- 
morphic rocks  in  Talladega,  Benton  and  Cherokee  counties.  Along 
the  Coosa  they  make  their  appearance  on  the  east,  coming  out  from 
under  the  Carboniferous  rocks  of  the  Gabawba  Valley,  and  higher  up 
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io  the  same  roanner  at  the  Lookout  Motratain,  whence  they  extend  to 
Rome  in  Georgia.  Sixteen  miles  southeast  of  Tuscaloosa  they  are 
risible,  and  thence  they  stretch  north  to  the  head  of  Murphree's  Valley, 
separating  the  Warrior  coal  field  on  the  west  from  that  of  the  Cahawba 
on  the  east ;  and  in  this  direction  they  are  confined  to  a  series  of  con- 
tinuous valleys.  They  constitute  a  range  of  hills  known  as  the  ^^Bed 
Mountains,^'  so  called  from  the  presence  of  a  bed  of  red  oxyd  of  iron. 
Other  small  patches  are  mentioned,  and  further  explorations  will  prob- 
bly  enlarge  this  extent  of  Silurian  beds.     The  red  iron  ore  cooeisis  of 

? rains  mostly  flattened,  like  the  lenticular  argillaceous  ore  of  New 
ork.  In  some  places  it  passes  into  a  conglomerate  containing  siliceous 
pebbles.  A  bed  of  brown  hematite  occurs  on  Shultz  Creek,  also  near 
the  headwaters  of  Hurricane  and  Rockcastle  Creeks  twenty-four  miles 
from  Tuscaloosa,  and  at  Bucksville. 

Heavy  spar  occurs  in  a  vein  a  foot  or  two  thick,  near  Prattle  Ferry 
on  the  Cahawba,  and  in  another  similar  above  Elyton.  It  is  ground 
up  for  white  paint. 

The  carboniferous  rocks  cover  all  that  part  of  the  state  above  the 
lower  falls  of  the  rivers,  not  already  described  as  belonging  to  the 
Red  Mountain  group.  The  greatest  development  of  the  calcareous 
beds  enters  Alabama  as  a  prolongation  of  the  Cumberland  Mountains. 
Caves  abound  in  these  rocks,  and  the  earth  frequently  contains  nitrates, 
from  which  nitrate  of  potash  is  obtained.  The  coal  measures  every 
where  rest  on  millstone  grit.  The  mountains  of  Madison  and  Jacksoe 
counties  and  the  hills  of  Morgan  and  Marshall  counties  are  oHen  cap* 
ped  with  sandstones  and  shales  containing  beds  of  coal.  The  Raccoon 
and  Lookout  Mountains  have  coal  beds  of  considerable  extent.  These 
connect  with  the  measures  of  the  Locust  Fork  of  Warrior  creek,  and 
the  Cahawba,  while  the  isolated  patches  of  the  hills  in  Morgan  and 
Lawrence  run  into  those  of  the  Sipsey  and  Mulberry  Forks,  in  such  a 
manner  as  to  leave  no  doubt  of  their  being  parts  of  one  continuous  and 
vast  coal  field.  The  St.  Clair  coal  field  on  the  Coosa,  connected  with 
the  Cahawba  on  the  southwest  contains  about  150  square  miles.  The 
Cahawba  coal  field  is  bounded  on  the  south  and  east  by  the  Little  Ca- 
hawba and  its  tributary.  Shoal  Creek,  on  the  east  by  Shades  Creek  as 
low  as  Bucksville,  and  reaches  within  two  miles  of  Montevallo  and 
within  three  miles  of  the  river  at  Lacy^s  Ferry.  It  contains  180  to 
200  square  miles.  The  Warrior  coal  field  occupies  the  region  drained 
by  the  Warrior  river  and  its  tributaries,  covering  for  the  most  part  the 
counties  of  Walker,  Blount,  Jefferson  and  Tuscaloosa,  and  having  an 
area  of  about  5000  square  miles.  The  carboniferous  rocks  of  DeKalb, 
Morgan  and  Lawrence  counties  have  not  yet  been  explored.  The 
Tuscaloosa  coal  has  been  long  in  use  in  the  state. 

The  Report  continues  with  observations  on  the  cretaceotis  aod  ter* 
tiary  rocks. 

8.  A  Treatise  of  Plane  and  Spherical  Trigonometry ;  by  William 
Crauvbnet,  A.m.,  Professor  of  Mathematics  in  the  United  States  Na* 
val  Academy,  pp.  256, 8vo.  Philadelphia :  Henry  Perkins.  1850. — 
In  this  treatise,  the  author  as  he  states  in  the  preface,  has  undertaken 
**  to  arrange  a  course  of  trigonometrical  study  sufficiently  extensive  to 
enable  the  student  to  comprehend  readily  any  applications  of  trigo- 
nometry he  may  meet  with  in  the  works  of  the  best  modern  matbena- 
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lioiaDt.^*  For  thw  purpose  it  was  necessary  to  eztead  the  treatise  much 
beyond  the  ordinary  limits  of  the  elementary  text-books  used  in  acade<* 
mies  and  colleges.  But  the  author  has  sought  to  adapt  his  work  for 
the  use  of  College  classes,  by  putting  the  elementary  matter  in  larger 
type,  so  that  it  may  easily  be  read  independently  of  the  other  portion 
of  the  book.  A  complete  and  well  arranged  treatise  of  trigonometry 
has  been  greatly  needed  for  the  use  of  mathematical  teachers,  and  of 
practical  astrononners,  surveyors,  engineers,  &c  No  work  of  this  kind 
has  before  been  published  in  this  country  ;  and  we  know  of  no  £ng» 
lish  work  in  which  the  subject  of  spherical  trigonometry  especially,  is 
presented  in  a  satisfactory  manner.  Many  useful  formulfe  now  com- 
monly employed  in  astronomical  investigations  are  not  to  be  found  in 
the  larger  and  more  recent  treatises  of  trigonometry  published  in  Eng- 
land. These  deficiencies  are  well  supplied  in  the  work  of  Mr.  Chauve- 
nei :  and  from  the  examination  we  have  been  able  to  make  we  are 
satisfied  that  it  will  prove  a  more  convenient  and  useful  manual  for 
the  mathematical  teacher  and  the  practical  mathematician  than  any 
similar  English  or  American  work.  It  would  perhaps  have  been  some- 
what better  for  purposes  of  reference,  if  the  author  had  added  tables 
in  the  customary  way,  giving  a  synoptical  view  of  the  more  useful 
trigonometric  formulee. 

4.  A  descriptive  account  of  the  Freskwater  Sponges  of  the  Island  of 
Bombay  with  observations  on  their  structure  tmd  development ;  by  H. 
J.  Carter,  Esq.,  Assistant  Surgeon,  Bombay  Establishment,  22  pages, 
8vo,  with  3  plates,  (from  the  Jour.  Bombay  Branch  of  the  Roy.  Asiat.  • 
Soc.,  No.  xii,  1849.)— The  author  in  this  paper  describes  5  species  of 
Spongilla — the  S.  cinerea,  alba,  Meyeni,  plumose,  new,  and  the  S. 
friabilis?  of  Lamarck.  With  regard  to  them  he  observes  that  in 
each  species  excepting  the  cinerea  they  cannot  be  said  to  be  char- 
acterized by  any  particular  form.  The  memoir  contains  interesting 
details  respecting  the  structure  and  development  of  the  sponge,  many 
of  which  are  exceedingly  curious.  The  memoir  is  illustrated  by  good 
engravings  showing  well  the  structure  and  the  varying  forms  of  the 
sponge  cell. 

We  cite  the  following  observations  on  the  sponge  cell,  which  are  ex- 
posed on  tearing  a  newly  formed  sponge,  and  the  protean  cells  devel- 
oped from  the  contents  of  the  seed-like  bodies  when  forcibly  expelled. 

^'  The  spoQge-cell  when  in  sitUy  is  ever  changing  its  form,  both  par- 
tially and  wholly ;  its  granules  also  are  ever  varying  their  position  with, 
or  independently  of  the  movements  of  the  cell,  and  its  pellucid  vesicle 
or  vesicles,  dilating  and  contracting  themselves  or  remaining  passively 
distended,  and  exhibiting  in  their  interior  molecules  of  extreme  minute- 
ness in  rapid  commotion.  When  first  separated  from  the  common 
mass,  this  cell  for  a  short  time  assumes  a  globular  form  and  afterwards, 
in  addition  to  becoming  polymorphic,  evinces  a  power  of  locomotion. 
During  its  polynriorphism  it  emits  expansions  of  its  cell-wall  in  the  form 
of  obtuse  or  globular  projections,  or  digital  and  tentacular  prolonga- 
tions. If  in  progression  it  meets  with  another  cell,  both  combine,  and 
if  more  are  in  the  immediate  neighborhood,  they  all  unite  together  into 
one  common  globular  mass.  Should  a  spiculum  chance  to  be  in  the 
course  of  a  cell,  it  will  ascend  it  and  traverse  it  from  end  to  end,  subse- 
quently quitting  it  or  assuming  a  globular  form,  embrace  some  part  of 
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it  and  remain  stationarily  attached  to  it  The  changes  in  shape  and 
position  of  the  sponge-cell  and  its  intercellular  mucilage  are  for  the 
most  part  effected  so  imperceptihly,  that  they  may  be  likened  to  those 
which  take  place  in  a  cloud.  Its  granules  however  are  more  active, 
but  there  appears  to  be  no  motion  in  any  part  of  the  cell,  excepting 
•  among  the  molecules  within  the  hyaline  vesicle,  which  in  any  way  ap- 
proaches to  that  characteristic  of  the  presence  of  cilia. 

^^  It  should  be  understood  however,  that  these  remarks  are  not  appli- 
cable to  every  sponge-cell,  although  fully  developed,  which  appears  in 
the  field  of  the  microscope,  but  they  are  rather  a  statement  of  what  a 
sponge  cell  may  evince,  than  of  what  every  sponge-cell  does  evince. 

'^  The  polymorphic  cells  or  proteans  which  appear  in  the  watch-glass 
after  the  contents  of  a  seedlike  body  have  been  forcibly  expelled  into 
it  under  distilled  water,  are  much  more  active  in  their  movements. 
Their  cell- walls  frequently  assume  the  most  fantastic  figures,  spheroid- 
al, polygonal,  asteroid,  dendritic,  ^.  Their  green  granules  move 
backwards  or  forwards,  to  this  side  or  to  that  with  great  activity,  as  the 
part  of  the  cell  to  which  they  are  attached  is  entrained  in  one  directioo 
or  another;  while  their  hyaline  vesicle  or  vesicles  (in  progression)  ap- 
pear occasionally  in  every  part,  not  only  of  the  body  of  the  cell,  but 
in  its  tubular  prolongations.  The  contraction  of  the  hyaline  vesicle 
seems  to  take  place  most  frequently  when  it  arrives  at  the  posterior 
extremity,  that  is  according  to  the  direction  in  which  the  cell  is  pro- 
gressing; next  in  frequency,  at  the  sides,  seldom  in  the  anterior  or 
central  part  of  the  mass.  When  contraction  takes  place,  it  is  effected 
more  or  less  completely,  more  or  less  suddenly ;  if  complete,  a  dark 
speck  or  opacity  marks  the  original  position  of  the  vesicle,  in  the  cen- 
tre of  which,  if  watched,  it  may  be  observed  to  re*appear,  and  as  it  is 
carried  forward  in  the  movements  of  the  cell  with  the  portion  to  which 
it  is  attached,  it  gradually  regains  its  original  size,  and  returning  in 
due  course  to  the  point  from  which  it  started,  again  contracts  as 
before. 

^^  In  progression,  some  of  the  large  proteans  developed  in  the  way 
just  mentioned  appear  to  be  conscious  of  the  nature  of  certain  objects 
which  they  encounter  in  their  course,  since  they  will  stop  and  surround 
them  in  their  cell-wall.  It  is  not  uncommon  to  see  a  portion  of  a  spic- 
ulum  in  the  latter  position,  the  larger  germs  of  the  sponge  itself,  the 
body  of  a  loricaied  animalcule  the  900th  part  of  an  inch  in  diameter, 
on  which  the  pressure  exerted  by  the  protean  may  be  seen  by  the 
irregular  form  assumed  by  the  animalcule  the  moment  it  has  become 
surrounded.  I  once  saw  one  of  these  proteans  approach  a  gelatinous 
body,  something  like  a  sluggish  or  dead  one  of  its  own  kind,  and  equal 
to  itself  in  size,  and  having  lengthened  itself  out  so  as  to  encircle  it, 
send  processes  over  and  under  it  from  both  sides,  which  uniting  with 
each  other,  at  last  ended  in  a  complete  approximation  of  the  two  oppo- 
site folds  of  the  cell-wall,  throughout  their  whole  extent,  and  in  the 
enclosure  of  the  object  within  the  duplicature.  Even  while  the  protean 
was  thus  spreading  out  its  substance  into  a  mere  film,  to  surround  so 
large  an  object,  a  tubular  prolongation  was  sent  out  by  it  in  another 
direction  to  seize  and  enclose  in  the  same  way,  a  large  germ  which 
was  lying  near  it.  After  having  secured  both  objects,  the  protean  pur- 
sued its  course,  rather  more  slowly  than  before,  but  still  shooting  out 
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its  dentiform  processes  with  much  activity.     It  took  about  three  quar* 
ters  of  an  hour  to  perform  these  two  acts." 

5.  Recherches  Anatomiques  et  Zoologiques  faites  pendant  un  Voy^ 
age  8ur  les  cotes  de  la  Sidle  et  sur  divers  points  du  littoral  de  la 
France ;  par  MM.  Milnb  Edwards,  A.  de  Quatrefages  and  Emilb 
Blanchard.  3  volumes,  4to,  with  numerous  plates. — These  volumes 
consist  of  a  series  of  memoirs  on  the  structure,  development  and  physi- 
ology of  various  animals  in  different  departments  of  zoology.  They 
are  the  result  of  investigations  of  the  most  minute  microscopic  charac- 
ter pursued  by  the  first  zoologists  of  France ;  the  observations  are 
profound,  and  exact,  and  the  illustrations  unsurpassed  for  fullness  and 
beauty.  The  First  volume,  by  Milne  Edwauds,  contains  memoirs  on 
the  development  of  Annelids,  on  the  classification  of  the  Gasteropo- 
dous  Molluscs,  and  on  the  general  subject  of  circulation ;  the  Second 
by  M.  de  Quatrefages,  treats  of  the  nervous  system  and  History  of  the 
Amphioxus,  of  the  Pycnogonidie,  Phlebenterisma,  Planariae,  the  Ne- 
mertes,  Echiurus  GsBrlnerii,  with  a  review  of  the  observations  made 
in  1844  on  the  Gasteropoda  Phlebenterata ;  the  third  by  M.  Blan* 
CHARD,  is  occupied  with  a  memoir  of  336  pages  on  the  organization  of 
Vermes,  especially  the  subdivision  "  Entomozoaires  apodes"  of  Btain* 
ville.  Many  of  these  memoirs  have  appeared  in  some  of  the  later 
volumes  of  the  Annates  des  Sciences  Naturelies. 

6.  Les  Alpes^  Journal  des  Sciences  Naturelies^  Agricoles^  Medicales^ 
Physiques  et  Astronomiques^  contenant  un  resum6  de  tous  les  travaux 
qui  concernent  la  Suisse  et  la  Savoie  et  de  tous  ceux  qui  sont  publics 
dans  ces  deux  pays. — Issued  in  a  sheet  of  8  quarto  pages,  on  the  Ist 
and  15th  of  each  month.  This  periodical  made  its  first  appearance  on 
the  1st  of  July  last.  It  is  edited  by  Gabriel  Morlillet  ingenieur  civil 
k  Greneve,  place  de  la  Fusterie,  78  au  2me.  The  subscription  price 
for  foreigners  is  12  francs  a  year.  The  object  of  this  Journal  is  to 
give  a  brief  review  of  all  new  scientific  matters  relating  to  Switzerland 
and  Savoy  and  also  of  whatever  may  he  published  in  these  countries. 

G.  Heok:  Iconographic  Encyclopedia  of  Science,  Literature  and  Art,  the  text 
translated  and  edited  by  Prof.  Spencer  F.  Baird,  and  published  by  R.  Garrigue,  New 
York.    Part  10,  the  text  on  Botany. 

Arnold  Guyot:  The  Earth  and  Man,  2d  edition.    Boston,  1850. 

A.  DuBREUiL :  Cours  Elementaire  th^rique  et  pratique  d' Arboriculture.  2d  edi- 
tion.   Paris.   9/r. 

A.  d*Oebiqnt  :  Cours  E16mentaire  de  Palaeontologie  et  de  G6ologie  Stratigraph- 
iques.   2  vols.  1 8mo,  with  600  figs,  in  the  text  and  1 8  tables  in  1  atlas  4to.  Paris,  10/r. 

A.  d'Orbiony  :  Prodromus  de  Palffiontologie  Stratigraphique  Universelle.  8  vols. 
8vo.  Paris.  24/r.  Volume  1  is  on  sale  for  8  francs. 

Lieut.  M.  L.  Smith  and  Capt.  E.  L.  F.  Hardcastle  :  Map  of  the  Valley  of 
Mexico  with  a  plan  of  the  defences  of  the  Capital  and  the  line  of  operations  of'^the 
U.  S.  Array  under  M^or  General  Scott,  in  August  and  September,  1847.  Surveyed 
and  drawn  by  Lt.  M.  L  Smith  and  Brevt.  Capt  K  L.  F.  Hardcastle,  U.  S.  Top.  Engi- 
neers, (Senate  U.  S.,  Ex.  Doc.  No.  11.) 

Lieut.  Simpson,  tJ.  S.  A. :  Report  and  Map  of  the  route  from  Fort  Smith,  Arkansas, 
to  Santa  Fe,  New  Mexico,  made  by  Lt.  Simpson.    (U.  S.  Senate,  Ex.  Doc.  No.  12,) 

A  Map  showing  the  operations  of  the  Army  of  the  U.  States  in  Texas  and  the  adja- 
cent Mexican  States  on  the  Rio  Gi*ande :  accompanied  by  astronomical  observations, 
and  descriptive  and  military  memoirs  of  the  Coimtry.  From  the  "  Topographical 
Bureau.**   Washington, 

BEinsH  Assooiation:  Report,  for  the  Nineteenth  Meeting,  Sept^  1849.  8vo.  11 
plMes.    1850.  10c 
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R.  Dsakin:  FlorigrmpluA  Brittanica,  or  EngrsTingB  and  Descriptioiis  of  the  flower- 
ing plants  and  Ferns  of  Britam.  4  volk  8to.  YoIb.  1-8  each  SO*,  or  colored  57&  6^ 
vw.  4  14«n  colored  16«.       v 

M.  V.  Reonault  :  Element?  of  Chemistry,  in  course  of  translaticm  from  the  Freodi 
and  to  be  published  by  Hogan  A  Thompson,  PhiladelphicL 

L.  AoAssiz :  The  Classification  of  Insects  from  Embryological  data.  From  VoL  II, 
Art.  6.  of  the  Smithsonian  Contributions  to  Knowledge 

P.  JoiGNBAUx :  La  Chimie  du  Cultivateur.    1  vol    18mo.  PariM.  ifr. 

LiEBio  and  Kopp:  Annual  Report  of  the  Progress  of  Chemistry  for  1847-48. 
Part  V,  containing  Chemistry  applied  to  the  Arts  and  Manufiictures,  AgricoltorBl 
Chemistry,  Mineralogy  and  Geology.    London, 

Thb  Astronomical  Joubnal,  Cambridge.  NO.  11,  June  27, 1860. — OntheSth 
Comet  of  1847 ;  B.  A.  Gould,  Jr.—Ui  Comet  of  1850.— On  the  employment  of  the 
theorem,  "  small  angles  are  proportional  to  their  sines  ;**  Prof.  W.  ChauveneL — New 
Planet — From  letters  of  Prof.  Schumacher  to  the  Editor—Colors  of  Stars ;  Prof. 
B.  SestinL—NO.  12,  July  17.  Colors  of  Stars ;  B.  i8«rttnt.— Parthenope. — Elements 
and  obserrations  of  the  1st  Comet  of  1850. — From  a  letter  of  Dr.  a  Arrest — Ob- 
servations of  Petersen's  Comet  of  1850  with  the  filar- micrometer  of  the  Washing- 
ton equatorial;  /.  PtrgtMon.  NO.  13,  July  26.— Great  Comet  of  1844-45;  O.  P. 
Bond — From  a  letter  of  Prof  Curley. — Letter  of  Lieut  Mauiy. — Comet  obeserra- 
tions.  NO.  14,  Aug.  9. — Determination  of  the  velocity  of  the  Galvanic  Current  by 
means  of  the  Electro-chemical  Telegraph ;  8.  G,  Walker,  S9q,—¥rom  letters  of  Proi: 
Sdiumacher. — Observations  of  Petersen's  Comet,  made  at  the  Cambridge  Observir 
tory,  1850. — Oocultations  of  Aldebaran,  Jupiter  and  Regulus,  observed  at  the  Cam- 
bridge Observatory  in  1848,  1849,  1860. 

Peoc.  Bost.  Soc.  Nat.  Bia^.— February,  1860.  p.  241.  Comparative  value  of 
American  Sandstone;  Mr.  Alger, — ^p.  242.  The  Walrus  related  to  the  Pachyderms; 
/.  Wyrnan.—n.  242.  Remarks  on  the  relation  of  the  alluviuni  to  the  drift  of  the 
Mississippi ;  I)eaor. — ^p.  248.  Analysis  of  Vermiculite  hj  R.  Crossley  and  deecnptiao 
by  0.  T.  Jackson. — p.  247.  Jacksomte  identical  with  Prehnite ;  C.  T,  Jackson. — p.  248. 
Origin  of  the  green  sand  of  New  Jersey ;  If.  D.  Rogers.  March. — ^p,  251.  New  Pia- 
narise  of  the  Coast  of  Massachusetts ;  Oirard — p.  252.  New  Shells  of  the  Explor- 
ing Expedition  (1  species  of  Erycina,  6  of  Tellkia,  1  Psammobia,  8  Donax,  4  of  La- 
cina);  A.  A.  Omtld-^jx  256.  On  Green  Sand. — p.  257.  Shark's  tooUi  from  limestone 
at  Keokuk,  Iowa;  Besor. — p.  259.  Capacity  of  the  Cranium  of  the  Troglodytes 
niger ;  Kneeland — Origiu  of  Salt  lakes ;  H.  t).  Rogers. — ^p.  260.  Some  obeervatiooa 
on  Palms  from  Smgapore ;  Thsehemacher. — p.  262.  Embryology  of  Articulata ;  Btn^ 
netL — p.  264.  Two  marine  Planaris  and  several  freshwater  species;  Oirard. — p>  266. 
Crystals  of  Gold  from  California;  F,  Alger.  April.'-p.  272.  On  an  Axtec  Sknll; 
Dr.  Kneeland  

Ann  ALES  DES  SoiENCCs  Naturellks,  SEPTEMBER,  1849.— Researches  on  Coral 
Zoophytes,  4th  memoir,  MonoCTaph  of  the  Astrieida*,  continued ;  Milns  Edvards 
and  .A  JSTatmc.- Vegetable  Enftrogeny;  M.  L.  R.  Tulasne. — On  Plants  and  Uni- 
ceUular  Animals ;  C.  Th.  de  Siebold-^n  a  species  of  Wolffia ;  ff.  A.  WcddeH—On 
the  Composites  of  Chili ;  F.  J.  Remy.  OCTOBER.  New  genus  of  the  Apocyne«; 
/.  Decaisne. — ^Monograph  of  Melastomaceae  in  the  -Paris  Museum ;  C.  NawUm, — On 
Coral  Zoophytes,  43i  memoir,  continued ;  Fdwards  and  Haime.~~Ou  the  Medusipa- 
rous  generation  of  the  Hydroid  Polyps ;  E.  Desor. — Milnia,  new  genus  of  fossil  Ech- 
inidse ;  /.  Haime. — On  the  Polpieroid  of  a  Leiopathes ;  J.  Haime. — Researches  oo 
the  "  Etui  penial,"  considered  as  affording  a  characteristic  for  species  in  Coleoptera; 
Ormancey. — On  the  Acaridae  of  the  genus  Hypopus ;  F.  Dujardin. — ^Micro900pic 
study  of  wax  with  reference  to  its  nature  in  ammals  and  plants ;  F.  Dujarmn, 
NOVEMBER — On  wax,  continued ;  F.  Dujardin. — Additions  to  the  memoir  on  the 
Hypopus ;  F.  Dujardin. — On  Scolicia  vrisca,  a  fossil  Annehd  of  the  Chalk  \  A.de 
(^wUrefages. — Organization  of  the  Maiacobdella;  E.Blanchard — On  the  "CUor^ 
miens,  a  division  of  the  lower  grade  of  Annelids;  A.  de  QtuUrefages. — On  the 
supposed  existence  of  a  peritrachean  circulation  in  Insects ;  N.  Joly. — On  the  orco- 
lating  apparatus  and  organs  of  respiration  in  the  ArachnidsB ;  E.  Blanchard — On 
the  Melastomaceee  of  the  Paris  Museum;  C.  Naudin. — New  Plants;  CMomiagn*. — 
Botanical  Excursion  to  the  Frendi  Ardennes;  M.  E.  Jules  Rimy. 
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Art.  XXIV. — ^Address  of  Sir  David  BreWsier  before  the  Twefi'- 
tieih  Meeting  of  the  British  Association  at  Edinburgh^  July 
31,  1850* 

*  *  *  It  hafi  been  the  custom  of  some  of  tfiy  predefcessofs  in  this 
chair  to  give  a  brief  account  of  the  progress  of  the  sciences  during 
the  preceding  year;  but  however  interesting  such  a  narrative 
might  be,  it  would  be  beyond  the  power  of  any  individual  to  do 
justice  to  so  extensive  a  theme,  even  if  your  time  would  permit 
and  your  patietice  endure  it.  I  shall  make  no  apology,  however, 
for  calling  your  attention  to  a  few  of  those  topics,  within  my  own 
narrow  sphere  of  study,  which,  from  their  prominence  and  gene- 
ral interest,  may  be  entitled  to  your  attention.  I  begin  with  As- 
tronomy, a  study  which  has  made  great  progress  under  the 
patronage  of  this  Association — a  subject,  too,  possessing  a  charm 
above  all  other  subjects,  and  more  connected  than  any  other  with 
the  deepest  interests,  past,  present,  and  to  come,  of  every  rational 
being.  It  is  upon  a  planet  that  we  live  and  breathe.  Its  surface 
is  the  arena  of  our  contentions,  our  pleasures,  and  otir  sorrows. 
It  is  to  obtain  a  portion  of  its  alluvial  crust  that  man  wastes  the 
flower  of  his  days,  and  prostrates  the  energies  of  his  mind,  and 
risks  the  happiness  of  his  soul ;  and  it  is  over  or  beneath  its  ver- 
dant turf  that  his  ashes  are  to  be  scattered  or  his  bones  to  be  laid. 
It  is  from  the  interior  too— from  the  inner  life  of  the  earth  that 
man  derives  the  materials  of  civilization — his  coal,  his  iron,  and 
bis  gold.     And  deeper  still,  as  geologists  have  proved— and  none 
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with  more  power  than  the  geologists  around  me — we  find  in  the 
bosorn  of  the  earth  written  on  blocks  of  marble — the  history 
of  primaeval  limes,  of  worlds  of  life  created,  and  worlds  of  life 
destroyed.  We  find  there,  in  hieroglyphics  as  intelligible  as 
those  which  Major  RawJinson  has  deciphered  on  the  slabs  of 
Nineveh,  thft  remains  of  forests  which  waved  in  luxuriance  over 
its  plains — the  very  bones  of  huge  reptiles  that  took  shelter  un- 
der their  foliage,  and  of  gigantic  quadrupeds  that  trod  uncon- 
trolled its  plains,  the  law-givers  and  the  executioners  of  that 
mysterious  community  with  which  it  pleased  the  Almighty  to 
people  his  infant  world.  But  though  man  is  but  a  recent  occo- 
pant  of  the  earth,  an  upstart  in  the  vast  chronology  of  animal 
life,  his  interest  in  the  Paradise  so  carefully  prepared  for  him  is 
not  less  excitirjg  and  profound.  For  him  it  was  made,  he  was 
to  be  the  lord  of  the  new  creation,  and  to  him  it  especially  be- 
longs to  investigate  the  wonders  it  displays  and  to  learn  the 
lesson  which  it  reads.  But  while  our  interests  are  thus  closely 
connected  with  the  surface  and  the  interior  of  the  earth,  interests 
of  a  higher  kind  are  associated  with  it  as  a  body  of  the  solar  sys- 
tem to  which  we  belong. 

The  object  of  Geology  is  to  unfold  the  history  and  explain 
the  structure  of  a  planet;  and  that  history  and  that  structure 
may,  within  certain  limits,  be  the  history  and  the  structure  of 
all  the  other  planets  of  the  system — perhaps  of  all  the  other 
planets  of  the  universe.  The  laws  of  matter  must  be  the  same 
wherever  matter  is  found.  The  heat  which  warms  our  globe 
radiates  upon  the  most- distant  of  the  planets,  and  the  light 
which  twinkles  in  the  remotest  star  is,  in  its  physical,  and 
doubtless  in  its  chemical  properties,  the  same  that  cheers  and  en- 
livens our  own  system;  and  if  men  of  ordinary  capacity  possessed 
that  knowledge  which  is  within  their  reach,  and  had  that  faith 
in  science  which  its  truths  inspire,  they  would  see  in  every  planet 
around  them,  and  in  every  star  above  them,  the  home  of  immor- 
tal natures — of  beings  that  suffer  and  of  beings  that  rejoice — of 
souls  that  are  saved  and  of  souls  that  are  lost.  Geology  is,  there- 
fore, the  first  chapter  of  astronomy.  It  describes  that  portion  of 
the  solar  system  which  is  nearest  and  dearest  to  us, — the  cosmo- 
politan observatory,  so  to  speak,  from  which  the  astronomer  is  to 
survey  the  sidereal  universe,  where  revolving  worlds  and  systems 
of  worlds  summon  him  to  investigate  and  adore.  There,  too, 
he  obtains  the  great  base  lines  of  the  earth's  radius  to  measure 
the  distances  and  magnitudes  of  the  starry  host,  and  thus  to  pene- 
trate by  the  force  of  reason  into  those  infinitely  distant  regions 
where  the  imagination  dare  not  follow  him.  But  Astronomy, 
though  thus  sprung  from  the  earth,  seeks  and  finds,  like  Astrssa, 
a  more  congenial  sphere  above.  Whatever  cheers  and  enlivens 
our  terrestrial  paradise  is  derived  from  the  orbs  around  us.  With- 
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out  the  light  or  heat  of  our  sun,  and  without  the  uniform  move- 
ments of  our  system,  we  should  have  neither  climates  nor  sea- 
sons. Darkness  would  blind,  and  famine  destroy,  everything 
that  lives.  Without  influences  from  above,  our  ships  would  drift 
upon  the  ocean,  the  sport  of  wind  and  wave,  and  would  have  less 
security  for  reaching  their  destination  than  balloons  floating  in 
the  air  and  subject  to  the  caprice  of  the  elements.  But  while  the 
study  of  Astronomy  is  essential  to  the  very  existence  of  social 
life,  it  is  instinct  with  moral  influences  of  the  highest  order.  In 
the  study  of  our  own  globe  we  learn  that  it  has  been  rent  and 
upheaved  by  tremendous  forces — here  sinking  into  ocean  depths, 
and  there  rising  into  gigantic  elevations.  Even  now,  geologists 
are  measuring  the  rise  and  fall  of  its  elastic  crust ;  and  men  who 
have  no  faith  in  science  often  learn  the  truth  to  their  cost,  when 
they  see  the  liquid  fire  rushing  upon  them  from  the  volcano,  or 
stand  above  the  yawning  crevice  in  which  the  earthquake  threat- 
ens to  overwhelm  them.  Who  can  say  that  there  is  a  limit  to 
agencies  like  these  ?  Who  could  dare  to  assert  that  they  may 
not  concentrate  their  yet  divided  energies,  and  rend  in  pieces  the 
planet  which  imprisons  them  ?  Within  the  bounds  of  our  own 
system,  and  in  the  vicinity  of  our  own  Earth,  between  the  orbits 
of  Mars  and  Jupiter,  there  is  a  wide  space  which,  according  to 
the  law  of  planetary  distances,  ought  to  contain  a  planet.  Kep- 
ler predicted  that  a  planet  would  be  found  there — and  strange  to 
say,  the  astronomers  of  our  own  times  discovered  at  the  begin- 
ning of  the  present  century  four  small  planets,  Ceres,  Pallas,  Juno 
and  Vesta,  occupying  the  very  place  in  our  system  where  the  an- 
ticipated planet  ought  to  have  been  found.  Ceres,  the  first  of 
these,  was  discovered  by  Piazzi.  at  Palermo,  in  1801  ;  Pallas,  the 
second  of  them,  by  Dr.  Olbers,  of  Bremen,  in  1802;  Juno,  the 
third,  by  Mr.  Harding,  in  1804;  and  Vesta,  the  fourth,  by  Dr. 
Olbers,  in  1807.  After  the  discovery  of  the  third.  Dr.  Olbers 
suggested  the  idea  that  they  were  the  fragments  of  a  planet  that 
had  been  burst  in  pieces ;  and  considering  that  they  must  all  have 
diverged  from  one  point  in  the  original  orbit,  and  ought  to  return 
to  the  opposite  point,  he  examined  these  parts  of  the  heavens, 
and  thus  discovered  the  planet  Vesta.  But  though  this  principle 
was  in  the  possession  of  astronomers,  nearly  forty  years  elapsed 
before  any  other  planetary  fragment  was  discovered.  At  last,  in 
1845,  Mr.  Hencke,  of  Driessen,  in  Prussia,  discovered  the  frag- 
ment called  Astraea,  and,  in  1847,  another,  called  Hebe.  In 
the  same  year  our  countryman,  Mr.  Hind,  discovered  other  two, 
Iris  and  Flora.  In  1848  Mr.  Graham,  an  Irish  astronomer,  dis- 
covered a  ninth  fragment  called  Metis.  In  1849  Mr.  Gasparis, 
of  Naples,  discovered  another,  which  he  calls  Hygeia;  and 
within  the  last  two  months,  the  same  astronomer  has  discovered 
the  eleventh  fragment,  to  which  he  has  given  the  name  of  Par- 
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thenope.*  If  these  eleven  small  planets  are  really  the  remaiDS  of  a 
larger  one,  the  size  of  the  original  planet  must  have  been  consider- 
able. What  its  size  was,  would  seem  to  be  a  problem  beyond 
the  grasp  of  reason.  But  human  genius  has  been  permitted  to 
triumph  over  greater  difficulties.  The  planet  Neptune  was  discov- 
ered before  a  ray  of  its  light  had  entered  the  hnman  eye ;  and  by 
a  law  of  the  solar  system  just  discovered,  we  can  determine  the 
original  magnitude  of  the  broken  planet  long  after  it  has  been 
shivered  into  fragments, — ^and  we  might  have  determined  it  even 
after  a  single  fragment  had  proved  its  existence.  This  law  we 
owe  to  Mr.  Daniel  Kirkwood,  of  Potlsville,  a  humble  American, 
who,  like  the  illustrious  Kepler,  struggled  to  find  something  new 
among  the  arithmetical  relations  of  the  planetary  elements.  Be- 
tween every  two  adjacent  planets  there  is  a  point  where  their  at- 
tractions are  equal.  If  we  call  the  distance  of  this  point  on  one 
side  of  a  planet  to  that  on  the  other,  the  diameter  of  its  sphere  of 
attraction,  then  Mr.  Kirkwood's  law  is,  that  in  every  planet  the 
square  of  the  length  of  its  year,  reckoned  in  days,  varies  as  the 
cube  of  the  diameter  of  its  sphere  of  attraction.  This  law  has 
been  verified  by  more  than  one  American  astronomer,  and  there 
can  be  no  doubt,  as  one  of  them  expresses  it,  that  it  is  at  least 
a  physical  fact  in  the  mechanism  of  our  system.  This  law  re- 
quires the  existence  of  a  planet  between  Mars  and  Jupiter ;  and 
it  follows  from  the  law  that  the  broken  planet  must  have  been 
a  little  lai^er  than  Mars,  or  about  5,000  miles  in  diameter,  and 
that  the  length  of  its  day  must  have  been  about  57^  hours.  The 
American  astronomers  regard  this  law  as  amuonting  to  a  demon- 
stration of  the  nebular  hypothesis  of  Laplace;  but  we  ventmB 
to  say  that  this  opinion  will  not  be  adopted  by  the  astronomers 
of  England.  Among  the  more  recent  discoveries  within  the 
bounds  of  our  own  system,  I  cannot  omit  to  mention  those  of 
our  distinguished  eountryman,  Mr.  Lassels,  of  Liverpool.  By 
means  of  a  fine  twenty-feet  reflector,  constructed  by  himself,  he 
detected  the  satelliie  of  Neptune,  and  more  recently  an  eighth 
satellite  circulating  round  Saturn — a  discovery  which  was  made 
on  the  very  same  day*  by  Mr.  Bond,  Director  of  the  Oheervatory 
of  Cambridge,  in  the  United  States. 

*  Ceres  >.,.,.,,»  1801,  January  1  ..,,...,., PiazzL 

Pallas ,  1802, March  28 ,  Olbers. 

Juno ,.  1864, September  1  ...............  Hardmg. 

Vesta , >  l807,Maitdi2« Olbere. 

Astraea  ...,...,...,..,  1845,  December  8 ,,.,...,,,  Heneke, 

Hebe 1847,Ju1y1  ., ,..,...,  Henckc. 

Iris 1847,Augiwt  18  .,...,.. Hind 

Flora 1 847, October  18 Hind 

Metis., J, ,  1848,April25 Grahaio. 

Hygeia  .,,,,..,  .^..,.^  1849,  April  12 , Gasparia. 

Parthenope. ..,..., I860,  May  11  , ,  Gaspari& 
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Mr.  Lassels  has  still  more  recently,  and  under  a  singularly  favor- 
«ib1e  state  of  the  atmosphere,  observed  the  very  minute,  but  ex- 
tremely black,  shadow  of  the  ring  of  Saturn  upon  the  body  of 
the  planet.  He  observed  the  line  of  shadow  to  be  notched, 
as  it  were,  and  almost  broken  up  into  a  line  of  dots ;  thus  in- 
dicating mountains  upon  the  plane  of  the  ring — ^mountains  doubt- 
less raised  by  the  same  internal  forces  and  answering  the  same 
ends  as  those  of  our  own  globe.  In  passing  from  our  solar 
system  to  the  frontier  of  the  sidereal  universe  around  us,  we 
traverse  a  gulf  of  inconceivable  extent.  If  we  represent  the 
radius  of  the  solar  system,  or  of  Neptune's  orbit  (which  is  2,900 
millions  of  miles)  by  a  line  two  miles  long,  the  interval  be- 
tween our  system,  or  the  orbit  of  Neptune,  and  the  nearest 
fixed  star  will  be  greater  than  the  whole  circumference  of  our 
globe — or  equal  to  a  length  of  27,600  miles.  The  parallax  of 
the  nearest  fixed  star  being  supposed  to  be  one  second,  its  dis- 
tance from  the  sun  will  be  nearly  412,370  times  the  radius  of  the 
earth's  orbit,  or  13,746  times  that  of  Neptune,  which  is  thirty 
times  as  far  from  the  sun  as  the  earth.  And  yet  to  that  distant 
zone  has  the  genius  of  man  traced  the  Creator's  arm  working  the 
wonders  of  his  power,  and  diffusing  the  gifts  of  his  love — 
the  heat  and  the  light  of  suns — the  necessary  elements  of  phy- 
sical and  intellectual  life.  It  is  by  means  of  the  gigantic  teles- 
cope of  Lord  Rosse  that  we  have  become  acquainted  with  the 
form  and  character  of  those  great  assemblages  of  stars  which 
eompose  the  sidereal  universe.  Drawings  and  descriptions  of  the 
more  remarkable  of  these  nebulae,  as  resolved  by  this  noble  in- 
strument, were  communicated  by  Dr.  Robinson  to  the  last  meet- 
ing of  the  Association ;  and  it  is  with  peculiar  satisfaction  that  I 
am  able  to  state  that  many  important  discoveries  have  been  made 
by  Lord  Rosse  and  his  assistant,  Mr.  Stoney,  during  the  last  year. 
In  many  of  the  nebulae  the  peculiarities  of  structure  are  very  re- 
markable, and,  as  Lord  Rosse  observes,  "  seem  even  to  indicate 
the  presence  of  dynamical  laws  almost  within  our  grasp."  The 
spiral  arrangement  so  strongly  developed  in  some  of  the  nebulae 
is  traceable  more  or  less  distinctly  in  many  ;  but  "  more  frequent- 
ly," to  use  Lord  Rosse's  own  words,  "  there  is  a  nearer  approach 
to  a  kind  of  irregular,  interrupted,  annular  disposition  of  the  lu- 
minous material,  than  to  the  regularity  observed  in  others ;  but 
his  Lordship  is  of  opinion  that  those  nebulae  are  systems  of  a  very 
similar  nature,  seen  more  or  less  perfectly,  and  variously  placed 
with  reference  to  the  line  of  sight.  In  re-examining  the  more  re- 
markable of  these  objects.  Lord  Rosse  intends  to  view  them  with 
the  full  light  of  his  six  feet  speculum,  undiminished  by  the  second 
reflexion  of  the  small  mirror.  By  thus  adopting  what  is  called 
the  front  vieWy  he  will  doubtless,  as  he  himself  expects,  discover 
many  new  features  in  those  interesting  objects.    It  is  to  the  in- 
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iBuence  of  Lord  Rosse's  example  that  we  are  indebted  for  the  fine 
Reflecting  Telescope  of  Mr.  Lassels,  of  which  I  have  already 
spoken  ;  and  it  is  to  it,  also,  that  we  owe  another  telescope,  which, 
though  yet  unknown  to  science,  I  am  bound  in  this  place  espe- 
cially to  notice.  I  allude  to  the  reflector  recently  constructed  by 
Mr.  James  Nasmyth,  a  native  of  this  city,  already  distinguished 
by  his  mechanical  inventions,  and  one  of  a  family  well  known  to 
us  all,  and  occupying  a  high  place  among  the  artists  of  Scotland. 
This  instrument  has  its  great  speculum  twenty  feet  in  focal  length, 
and  twenty  inches  in  diameter;  but  it  diflTers  from  all  other  teles- 
copes in  the  remarkable  facility  with  which  it  can  be  used.  lis 
tube  moves  vertically  upon  hollow  trunnions,  through  which  the 
astronomer,  seated  in  a  little  observatory,  with  only  a  horizontal 
motion,  can  view  at  his  ease  every  part  of  the  heavens.  Hither^ 
to,  the  astronomer  has  been  obliged  to  seat  himself  at  the  upper 
end  of  his  Newtonian  telescope ;  and  if  no  other  observer  will 
acknowledge  the  awkwardness  and  insecurity  of  his  position,  I 
can  myself  vouch  for  its  danger,  having  fallen  from  the  very  top 
of  Mr.  Ramage's  twenty-feet  telescope  when  it  was  directed  to 
a  point  not  far  from  the  zenith. 

Though  but  slightly  connected  with  astronomy,  I  cannot  omit 
calling  your  attention  to  the  great  improvements — I  may  call  them 
discoveries — which  have  been  recently  niade  in  Photography,  I 
need  not  inform  this  meeting  that  the  art  of  taking  photographic 
negative  pictures  upon  paper  was  the  invention  of  Mr.  Fox  Talbot, 
a  distinguished  member  of  this  Association.  The  superiority  of 
the  Talbotype  to  the  Daguerreotype  is  well  known.  In  the  latter 
the  pictures  are  reverted,  and  incapable  of  being  multiplied ;  while 
in  the  Talbotype  there  is  no  reversion,  and  a  single  negative  will 
supply  a  thousand  copies,  so  that  books  may  now  be  illustrated 
with  pictures  drawn  by  the  sun.  The  difliculty  of  procuring  good 
paper  for  the  negative  is  so  great,  that  a  better  material  has  been 
eagerly  sought  for ;  and  M.  Niepce,  an  accomplished  officer  in  the 
French  service,  has  successfully  substituted  for  paper  a  film  of  albu- 
men, or  the  white  of  an  egg,  spread  upon  glass.  This  new  process 
has  been  brought  to  such  perfection  in  this  city  by  Messrs.  Ross  & 
Thompson,  that  Talbotypes  taken  by  them  and  lately  exhibited 
by  myself  to  the  National  Institute  of  France,  and  to  M.  Niepce, 
were  universally  regarded  as  the  finest  that  had  yet  been  execut- 
ed. Another  process,  in  which  gelatine  is  substituted  for  albu- 
men, has  been  invented,  and  successfully  practised  by  M.  Poite- 
vin,  a  French  officer  of  engineers;  and  by  an  ingenious  method 
which  has  been  minutely  described  in  the  weekly  proceedings  of 
the  Institute  of  France,  M.  Eklmund  Becquerel  has  succeeded  in 
transferring  to  a  daguerreotype  plate  the  prismatic  spectrum,  with 
all  its  brilliant  colors,  and  also  though  in  an  inferior  degree,  the 
colors  of  the  landscape.    These  colors,  however,  are  very  fuga- 
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ceous :  yet,  though  no  method  of  fixing  them  has  hitherto  been 
discovered,  we  cannot  doubt  that  the  difficulty  will  be  surmount- 
ed, and  that  we  shall  yet  see  all  the  colors  of  the  natural  world 
transferred  by  their  own  rays  to  surfaces  both  of  silver  and  paper. 
But  the  most  important  fact  in  photography  which  I  have  now  to 
mention,  is  the  singular  acceleration  of  the  process  discovered  by  ^ 
M.  Niepce,  which  enables  him  to  take  the  picture  of  a  landscape 
illuminated  by  diffused  light,  in  a  single  second,  or  at  most  in  two 
seconds.  By  this  process  he  obtained  a  picture  of  the  sun  on  al- 
bumen so  instantaneously,  as  to  confirm  the  remarkable  discovery 
previously  made  by  M.  Arago,  by  means  of  a  silver  plate,  that 
the  rays  which  proceed  from  the  central  parts  of  the  sun's  disc 
have  a  higher  photogenic  action  than  those  which  issue  from  its 
margin.  This  interesting  discovery  of  M.  Arago  is  one  of  a  se- 
ries on  photometry  which  that  distinguished  philosopher  is  now 
occupied  in  publishing.  Threatened  with  a  calamity  which  the 
civilized  world  will  deplore — the  loss  of  that  sight  which  has  de- 
tected so  many  brilliant  phenomena  and  penetrated  so  deeply 
into  the  mysteries  of  the  material  world,  he  is  now  completing, 
with  the  aid  of  other  eyes  than  his  own,  those  splendid  research- 
es which  will  immortalize  his  own  name  and  add  to  the  scientific 
glory  of  his  country. 

From  these  brief  notices  of  the  progress  of  science  I  must  now 
call  your  attention  to  two  important  objects  with  which  the  Brit- 
ish Association  has  been  occupied  since  their  last  meeting.  It 
has  been  long  known  both  from  theory  and  in  practice,  that  the 
imperfect  transparency  of  the  earth's  atmosphere,  and  the  unequal 
refraction  which  arises  from  differences  of  temperature  combine 
to  set  a  limit  to  the  use  of  high  magnifying  powers  in  our  tele- 
scopes. Hitherto,  however,  the  application  of  such  high  powers 
was  checked  by  the  imperfections  of  the  instruments  themselves  ; 
and  it  is  only  since  the  construction  of  Lord  Rosse's  telescope  that 
astronomers  have  found  that,  in  our  damp  and  variable  climate,  it 
is  only  during  a  few  days  of  the  year  that  telescopes  of  such  mag- 
nitude can  use  successfully  the  high  magnifying  powers  which  they 
are  capable  of  bearing.  Even  in  a  cloudless  sky,  when  the  stars  are 
sparklirjg  in  the  firmament,  the  astronomer  is  baflied  by  influences 
which  are  invisible ;  and  while  new  planets  and  new  satellites  are 
being  discovered  by  instruments  comparatively  small,  the  gigantic 
Polyphemus  lies  slumbering  in  his  cave,  blinded  by  thermal  cur- 
rents more  irresistible  than  the  firebrand  of  Ulysses.  As  the  as- 
tronomer, however,  cannot  command  a  tempest  to  clear  his  atmos- 
phere nor  a  thunder-storm  to  purify  it,  his  only  alternative  is  to 
remove  his  telescope  to  some  southern  climate,  where  no  clouds 
disturb  the  serenity  of  the  firmament,  and  no  changes  of  temper- 
ature distract  the  emanations  of  the  stars.  A  fact  has  been  re- 
cently mentioned,  which  entitles  us  to  anticipate  great  results 
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from  such  a  measure.  The  Marquess  of  Ormonde  is  said  to  ha^e 
seen  from  Mount  Etfia,  with  his  naked  eye,  the  satellites  of  Jo- 
piter.  If  this  be  true,  what  discoveries  may  we  not  expect,  even 
in  Europe,  from  a  large  reflector  working  above  the  grosser  strata 
of  our  atmosphere  ?  This  noble  experiment  of  sending  a  large 
reflector  to  a  southern  climate  has  been  but  once  made  in  the 
history  of  science.  Sir  John  Herschel  transported  his  telescopes 
and  his  family  to  the  south  of  Africa,  and  during  a  voluntary  ex- 
ile of  four  years'  duration  he  enriched  astronomy  with  many 
splendid  discoveries.  Such  a  sacrifice,  however,  is  not  likely  to 
be  made  again  ;  and  we  must,  therefore,  look  to  the  aid  of  gov- 
ernment for  the  realization  of  a  project  which  every  civilized 
people  will  applaud,  and  which,  by  adding  to  the  conquests  of 
science,  will  add  to  the  glory  of  our  country.  At  the  Birming- 
ham meeting  of  the  Association,  their  attention  was  called  to  this 
subject ;  and  being  convinced  that  great  advantages  would  accrue 
to  science  from  the  active  use  of  a  large  reflecting  telescope  in 
the  southern  hemisphere,  they  resolved  to  petition  government  for 
a  grant  of  money  for  that  purpose.  The  Royal  Society  readily 
agreed  to  second  this  application;  and  as  no  request  from  this 
Association  has  ever  been  refused,  whatever  government  was  in 
power,  we  have  every  reason  to  expect  a  favorable  answer  to  a 
memorial  from  the  pen  of  Dr.  Robinson,  which  has  just  been 
submitted  to  the  Minister.  A  recent  and  noble  act  of  liberality 
to  science  on  (he  part  of  the  government  justifies  this  expecta- 
tion. It  is,  I  believe,  not  yet  generally  known  that  L#ord  John 
Russell  has  granted  1,000/.  a  year  to  the  Royal  Society  for  pro- 
moting scientific  objects.  The  Council  of  that  distinguished 
body  has  been  very  solicitous  to  make  this  grant  eflective  in  pro- 
moting scientific  objects,  and  I  am  persuaded  that  the  measures 
they  have  adopted  are  well  fitted  to  justify  the  liberality  of  the 
government.  One  of  the  most  important  of  these  has  been  to 
place  100/.  at  the  disposal  of  the  committee  of  the  Kew  Obser- 
vatory. This  establishment,  which  has  for  several  years  been 
supported  by  the  British  Association,  was  given  to  us  by  the  Gov- 
ernment as  a  depository  for  our  books  and  instruments  and  as  a 
locality  well  fitted  for  carrying  on  electrical,  magnetical  and  me- 
teorological observations.  During  the  last  six  years  the  Observa- 
tory has  been  under  the  honorary  superintendence  of  Mr.  Ro- 
nalds, who  is  well  known  to  the  scientific  world  for  his  ingenious 
photographic  methods  of  constructing  self-registering  magnetical 
and  meteorological  apparatus.  On  the  joint  application  of  the 
Marquess  of  Northampton  and  Sir  John  Herschel,  Her  Majesty's 
go  vert]  men  t  have  granted  to  Mr.  Ronalds  a  pecuniary  recompense 
of  250/.  for  these  inventions ;  and  I  am  glad  to  be  able  to  state 
that  Mr.  Brooke  has  also  received  from  them  a  suitable  reward 
for  inventions  of  a  similar  kind.     Under  the  fostering  care  of  the 
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British  Association  the  most  valuable  electrical  observations  have 
been  made  at  Kew,  and  Mr.  Ronalds  has  continned  from  year  to 
year  to  make  those  improvements  upon  his  apparatus  which  ex** 
perience  never  fails  to  Suggest  But  I  regret  to  say,  that  in  con* 
sequence  of  our  diminished  resources,  the  Association,  at  its  meet* 
ing  in  1848,  came  to  the  resolution  of  discontinuing  the  observa* 
lions  at  Kew,  appropriating  at  the  same  time  an  adequate  sum 
for  completing  those  which  were  in  progress,  and  for  reducing 
and  discussing  the  five  years'  electrical  Observations  Which  had 
been  published  in  our  Annual  Reports.  I  trust,  however,  that 
mear^s  will  yet  be  found  to  maintain  the  Observatory  in  full  ac* 
tivity,  and  carry  out  the  original  objects  contemplated  by  the 
Committee.  Having  had  an  opportunity  of  visiting  this  estab* 
lishment  this  summer,  after  having  inspected  two  of  the  best  con* 
ducted  observatories  on  the  Continent  where  the  same  class  of 
observations  are  made,  I  have  no  hesitation  in  speaking  in  the 
highest  terms  of  the  value  of  Mr.  Ronalds's  labors,  and  in  recom* 
mending  the  institution  which  he  so  liberally  superintends  to 
the  continued  protection  of  the  Association  and  the  continued 
liberality  of  the  Royal  Society.  From  the  facts  which  1  have 
already  mentioned,  and  from  many  others  to  which  I  might 
have  referred,  the  members  of  the  Association  will  observe, 
with  no  common  pleasure,  that  the  Government  of  this  coun- 
try has,  during  the  last  twenty  years,  been  extending  their  pat* 
ronage  of  Science  and  the  Arts.  That  this  change  was  effect* 
ed  by  the  interference  of  the  British  Association,  and  by  the 
writings  and  personal  exertions  of  its  members,  could,  were  it 
necessary,  be  easily  proved.  But  though  men  of  all  shades  of 
political  feeling  have  applauded  the  growing  wisdom  and  liberal* 
ity  of  the  State,  and  though  various  individuals  are  entitled  to 
share  in  the  applause,  yet  there  is  one  statesman,  alas!  too  early 
and  too  painfully  torn  from  the  affections  of  his  country,  ivhom 
the  science  of  England  must  ever  regard  as  its  warmest  friend 
and  its  greatest  benefactor.  To  him  we  owe  new  institutions  for 
advancing  science,  and  new  colleges  for  extending  education ; 
and  had  Providence  permitted  him  to  follow  out,  in  the  serene 
evening  of  life  and  in  the  maturity  of  his  powerful  intellect,  the 
views  which  he  had  cherished  amidst  the  distractions  of  political 
strife,  he  would  have  rivalled  the  Colbert  of  another  age,  and 
would  have  completed  the  systematic  organization  of  Science 
and  Literature  and  Art  which  has  been  the  pride  and  the  glory  of 
another  land.  These  are  not  the  words  of  idle  eulogy,  or  the  ex* 
pressions  of  a  groundless  expectation.  Sir  Robert  Peel  had  en* 
lertained  the  idea  of  attaching  to  the  Royal  Society  a  number  of 
active  members,  who  should  devote  themselves  wholly  to  scien- 
tific pursuits ;  and  I  had  the  satisfaction  of  communicating  to  him, 
through  a  mutual  friend,  the  remarkable  fact,  that  I  had  found 
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among  the  mss.  of  Sir  Isaac  Newton  a  written  scheme  of  mi* 
proving  the  Royal  Society  precisely  similar  to  that  which  he 
contemplated.  Had  this  idea  been  realized,  it  would  have  bc^ea 
but  the  first  installment  of  a  debt  long  due  to  science  and  the  na- 
tion, and  it  would  have  fallen  to  the  lot  of  some  more  fortunate 
statesman  to  achieve  a  glorious  name  by  its  complete  discharge. 

It  has  always  been  one  of  the  leading  objects  of  the  British 
Association,  and  it  is  now  the  only  one  of  them  which  has  not 
been  wholly  accomplished,  "to  obtain  a  more  general  attention 
to  the  objects  of  science,  and  a  removal  of  any  disadvantages  of  a 
public  kind  which  impede  its  progress."  Although  this  object  is 
not  very  definitely  expressed,  yet  Mr.  Harcourt,  in  moving  its 
adoption,  included  under  it  the  revision  of  the  law  of  patents  and 
the  direct  national  encouragement  of  science,  two  subjects  to 
which  I  shall  briefly  direct  your  attention.  In  1831,  when  the 
Association  commenced  its  labors,  our  patent  laws  were  a  blot  on 
the  legislation  of  Great  Britain  ;  and  though  some  of  their  more 
obnoxious  provisions  have  since  that  time  been  modified  or  re- 
moved, they  are  a  blot  still,  less  deep  in  its  dye,  but  equally  a  stain 
upon  the  character  of  the  nation.  The  protection  which  is  given 
by  statute  to  every  other  property  in  Literature  and  the  fine  Arts, 
is  not  accorded  to  property  in  scientific  inventions  and  discoveries. 
A  man  of  genius  completes  an  invention,  and  after  incurring  great 
expense,  and  spending  years  of  anxiety  and  labor,  he  is  ready  to 
give  the  benefit  of  it  to  the  public.  Perhaps  it  is  an  invention  to 
save  life — the  life-boat;  to  shorten  space  and  lengthen  time — the 
railway ;  to  guide  the  commerce  of  the  world  through  the  track- 
less ocean — the  mariner's  compass;  to  extend  the  industry,  in- 
crease the  power,  and  fill  the  coffers  of  the  State — the  steam-en- 
gine ;  to  civilize  our  species,  to  raise  from  the  depths  of  ignor- 
ance and  crime — the  printing  press.  But  whatever  it  may  be,  a 
grateful  country  has  granted  to  the  inventor  the  sole  benefit  of  its 
use  for  fourteen  years.  What  the  statute  thus  freely  gives,  how- 
ever, law  and  custom  as  freely  take  away,  or  render  void.  Fees, 
varying  from  200/.  to  500/.,  are  demanded  from  the  inventor; 
and  the  gift  thus  so  highly  estimated  by  the  giver,  hears  the 
Great  Seal  of  England.  The  inventor  must  now  describe  his  in- 
vention  with  legal  precision,  if  he  errs  in  the  slightest  point — 
if  his  description  is  not  sufficiently  intelligible — if  the  smallest 
portion  of  his  invention  has  been  used  before — or  if  he  has  in- 
cautiously allowed  his  secret  to  be  made  known  to  two,  or  even 
to  one  individual, — he  will  lose  in  a  court  of  law  his  money  and 
his  privilege.  Should  his  patent  escape  unscathed  from  the  fiery 
ordeal,  it  often  happens  that  the  patentee  has  not  been  remune- 
rated during  the  fourteen  years  of  his  term.  In  this  case  the 
State  is  willing  to  extend  his  right  for  five  or  seven  years  more; 
but  he  can  obtain  this  extension  only  by  the  expensive  and  un- 
certain process  of  an  Act  of  Parliament, — a  boon  which  is  seldom 
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asked,  and  which  through  rival  influence  has  often  been  with- 
held. Such  was  the  patent  law  twenty  years  ago.  Since  that 
time  it  has  received  some  important  ameliorations;  and  though 
the  British  Association  did  not  interfere  as  a  body,  yet  some  of  its 
members  applied  energetically  on  the  subject  to  some  of  the  more 
influential  individuals  in  Lord  Grey's  government, — and  the  re- 
sult of  this  was,  two  Acts  of  Parliament  passed  in  1835  and  1839, 
entitled  "  Acts  for  amending  the  law  touching  letters  patent  for 
inventions."  Without  referring  to  another  important  Act  for  reg- 
istering designs  which  had  the  effect  of  withdrawing  from  the 
grasp  of  the  patent  laws  a  great  number  of  useful  inventions  de- 
pending principally  on  form, — I  shall  notice  only  the  valuable 
provisions  of  the  two  Acts  above  mentioned,  Acts  which  we  owe 
solely  to  Lord  Brougham.  By  the  first  of  these  Acts  the  paten- 
tee is  permitted  to  disclaim  any  part  either  of  the  title  of  his  in- 
vention, or  of  the  specification  of  it,  or  to  make  any  alteration  in 
the  title  or  specification.  The  same  Act  gives  the  Privy  Council 
the  power  of  confirming  any  patent,  or  granting  a  new  one,  when 
a  patent  had  been  taken  out  for  an  invention  which  the  patentee 
believed  to  be  new,  but  which  was  found  to  have  been  known 
before,  but  not  publicly  and  generally  used.  By  the  same  Act, 
too,  the  power  of  letters  patent  was  taken  from  Parliament,  and 
given  to  the  Privy  Council,  who  have,  on  different  occasions,  ex- 
ercised it  with  judgment  and  discrimination.  By  the  second  Act 
of  1839  this  last  privilege  was  made  more  attainable  by  the  pa- 
tentee. These  are  doubtless  valuable  improvements,  which  in- 
ventors will  gratefully  remember ;  but  till  the  enormous  fees 
which  are  still  exacted  are  either  partly  or  wholly  abolished,  and 
a  real  privilege  given  under  the  great  seal,  the  genius  of  this  coun- 
try will  never  be  able  to  compete  with  that  of  foreign  lands, 
where  patents  are  cheaply  obtained  and  better  protected.  In 
proof  of  the  justness  of  these  views,  it  is  gratifying  to  notice  that, 
within  these  few  days,  it  has  been  announced  in  Parliament  that 
the  new  Attorney-General  has  accepted  his  oflSce  on  the  express 
condition  that  the  large  fees  which  he  derives  from  patents  shall 
be  subject  to  revision. 

The  other  object  of  the  British  Association,  mentioned  by 
Mr.  Harcourt,  the  Organization  of  Science  as  a  National  Insti- 
tution, is  one  of  a  higher  order,  and  not  limited  to  individual,  or 
even  to  English  interests.  It  concerns  the  civilized  world;  not 
confined  to  time,  it  concerns  eternity.  While  the  tongue  of 
the  Almighty,  as  Kepler  expresses  it,  is  speaking  to  us  in  His 
Word,  His  finger  is  writing  to  us  in  His  works;  and  to  acquire 
a  knowledge  of  these  works  is  an  essential  portion  of  the  great 
duty  of  man.  Truth  secular  cannot  be  separated  from  truth 
divine  ;  and  if  a  priesthood  has  in  all  ages  been  organized  to  track 
and  exemplify  the  one,  and  to  maintain,  in  ages  of  darkness  and 
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corruption  the  vestal  fire  upon  the  sacred  altar,  shall  not  an  inteU 
lectnal  priesthood  be  organized  to  develop  the  glorious  troths 
which  time  and  space  embosom, — to  cast  the  glance  of  reason 
into  the  dark  interior  of  our  globe,  teeming  with  what  was  once 
life, — ito  make  the  dull  eye  of  man  sensitive  to  the  planet  which 
twinkles  from  afar,  as  well  as  to  the  luminary  which  shines  above, 
—and  to  incorporate  with  our  inner  life  those  wonders  of  the  eX' 
ternal  world  which  appeal  with  equal  power  to  the  affections  and 
to  the  reason  of  immortal  natures.  If  the  God  of  Love  is  xaosi 
appropriately  worshiped  in  the  Christian  temple,  the  God  of  Na- 
ture may  be  equally  honored  in  the  Temple  of  Science.  Even 
from  its  lofky  minarets  the  philosopher  may  summon  the  faithful 
to  prayer ;  and  the  priest  and  the  sage  may  exchange  altars  witlH 
out  the  oompromise  of  faith  or  of  knowledge.  Influenced,  no 
doubt,  by  views  like  these,  Mr.  Harcourt  has  cited  the  opinions  of 
a  philosopher  whose  memory  is  dear  to  Scotland,  and  whose  judg* 
ment  on  any  great  question  will  be  everywhere  received  with  re* 
spect  and  attention ;  I  refer  to  Prof  Playfair,  the  distinguished 
successor  in  our  Metropolitan  University  of  the  Gregorys,  the 
Maclaurins,  and  Stewarts  of  former  days,  who  in  his  able  dis- 
sertation 'On  the  Progress  of  the  Mathematical  and  Physical 
Sciences,*  thus  speaks  of  the  National  Institute  of  France  : — 

"This  Institution  has  been  considerable  advantage  to  science. 
To  detach  a  number  of  ingenious  men  from  every  thing  but  sci- 
entific  pursuits — ^to  deliver  them  alike  from  the  embarrassments 
of  poverty  and  the  temptations  of  wealth— to  give  them  a  place 
and  station  in  society  the  most  respectable  and  itidependent,  is  to 
remove  every  impediment,  and  to  add  every  stimulus  to  exertion. 
To  this  Institution,  accordingly,  operating  upon  a  people  of  great 
genius  and  indefatigable  activity  of  mind,  we  are  to  ascribe  that 
superiority  in  the  mathematical  sciences  which,  in  the  last  seventy 
years,  has  been  so  conspicuous."* 

This  just  eulogy  on  the  National  Instiuite  of  Prance,  in  reference 
to  abstract  mathematics,  may  be  safely  extended  to  every  branch 
of  theoretical  and  practical  science ;  and  I  have  no  hesitation  in 
saying,  after  having  recently  seen  the  Academy  of  Sciences  at  its 
weekly  labors,  that  it  is  the  noblest  and  n>ost  effective  institution 
that  ever  was  organized  for  the  promotion  of  Science.  Owing  to 
the  prevalence  of  scientific  knowledge  among  all  classes  of  the 
French  population,  and  to  their  admirable  system  of  elementary 
instruction,  (he  advancement  of  science,  the  diffusion  of  know* 
ledge,  and  tlie  extension  of  education  are  objects  dear  to  every 
class  of  the  people.  The  soldier  as  well  as  the  citizen — the  So- 
cialist— the  Republican  and  the  Royalist — :all  look  up  to  the 
National  Institute  as  a  mighty  obelisk  erected  to  science,  to  be 

*  Diss.  8rd,  Sec  V,  p.  600, 
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respected  and  loved  and  defended  by  all.  We  have  seen  it  stand* 
ing  unshaken  and  active  amid  all  the  revolutions  and  convulsions 
\irhich  have  so  long  agitated  that  noble  but  distracted  country — a 
common  center  of  affection,  to  which  antagonist  opinions  and 
rival  interests  and  dissevered  hearts  have  peacefully  converged.  It 
thus  becomes  an  institution  of  order,  calculated  to  send  back  to 
its  contending  friends  a  message  of  union  and  peace,  and  to  re-> 
place  in  stable  equilibrium  the  tottering  institutions  of  the  State. 
It  was  doubtless  with  views  like  these  that  the  great  Colbert  es- 
tablished the  Academy  of  Sciences  in  Paris,  and  that  the  power- 
ful and  sagacious  monarchs  on  the  continent  of  Europe  have 
imitated  his  example.  They  have  established  in  their  respective 
capitals  similar  institutions — they  have  sustained  them  with  liberal 
endowments — they  have  conferred  rank  and  honors  on  their 
more  eminent  members,  and  there  are  now  here  present  distin- 
guished foreigners  who  have  well  earned  the  rewards  and  distinc- 
tions they  have  received.  It  is,  therefore,  gentlemen,  no  extrava- 
gant opinion  that  institutions  which  have  thus  thriven  in  other 
countries  should  thrive  in  ours — that  insulated  societies,  which 
elsewhere  flourish  in  combination,  should  when  combined  flourish 
among  us — and  that  men  ordained  by  the  State  to  the  undivided 
functions  of  science  should  do  more  and  better  work  than  those 
who  snatch  an  hour  or  two  from  their  daily  toil  or  from  their 
nightly  rest.  In  a  great  nation  like  ours,  where  the  higher  inter- 
ests and  objects  of  the  State  are  necessarily  organized,  it  is  a  sin- 
gular anomaly  that  the  intellectual  interests  of  the  country  should, 
in  a  great  measure,  be  left  to  voluntary  support  and  individual 
zeal — an  anomaly  that  could  have  arisen  only  from  the  supinenesg 
of  ever-changing  administrations,  and  from  the  intelligence  and 
liberality  of  a  commercial  people — an  anomaly,  too,  that  could 
have  been  continued  only  by  the  excellence  of  the  institutions 
they  have  established.  In  the  history  of  no  civilized  people  can 
we  find  private  establishments  so  generously  fostered,  so  energeti- 
cally conducted,  and  so  successful  in  their  objects  as  the  Royal 
Societies  of  London,  Edinburgh  and  Dublin,  and  the  Astronomi- 
cal, Geological,  Zoological  and  Linnean  Societies  of  the  metro* 
polis.  They  are  an  honor  to  the  nation,  and  will  ever  be  grate- 
fully remembered  in  the  history  of  science.  But  they  are  neverthe- 
less defective  in  their  constitution,  limited  in  their  operation,  and 
incapable,  from  their  very  nature,  of  developing  and  directing  and 
rewarding  the  indigenous  talent  of  the  country.  They  are  simply 
subscription  societies,  which  pay  for  the  publication  of  their  own 
transactions,  and  adjudicate  medals  intrusted  to  them  by  the  be- 
neficence of  others.  They  are  not  bound  to  the  exercise  of  any 
other  function,  and  they  are  under  no  obligation  to  do  the  scien- 
tific work  of  the  State,  or  to  promote  any  of  those  national  ob- 
jects which  are  intrusted  to  the  organized  institutions  of  other 
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lands.     Their  President  and  Council  are  necessarily  resident  in 
London,  and  the  talent  and  the  genius  of  the  provinces  are  ex- 
cluded from  their  administration.     From  this  remark  we  mast 
except  the  distinguished  philosophers  of  Cambridge  and  Oxford, 
who,  from  their  proximity  to  the  capital,  have  been  the  brightest 
ornaments  of  our  metropolitsm  institutions,  and  without  whose  aid 
they  could  never  have  attained  their  present  pre-eminence.     It  is, 
therefore,  in  the  more  remote  parts  of  the  empire  that  the  influ- 
ence of  a  national  institution  would  be  more  immediately  felt, 
and  nowhere  more  powerfully  than  in  this  its  northern  portion. 
Our  English  friends  are,  we  believe,  little  aware  of  the  obstruc- 
tions which  oppose  the  progress  of  science  in  Scotland.     In  our 
five  universities  there  is  not  a  single  Fellowship  to  stimulate  the 
genius  and  rouse  the  ambition  of  the  student.     The  church,  the 
law  and  the  medical  profession  hold  out  no  rewards  to  the  culti- 
vators of  mathematical  and  physical  science ;  and  were  a  youth- 
ful Newton  or  Laplace  to  issue  from  any  of  our  universities,  his 
best  friends  would  advise  him  to  renounce  the  divine  gift  and  to 
seek  in  professional  toil  the  well-earned  competency  which  can 
alone  secure  him  a  just  position  in  the  social  scale  and  an  envi- 
able felicity  in  the  domestic  circle.     Did  this  truth  require  any 
evidence  in  its  support,  we  find  it  in  the  notorious  fact  that  our 
colleges   cannot  furnish  professors  to  fill  their  own  important 
offices  ;  and  the  time  is  not  distant  when  all  our  chairs  in  Mathe- 
matics, Natural  Philosophy,  and  even  Natural  History,  will  be  oc- 
cupied by  professors  educated  in  the  English  universities.     But 
were  a  Royal  Academy  or  Institute,  like  that  of  France,  estab- 
lished on  the  basis  of  our  existing  institutions,  and  a  class  of  resi- 
dent members  enabled  to  devote  themselves  wholly  to  science, 
the  youth  of  Scotland  would  instantly  start  for  the  prize,  and 
would  speedily  achieve  their  full  share  in  the  liberality  of  the 
State.    Our  universities  would  then  breathe  a  more  vital  air.    Our 
science  would  put  forth  new  energies,  and  our  literature  might 
rise  to  the  high  level  at  which  it  stands  in  our  sister  land.     But 
it  is  to  the  nation  that  the  greatest  advantages  would  accrue.    With 
gigantic  manufacturing  establishments,  depending  for  their  per- 
fection and  success  on  mechanics  and  chemistry, — with  a  royal 
and  commercial  marine  almost  covering  the  ocean, — with  steam 
ships  on  every  sea, — with  a  system  of  agriculture  leaning  upon 
science  as  its  mainstay, — with  a  net-work  of  railways  demanding 
for  their  improvement,  and  for  the  safety  of  the  traveler,  and  for 
the  remuneration  of  their  public-spirited  projectors,  the  highest 
efforts  of  mechanical  skill, — the  time  has  now  arrived  for  sum- 
moning to  the  service  of  the  State  all  the  theoretical  and  practi- 
cal wisdom  of  the  country, — for  rousing  what  is  dormant,  com- 
bining what  is  insulated,  and  uniting  in  one  great  institution  the 
living  talent  which  is  in  active  but  undirected  and  imsupported 
exercise  around  us. 
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In  thus  pleading  for  the  most  important  of  the  objects  of  the 
British  Association,  I  feel  that  I  am  not  pleading  for  a  cause  that 
is  hopeless.  The  change  has  not  only  commenced  but  has  made 
considerable  progress.  Our  scientific  institutions  have  already  to 
a  certain  extent  become  national  ones.  Apartments  belonging  to 
the  nation  have  been  liberally  granted  to  them.  Royal  medals 
have  been  founded,  and  large  sums  from  the  public  purse  devoted 
to  the  objects  which  they  contemplate.  The  Museum  of  Eco- 
nomic Geology,  indeed,  is  itself  a  complete  section  of  a  Royal 
Institute,  giving  a  scientific  position  to  six  ennnent  philosophers, 
all  of  whom  are  distinguished  members  of  this  Association.  And 
in  every  branch  of  science  and  literature  the  liberality  of  the 
Crown  has  been  extended  to  numerous  individuals  whose  names 
would  have  been  enrolled  among  the  members  of  a  National  In- 
stitution. The  cause,  therefore,  is  far  advanced  ;  and  every  act 
of  liberality  to  eminent  men,  and  every  grant  of  money  for  sci- 
entific and  literary  purposes,  is  a  distinct  step  towards  its  triumph. 
Our  private  institutions  have  in  reality  assumed  the  transition 
phase  ;  and  it  requires  only  an  electric  spark  from  a  sagacious  and 
patriotic  statesman  to  combine  in  one  noble  phalanx  the  scattered 
elements  of  our  intellectual  greatness,  and  guide  to  lofty  achiev- 
ments  and  glorious  triumphs  the  talents  and  genius  of  the  nation. 
But  when  such  an  institution  has  been  completed,  the  duties  of 
the  State  to  science  are  not  exhausted.  It  has  appreciated  knowl* 
edge  but  in  its  abstract  and  utilitarian  phase.  It  would  be  of 
little  avail  to  the  peace  and  happiness  of  society  if  the  great 
truths  of  the  material  world  were  confined  to  the  educated  and 
the  wise.  The  organization  of  science  thus  limited  would  cease 
to  be  a  blessing.  Knowledge  secular  and  knowledge  divine — 
the  double  current  of  the  intellectual  life-blood  of  man — must 
not  merely  descend  through  the  great  arteries  of  the  social  frame. 
It  must  be  taken  up  by  the  minutest  capillaries  before  it  can 
nourish  and  purify  society.  Knowledge  is  at  once  the  manna 
and  the  medicine  of  our  moral  being.  When  crime  is  the  bane, 
knowledge  is  the  antidote.  Society  may  escape  from  the  pesti- 
lence and  may  survive  the  famine ;  but  the  demon  of  Ignorance, 
with  its  grim  adjutants  of  vice  and  riot,  will  pursue  her  into  her 
most  peaceful  haunts,  destroying  our  institutions,  and  converting 
into  a  wilderness  the  paradise  of  social  and  domestic  life.  The 
State  has,  therefore,  a  great  duty  to  perform.  As  it  punishea 
crime,  it  is  bound  to  prevent  it.  As  it  subjects  us  to  laws,  it  must 
teach  us  to  read  them ;  and  while  it  thus  teaches,  it  must  teach 
also  the  ennobling  truths  which  display  the  power  and  the  wis- 
dom of  the  great  Lawgiver, — -thus  diffusing  knowledge  while  it 
is  extending  education, — and  thus  making  men  contented  and 
happy  and  humble  while  it  makes  them  quiet  and  obedient  sub- 
jects.   It  is  a  great  problem  yet  to  be  solved,  to  determine  what 
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will  be  the  state  of  society  when  man's  physical  powers  are  highly 
exalted,  and  his  physical  condition  highly  ameliorated,  with* 
out  any  corresponding  change  in  his  moral  habits  and  position. 
There  is  much  reason  to  fear  that  every  great  advance  in  material 
civilization  requires  some  moral  and  compensatory  antagonism ; 
but  however  this  may  be,  the  very  indeterminate  character  of  the 
problem  is  a  warning  to  the  rulers  of  nations  to  prepare  for  the 
contingency  by  a  system  of  national  instruction  which  shall 
either  reconcile  or  disregard  those  hostile  inOuences  under  which 
the  people  are  now  perishing  for  lack  of  knowledge. 


Art.  XXV. — On  the  proper  Height  of  Lightning  Rods  ;  by 
Elias  Loomis,  Professor  of  Mathematics  and  Natural  Philoso* 
phy  in  New  York  University. 

tlaad  before  the  American  AssociatioD  for  the  Advancement  of  Science  at  New 
Haven,  August,  1860. 

The  rule  prescribed  by  the  French  Academy  of  Science  (and 
copied  into  almost  all  works  on  electricity,)  for  determining  the 
proper  height  of  a  lightning  rod  is  that  a  rod  will  protect  a  circle 
whose  radius  is  equal  to  twice  the  height  of  the  rod.  A  case  re-^ 
cently  occurred  in  Tallmadge,  Summit  County,  Ohio,  which 
appears  to  demonstrate  that  this  rule  is  unsafe. 

On  the  afternoon  of  July  27th,  about  six  o'clock,  there  was  a 
slight  shower  of  rain  accompanied  by  a  few  flashes  of  lightning. 
One  flash  was  remarkably  vivid,  and  was  succeeded  almost  instant* 
ly  by  a  loud  report.  In  an  instant  afterwards,  a  large  pile  of  shav- 
ings lying  on  the  west  side  of  a  carriage  shop  was  found  in  full 
blaze.  The  shavings  had  recently  been  carried  out  of  the  shop 
and  were  quite  dry ;  and  as  qo  fire  had  been  used  in  that  vicinity 
for  several  weeks,  and  no  other  mode  is  known  in  which  thie 
shavings  could  have  been  ignited,  it  is  inferred  to  have  beea 
caused  by  the  electric  discharge.  The  carriage  shop  was  fur« 
nished  with  a  lightning  rod,  and  it  was  a  matter  of  surprise  that 
the  fluid  should  have  struck  the  ground  so  near  to  the  rod.  The 
top  of  the  rod  was  fifty-nine  feet  high  above  the  shavings;  and 
the  shavings  were  one  hundred  feet  distant  from  a  point  vertically 
under  the  top  of  the  rod*  According  to  the  rule  above  quoted, 
this  rod  should  have  aflbrded  complete  protection  to  a  distance  of 
one  hundred  and  eighteen  feet  from  its  base ;  whereas  the  shav' 
ings  were  struck  at  a  distance  of  one  hundred  feet,  and  that  too 
where,  being  elevated  only  a  few  inches  above  the  general  level  of 
the  ground,  they  might  be  presumed  to  afford  no  peculiar  attrac- 
tion for  the  lightning. 

This  rod  appears  to  have  been  constructed  in  accordance  with 
the  usual  rules.     It  is  terminated  by  three  points  which  are  gilded 


Digiti 


zed  by  Google 


Ehdrioal  Phenomena  m  eertain  hmmm.  SKI 

and  appear  to  be  in  tolerably  good  condition.  Abont  ten  feet 
from  tiie  top  is  a  break  in  the  rod  and  the  two  portions  are 
looped  together.  From  this  point  the  rod  is  continuous  to  the 
bottom  and  enters  the  grouud  to  the  depth  of  about  three  feet 
where  the  earth  at  the  time  referred  to  was  quite  moist.  The  rod 
is  abont  fiTe-eighths  of  an  inch  in  diameter. 

The  preceding  case  demonstrates  to  my  mind  that  it  is  unsafe 
to  rely  upon  a  rod  to  protect  a  circle  whose  radius  is  more  than 
once  and  a  half  the  height  of  the  rod,  at  least  upon  the  west 
side,  being  that  from  which  thunder  showers  generally  come  in 
this  latitude. 


Art.  XXTI. — On  the  Electrical  Phenomena  of  Certain  Houses  ; 
by  Elias  Loomis,  Prof  of  Mathematics  and  Natural  Philoso- 
phy in  New  York  University. 

Bead  before  the  American  Apsodation  for  the  AdTancemeDt  of  Science  at  New 
Haven,  August,  1850. 

Within  the  past  few  years,  several  houses  in  the  city  of  New 
York  have  exhibited  electrical  phenomena  in  a  very  remarkable 
degree.  For  months  in  succession  they  have  emitted  sparks  of 
considerable  intensity,  accompanied  by  a  loud  snap.  A  stranger 
on  entering  one  of  these  electrical  houses,  in  attempting  to  shake 
hands  with  the  inmates,  receives  a  shock  which  is  quite  notice- 
able and  somewhat  unpleasant.  Ladies  in  attempting  to  kiss  each 
other  are  saluted  by  a  spark.  A  spark  is  perceived  whenever  the 
hand  is  brought  near  to  the  knob  of  a  door — the  gilded  frame  of 
a  mirror— 4he  gas  pipes — or  any  metallic  body — especially  when 
this  body  communicates  freely  with  the  earth.  In  one  house 
which  I  have  had  an  opportunity  to  examine,  a  child  in  taking 
hold  of  the  knob  of  a  door  received  so  severe  a  shock  that  it  ran 
off  in  great  fright.  The  lady  of  the  house  in  approaching  the 
speaking  tube  to  give  orders  to  the  servants,  received  a  very  un- 
pleasant shock  in  the  mouth,  and  was  very  much  annoyed  by  the 
electricity  until  she  learned  first  to  touch  the  tube  with  her  finger. 
In  passing  from  one  parlor  to  the  other,  if  she  chanced  to  step 
upon  the  brass  plate  which  served  as  a  slide  for  the  folding  doors, 
she  received  an  unpleasant  shock  in  the  foot.  When  she  touched 
her  finger  to  the  chandelier  (the  room  was  lighted  with  gas  by  a 
chandelier  suspended  from  the  ceiling)  there  appeared  a  brilliant 
spark  and  a  snap  as  in  the  discharge  of  a  Leyden  Jar  of  good  size. 
In  many  houses  the  phenomena  have  been  so  remarkable  as  to 
occasion  general  surprise  and  almost  alarm. 

After  a  careful  examination  of  several  cases  of  this  kind,  I  have 
come  to  the  conclusion  that  the  electricity  is  excited  by  the  fric- 
tion of  the  shoes  of  the  inmates  upon  the  carpets  of  the  house. 
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I  have  proved  by  direct  experiment  that  electricity  is  excited  bf 
the  friction  of  leather  upon  woolen  cloth.  For  this  purpose  I 
stood  upon  an  insulating  stool,  and  spreading  a  small  piece  of  car- 
peting upon  a  table  before  me,  rubbed  a  piece  of  leather  vigor- 
ously upon  it,  and  then  bringing  the  leather  near  the  cap  of  a 
gold  leaf  electrometer,  the  leaves  were  repelled  with  great  vio- 
lence. The  electricity  of  the  leather  was  of  the  resinous  kind 
Electricity  therefore  must  necessarily  be  excited  whenever  a 
person  walks  with  a  shuffling  motion  across  a  carpet;  but  it 
may  be  thought  remarkable  that  the  electricity  should  be  intense 
enough  to  give  a  bright  spark.  In  order  to  produce  this  effect 
there  must  be  a  combination  of  some  favorable  circumstances. 

1.  The  carpet,  or  at  least  its  upper  surface,  must  be  entirely  of 
wool,  and  of  a  close  texture,  in  order  to  furnish  an  abundance  of 
electricity.  So  far  as  I  have  had  opportunity  to  judge,  I  infer 
that  heavy  velvet  carpets  answer  this  purpose  best.  Two  thick- 
nesses of  Ingrain  carpeting  answer  very  well.  A  drugget  spread 
upon  an  Ingrain  carpet  yields  a  good  supply  of  the  fluid.  The 
effect  of  the  increased  thickness  is  obviously  to  improve  the  insu- 
lation of  the  carpet. 

2.  The  carpet  must  be  quite  dry,  and  also  the  floor  of  the 
room,  so  that  the  fluid  may  not  be  conveyed  away  as  soon  as  it 
is  excited.  This  will  not  generally  be  the  case  except  in  winter, 
and  in  rooms  which  are  habitually  kept  quite  warm.  The  most 
remarkable  cases  which  I  have  heard  of  in  New  York  have  been 
of  close,  well-built  houses,  kept  very  warm  by  furnaces,  and  the 
electricity  was  most  abundant  in  very  cold  weather.  In  warm 
weather,  only  feeble  signs  of  electricity  are  obtained. 

3.  The  rubber,  that  is  the  shoe,  must  also  be  dry,  like  the  carpet, 
and  it  must  be  rubbed  upon  the  carpet  somewhat  vigorously. 
By  skipping  once  or  twice  across  a  room  with  a  shuffling  motion  of 
the  feet,  a  person  becomes  highly  charged,  and  then  upon  bringing 
the  knuckle  near  to  any  metallic  body,  particularly  if  it  have  good 
communication  with  the  earth,  a  bright  spark  passes.  In  almost 
any  room  which  is  furnished  with  a  woolen  carpet,  and  is  kept 
tolerably  warm,  a  spark  may  thus  be  obtained  in  winter — but  in 
some  rooms,  the  insulation  is  so  good  and  the  carpets  are  so  elec- 
trkal,  that  i^is  impossible  to  walk  across  the  floor,  without  excit- 
ing sufficient  electricity  to  give  a  spark. 

It  may  be  said  that  in  this  case  there  can  be  but  very  little 
friction  between  the  shoe  pnd  carpet.  But  it  must  be  remembered 
that  the  rubber  is  applied  to  the  carpet  with  considerable  force, 
being  aided  by  the  whole  weight  of  the  body,  so  that  a  slight 
shuffling  of  the  feet  acts  with  great  energy. 

In  the  London  and  Edinburgh  Philosophical  Magazine  for  Feb- 
ruary, 1839,  is  given  an  account  of  a  leather  strap  cbnnecting  the 
drum  of  a  Worsted  Hill^  which  gave  sparks  two  inches  in  length, 
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and  charged  a  battery  in  a  short  time.  The  strap  was  twenty- 
four  feet  long,  six  inches  broad,  and  one  eighth  of  an  inch  thick. 
It  crossed  in  the  middle  between  the  two  drums,  the  strap  form- 
ing a  figure  eight.  Here  then  was  considerable  friction,  since 
the  strap  made  one  hundred  revolutions  in  a  minute. 

In  the  American  Journal  of  Science  for  July,  1840,  is  mention- 
ed an  instance  of  a  leather  band  in  a  cotton  factory,  which  ex- 
hibited strong  electrical  excitement. 

These  examples  show  that  leather  when  subjected  to  consid- 
able  friction  yields  an  abundant  supply  of  electricity. 

In  the  Proceedings  of  the  American  Philosophical  Society  for 
December,  1840,  are  mentioned  several  cases  of  individuals  who 
drew  sparks  of  electricity  from  a  coal  stove,  and  from  a  common 
grate.  I  consider  it  probable  that  in  those  cases  the  experimen- 
ter was  the  electrified  body,  and  not  the  stove  or  grate.  How  is 
it  possible  for  a  grate  containing  burning  coals,  to  be  insulated,  so 
as  to  retain  a  charge  of  electricity  ?  On  the  other  hand,  it  is  pre- 
sumed that  the  experimenter  was  insulated  by  standing  upon  a 
carpet  made  quite  dry  by  a  winter  fire. 


XXVII. — On  a  new  method  of  decomposing  Silicates  in  the 
process  of  Analysis  ;  by  Henry  Wurtz,  of  New  York. 

Read  before  the  American  ABaociation  for  the  Adyaikcement  of  Sctenee,  at  New 
HavcD,  August,  1850. 

Having  had  occasion  in  the  course  of  some  researches  upon 
the  greensand  of  New  Jersey,  which  will  be  presented  to  the 
Association  hereafter,  to  observe  the  facility  with  which  that  sub- 
stance is  decomposed  by  fusion  with  chlorid  of  calcium,  it  oc- 
curred to  me  that  this  property  of  the  earthy  chlorids  might  be 
applicable  in  the  analysis  of  minerals. 

Some  experiments  were  accordingly  made  with  reference  to 
this  supposition.  Feldspar  and  hornblende  were  fused  with  chlo- 
rid of  calcium,  and  it  was  found  that  the  masses  thus  formed 
could  be  entirely  decomposed  by  hydrochloric  acid.  The  use  of 
chlorid  of  calcium  is  however  obviously  attended  with  several 
inconveniences,  such  as  its  deliquescent  properties,  and  the  un- 
avoidable introduction  of  a  large  quantity  of  ammoniacal  salts 
into  the  solution,  in  the  separation  of  the  lime  from  it. 

Chlorid  of  barium  was  therefore  substituted,  and  the  results  of 
experiments  upon  this  reagent  were  completely  successful. 

The  chlorid  of  barium  of  commerce  often  contains  lead,  re- 
sulting probably  from  the  leaden  vessels  in  which  it  is  crystal- 
lized. It  is  necessary  in  this  case,  to  pass  sulphuretted  hydrogen 
through  its  solution.  This  solution  is  then  filtered,  recr3rstatlized^ 
and  the  washed  crystals  dried  on  the  sandbath  and  ignited  to  drive 


Digiti 


zed  by  Google 


384  N€W  m^h^d  of  dmttnfoeing  SUkmM. 

off  the  ixrater  of  orystatlizaAioiL  The  pare  efabrid  of  bariim 
thus  obtakued  is  patverized  and  is  then  ready  to  be  uaed  for 
the  purpose  here  proposed. 

Chlorid  of  barium  may  be  fused  in  a  platiniim  erociUe  by  a 
blast  lamp,  or  by  an  alcohol  Uowpipe  lamp.  A  mixture  of  ehk>- 
jpid  of  barium  and  chlorid  of  strontium  in  atomic  proportions 
fiiees  however  far  more  easily  than  either  of  its  ingredients. 
Such  a  mixture  is  fused  by  the  heat  of  an  ordinary  Berzelins 
lamp,  and  more  easily,  I  think,  than  carbonate  of  soda.  This  is 
analogous  to  the  well  known  fact  that  a  mixture  of  carbonate  of 
soda  with  carbonate  of  potassa  fuses  more  easily  than  either  of 
,the  alltaline  carbonates  by  itself  I  have  found  nK)reover  that 
although  sulphate  of  strontia  when  precipitated  by  itself,  appears 
in  a  form  somewhat  gelatinous,  tedious  to  wash  and  difficult  to 
filter,  yet  when  precipitated  in  the  presence  of  sulphate  of  ba- 
vyta,  it  )takes  on  the  finely  granular  form  of  the  latter,  and  the 
.eombined  sulphates  are  as  easily  washed  as  the  sulphate  of  baryta 
when  precipitated  alone. 

The  atomic  proportions  of  a  mixture  of  chlorid  of  barium  and 
chlorid  of  strontium,  suitable  for  the  fusion  of  silicates,  are  about 
four  parts  of  the  former  to  three  of  the  latter. 

The  best  mode  of  proceeding  was  found  to  be  as  follows : — 

The  mineral  in  fine  powder  is  intimately  mixed  with  four  or 
five  times  its  wejght  of  chlorid  of  barium,  or  of  the  mixture  of 
xshlorid  of  bariun»  and  chlorid  of  strontium,  in  a  platinum  croci- 
.ble,  which  is  then  covered,  and  exposed  to  a  heat  sufficient  to 
fuse  tine  mass  for  twenty  or  thirty  minutes.  When  cool,  the  mass 
is  loosened  by  bending  the  crucible,  and  allowed  to  fall  into  a 
beaker  glass.  Water  is  then  poured  on  it  in  sufficient  quantity 
.to  dissolve  the  excess  of  ehlork)  of  barium,  or  chlorid  of  strantitun^ 
and  the  undissolved  portion  allowed  to  subside  to  the  bottom  of 
the  beaker.  The  clear  solution  is  then  poured  off  into  a  porce- 
lain disb,  and  concentrated  hydrochloric  acid  is  poured  upon  the 
residue  in  the  beaker.  The  precaution  of  removing  most  of  the 
.earthy  chlorids  by  means  of  water  before  adding  the  acid,  is  ne- 
<cessary  on  account  of  the  difficulty  of  decomposing  the  mass  by 
the  direct  affusion  of  strong  hydrochloric  acid,  owing  to  the  in- 
solubility of  the  chlorids  of  barium  and  strontium  in  this  ackL 

After  the  application  of  heat  to  the  beaker  until  the  resklne 
contained  in  it  is  decomposed  by  the  acid,  its  contents  are  also 
transferred  to  the  porcelain  dish,  and  the  whole  contents  of  the 
latter  evaporated  to  dryness  in  the  usual  manner,  for  the  separa- 
tion of  the  silica.  The  liltrate  from  the  silica  is  precipitated 
while  hot  with  a  slight  excess  of  sulphuric  acid,  kept  hot  for  half 
an  hour,  and  then  filtered.  The  filtrate  from  the  sidphate  of 
baryta,  must  contain  all  the  constituents  of  the  mineral  except 
the  silica,  and  these  may  be  determiiied  by  tlitt  ordinary  metfaodk 
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When  the  minend  thus  treated  contains  snlphoric  acid,  it  will 
evidently  remain  with  the  silica  in  the  form  of  sulphate  of  ha- 
ryta.  A  difficulty  would  also  seem  to  occur  when  the  mineral 
contains  much  lime,  on  account  of  the  insolubility  of  its  sulphate. 
This  last  difficulty  is  however  obviated,  in  some  degree,  by  the 
very  considerable  solubility  of  sulphate  of  lime  in  hydrochloric 
acid,  a  fact  which  must  have  been  noticed  by  many  chemists* 

The  first  qualitative  experiment  was  made  with  a  specinoen  of 
colorless  transparent  orthoclase  from  New  York  island.  This 
feldspar  was  fused  with  chlorid  of  barium,  according  to  the  above 
process,  and  the  silica  thus  obtained  was  found,  upn  fusion  with 
carbonate  of  soda,  to  be  perfectly  pure. 

The  next  experiment  was  made  upon  a  black  crystallized 
hornblende,  from  Franconia,  New  Hampshire.  The  silica  ob- 
tained from  this  was  found  to  contain  considerable  more  than  a 
trace  of  iron.  I  do  not  therefore  venture  to  recommend  this  pro- 
ces  at  present  for  minerals  which  contain  a  very  large  quantity  of 
oxyd  of  iron.  Many  more  experiments  which  time  has  not  per- 
mitted roe  to  m^e,  will  soon  be  made  to  settle  this  question, 
which  I  do  not  consider  yet  determined. 

To  test  the  chlorid  of  barium  process  quantitatively,  the  min- 
eral called  pink  scapolite,  of  Bolton,  Mass.,  long  ago  analyzed  by 
Dr.  Jackson,  was  selected.  My  results  agree  entirely  with  his, 
except  as  regards  the  presence  of  lilhia  and  oxyd  of  cerium, 
which  careful  qualitative  examination  did  not  enable  me  to 
detect. 

This  mineral  was  found,  contrary  to  recorded  statements,  to 
be  not  completely  decomposed  by  concentrated  acids,  even  when 
finely  elutriated.  A  determination  of  the  silica,  made  by  de- 
compositiou  with  hydrochloric  acid,  gave  the  per-centage  5025 } 
another,  made  by  fusion  with  carbonate  of  soda,  gave  47  55. 

Two  determinations  of  the  specific  gravity,  made  upon  the 
identical  portion  of  mineral  which  was  analyzed,  dried  at  212^  in 
coarse  powder,  gave  the  numbers  2  7002  and  2  7046. 

The  results  of  a  fusion  with  chlorid  of  barium  were  as  follows : 

24-78 
12-71 

708 


10077 
Agreemg  nearly  with  the  received  formula  of  scapolite — 

(Ca  ]Sra)»  5i»+2*l  Si, 

which  requires  for  the  oxygen  of  the  protoxyds,  peroxyds  and 


Oxygen. 

Silica,    ....    47-67 

24-78 

Alumina,        .        .        .    2575 

12  035  ) 
•68    5 

Peroxyd  of  iron,    .        .      2-26 

Lime,    ....     17-31 

4-82    ) 
2-26    S 

Soda,     ....      7-76 

Protoxyd  of  manganese,     trace. 
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silica,  the  ratio  1:2:4,  while  the  above  analysis  gives  the  ratio 
114 : 206  :  4. 

This  method  appears  to  possess  advantages  for  decomposiQg 
silicates  which  contain  both  the  alkalies,  over  the  ordinary  meth- 
ods of  fusion  with  the  hydrate  or  with  the  carbonate  of  bar3rta. 
Hydrate  of  baryta  generally  acts  upon  the  crucible,  causing  the 
mass  to  adhere  to  it ;  and  upon  the  affusion  of  hydrochloric  acid, 
any  potash  which  the  mineral  may  contain,  consequently  enters 
into  combination  as  biohlorid  of  platinum  and  potassium,  and  re- 
mains with  the  silica.  The  carbonate  of  baryta  process  requires 
an  intense  heat,  and  is  difficult  of  execution. 

7'he  chlorid  of  barium  process  proposed  in  this  paper  is  prob- 
ably not  more  laborious  than  an  ordinary  carbonate  of  soda  fu- 
sion, and  is  applicable  in  cases  in  which  the  silicate  contains  both 
potash  and  soda. 


Art.  XXVIII. — On  the  availability  of  the  Oreensand  of  New 
Jersey  as  a  source  of  Potash  and  its  Compounds;  by  Henry 
WuRTz,  of  New  York  City. 

Read  before  the  American  Assodation  for  the  Advancement  of  Sctenoe,  at  New 
Haven,  August,  1850. 

The  vast  importance  of  potash  and  its  compounds  in  the  arts, 
long  ago  impressed  upon  chemists  the  necessity  of  finding  some 
source  of  these  compounds  other  than  the  ashes  of  the  forests. 

Accordingly,  a  great  multitude  of  experiments  have  been  made 
upon  feldspar,  by  various  chemists,  in  the  hope  of  attaining  this 
important  end,  but  owing  to  the  peculiar  chemical  and  physical 
properties  of  feldspar,  the  success  of  these  researcl^es  has  been 
doubtful. 

It  is  true  that  the  feeble  affinities  exerted  by  mineral  waters 
impregnated  with  carbonic  acid,  and  even  those  of  pure  water 
itself,  acting  through  hundreds  of  jrears,  have  been  found  suffi- 
cient to  break  down  the  constitution  of  this  hard  silicate,  thus 
giving  rise  to  vast  beds  of  kaolin,  but  when  it  is  attempted  to 
effect  the  same  thing  within  any  reasonable  time,  by  artificial 
means,  it  is  found  necessary  to  bring  into  play  temperatures  and 
forces  too  enormous  in  amount  to  be  economical  in  practice. 

I  have  not  been  able  to  ascertain  that  any  one  has  yet  proposed 
to  use,  as  a  means  of  obtaining  the  end  under  consideration,  the 
vast  deposits  of  the  potash  mineral  called  Greensand^  which 
exist  in  the  United  States,  and  it  is  the  object  of  the  present  pa- 
per to  show  that  this  substance  is  far  superior  to  feldspar  in  its 
adaptation  to  this  purpose. 
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The  existence  and  common  attributes  of  the  greensand  are 
generally  known,  but  a  few  words  on  this  subject  will  not  be 
amiss.  It  exists  in  greater  or  less  quantity  in  several  Stales,  but 
has  its  greatest  development,  1  believe,  in  the  State  of  New  Jer- 
sey, where  it  forms  a  stratum  of  variable  thickness,  covering  a 
great  portion  of  the  counties  of  Monmouth,  Burlington,  Glouces- 
ter and  Salem.  Wherever  it  occurs,  it  is  spread  upon  the  land 
in  large  quantities  as  a  fertilizer,  and  is  a  source  of  wealth  to  the 
farmers,  to  whom  it  is  known  by  the  name  of  Marl.  Its  proper- 
ties as  a  fertilizer  are  undoubtedly  owing  to  the  ease  with  which 
the  potash  which  it  contains  is  abstracted  from  it  by  atmospheric 
agencies,  as  is  suggested  by  Prof  Henry  D.  Rogers,  in  his  Report 
upon  the  Geology  of  New  Jersey,  in  which  he  has  devoted  about 
a  hundred  pages  to  the  greensand,  and  has  given  many  analyses 
which  indicate  the  presence  of  from  10  to  13  per  cent,  of  potash. 
No  analyst  has,  to  my  knowledge,  found  potash  in  the  English 
greensand,  the  fertilizing  properties  of  which  appear  to  be  due  to 
the  presence  of  phosphates. 

The  external  appearances  of  the  New  Jersey  marl  are  very 
various.  Some  varieties  are  almost  entirely  composed  of  grains 
of  greensand,  others  contain  variable  proportions  of  a  red  or 
brown  earth  and  of  quartz.  A  few  contain  more  or  less  carbon- 
ate of  lime  in  such  a  form  that  it  is  not  acted  upon  by  dilute 
acids  in  the  cold,  although  upon  the  application  of  heat  a  violent 
effervescence  appears.  Many  contain  iron  pyrites  and  some  a 
trace  of  sulphate  of  iron.  No  variety  which  I  have  examined 
has  yielded  any  phosphoric  acid. 

The  greensand  grains  themselves  contain,  besides  potash,  silica, 
alumina,  one  or  the  other  or  both  of  the  oxyds  of  iron,  and  water, 
with  sometimes  a  little  magnesia. 

The  invariable  development  of  a  smell  of  formic  acid  by  the 
action  of  strong  sulphuric  acid  upon  them,  seems  to  indicate  the 
presence  of  a  little  organic  matter.  Analyses  of  two  varieties  of 
the  marl  from  the  estate  of  the  late  Alfred  Bishop  of  Bridgeport, 
at  Shrewsbury,  Monmouth  County,  yielded  the  following  results: 

I.  n. 

Silica, 48-24  47-83 

Alumina  and  oxyd  of  iron,  principally  peroxyd,    32*89  34-98 

Potash, 638  4-94 

Magnesia, 2*60 

Hydroscopic  water, ^^^^  iim 

Combined  water, 6*69  5 

100-61        99-25 

It  may  be  remarked  here  that  Prof.  Rogers's  results  were  ob- 
tained upon  the  greensand  grains  separated  as  much  as  possible 
from  intermixed  earth  and  sand,  while  the  above  were  made  upon 
the  impure  marl  itself. 
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For  more  detailed  information  I  must  refer  to  the  elaborate  re- 
port of  Prof.  Rogers  before  mentioned.  I  will  only  slate  fartber 
that  the  greensand  grains  are  easily  pulverized,  having  only  aboot 
the  hardness  of  gypsum,  and  that  they  are  decomposed  by  dilate 
acids,  and  we  then  come  to  the  immediate  subject  of  this  paper. 

Considering  that  the  greensand  contains  the  constituents  of 
alum,  with  the  exception  of  the  sulphuric  acid,  it  seemed  proba- 
ble that  by  the  action  of  sulphuric  acid  upon  it,  a  solution  would 
be  formed  containing  more  or  less  alum.  Many  experiments 
were  made  and  much  time  was  spent  upon  this  point  without 
much  success.  It  seemed  as  if  the  protoxyd  of  iron  was  dis- 
solved by  the  acid  much  more  readily  than  any  other  constituent 
of  the  marl,  and  also  that  the  organic  matter  interfered  in  some 
way.  The  solutions  obtained  had  generally  a  dark  brown  color 
and  a  smell  resembling  that  of  formic  acid.  They  contained 
much  sulphate  of  protoxyd  of  iron,  and  gave  a  few  impure  crj^- 
tals  of  alum.  A  portion  of  the  greensand  was  next  gently  igni- 
ted, which  served  the  purpose  of  destroying  the  organic  matter, 
if  any  was  present,  and  also  of  peroxydizing  the  iron,  thus  ren- 
dering it  less  soluble  in  acids.  The  pulverized  and  ignited  marl 
presented  the  appearance  of  a  brownish  red  powder.  It  was 
easily  decomposed  by  dilute  sulphuric  acid,  yielding  a  solution, 
the  contents  of  which,  upon  analysis,  proved  to  be  principsrily 
common  alum,  together  with  small  quantities  of  iron-alum  and 
of  the  persulphates  of  alumina  and  iron.  The  first  crystals  of 
alum  obtained  from  a  considerable  mass  of  the  solution  were  al- 
most perfectly  pure,  and  upon  the  addition  of  a  small  quantity  of 
chlorid  of  potassium  to  the  solution,  it  was  found,  as  might  have 
been  predicted,  that  all  the  iron  was  converted  into  the  uncrys- 
tallizaWe  perchlorid,  the  sulphate  of  potash  thus  formed  by 
double  decomposition  combining  with  the  free  sulphate  of  alu- 
mina to  form  common  alum ;  and  even  in  the  last  crops  of  crys- 
tals now  obtained  little  or  no  iron  could  be  detected.  The  man- 
ufacture of  alum,  therefore,  by  the  action  of  sulphuric  acid  upon 
previously  ignited  greensand  marl,  promises  to  be  successful  be- 
yond all  anticipation.  It  is  obvious  that  it  will  be  necessary  to 
select  varieties  of  the  nr>arl  as  free  as  possible  from  lime  and  mag- 
nesia, which  would  cai^se  a  waste  of  acid. 

My  researches  were  aext  directed  towards  the  production  of 
chlorid  of  potassium.  Attempts  to  form  this  substance  by  the 
direct  action  of  hydrochloric  acjd  upon  the  ignited  marl  were 
unsuccessful.  A  very  large  quantity  of  perchlorid  of  iron  was 
formed,  which  would  give  rise  to  too  great  a  loss  of  acid. 

It  was  next  found  that  by  fusing  together  greensand  and  chlo- 
rid of  sodium  at  a  red  heat,  a  hard  mass  was  formed,  which  yield- 
ed with  water  a  solution  containing  potash ;  but  owing  to  the 
difficulty  of  separating  chlorid  of  potassium  from  chlorid  of  sodi- 
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um  when  the  latter  is  present  in  greater  quantity  than  the  former, 
this  observation  was  considered  of  little  value. 

A  widely  different  conclusion  was  arrived  at,  when  chlorid  6f , 
calcium  was  substituted  for  chlorid  of  sodium.  The  pulverized 
and  ignited  marl  was  mixed  with  a  sufficient  quantity  of  chlorid 
of  calcium  to  form  upon  the  fusion  of  the  latter,  a  pasty  mass. 
The  decomposition  of  the  greensand  takes  place  in  this  case  at  a 
low  temperature,  and  is  so  complete  that  I  have  founded  upon 
this  circumstance  a  method  of  decomposing  minerals  in  the  pro- 
cess of  analysis,  which  I  have  had  the  honor  of  presenting  to  the 
Association  before. 

It  is  evident  that  the  combined  water  of  the  greensand  must 
be  expelled  by  ignition  previous  to  fusing  it  with  chlorid  of  cal- 
cium, otherwise  a  quantity  of  the  fused  chlorid  of  calcium  will 
inevitably  be  decomposed  by  the  steam  evolved.  The  fusion 
may  also  be  performed  in  close  vessels  to  avoid  the  decomposition 
which  chlorid  of  calcium  undergoes  when  fused  in  contact  with 
the  air.  The  mass,  after  fusion,  falls  to  pieces  in  water,  yielding 
to  this  solvent,  in  most  cases,  all  the  potash  which  was  contained 
in  the  greensand  employed  in  the  form  of  chlorid  of  potassium. 
The  separation  of  this  from  the  excess  of  chlorid  of  calcium  is  an 
easy  problem,  owing  to  the  difference  between  their  solubilities. 

This  application  of  the  chlorid  of  calcium  will  open  a  market 
for  the  large  quantities  of  this  substance  which  are  thrown  away 
in  some  manufactories  of  soda-ash. 

All  attempts  to  procure  sulphate  of  potash  by  the  fusion  of 
various  sulphates  with  the  greensatid  were  unsuccessful.  In 
fact,  the  greensand  itself,  at  a  temperature  below  the  fusing  points 
of  the  sulphates  of  lime  and  magnesia,  fuses  to  a  black  glass 
which  is  no  longer  decomposable  by  acids. 

A  great  number  of  other  experiments  were  made  upon  the 
greensand,  but  no  results  were  arrived  at,  which  promise  to  be  of 
any  practical  value  except  the  above. 

A  very  great  number  of  experiments  were  also  made,  having 
for  their  object  to  obtain  sulphate  of  potash  by  fusing  together 
chlorid  of  potassium  with  alum  and  with  various  sulphates,  such 
as  those  of  iron,  magnesia  and  zinc,  which  gave  results  of  great 
practical  value,  but  as  these  researches  had  but  a  fortuitous  con- 
nection with  those  upon  the  greensand,  I  shall  not  introduce  an 
account  of  them  here. 

I  will  merely  remark  that  if  sulphate  of  potash  can  be  obtained 
by  fusing  together  alum  and  chlorid  of  potassium,  both  of  these 
being  obtained  economically  from  the  greensand  by  the  above 
processes,  it  is  evident  that  this  sulphate  of  potash  may  be  treated 
in  the  same  manner  for  the  production  of  potash  as  sulphate  of 
soda  is  in  the  manufacture  of  soda-ash,  and  it  seems  to  me  that 
the  desideratum  of  another  source  of  potash  is  thus  supplied. 

Sjccond  Seeiks,  VoL  X,  No.  80.— Nor.,  1860.  42 
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Art.  XXIX. — On  the  Diurnal  and  Annual  Variations  in  the 
Declination  of  the  Magnetic  Needle,  and  in  the  Horizontal 
and  Vertical  Magnetic  Intensities ;  by  Prof.  W.  A.  NcwrroK. 

In  my  paper  on  the  Diurnal  Variations  of  the  Magnetic  ele- 
ments, published  in  a  former  No.  of  this  Journal,*  I  showed  that 
the  variations  of  the  horizontal  magnetic  intensity  which  lie 
between  the  hours  of  10  p.  m.  and  10  a.  m.  of  the  following  day 
proceed  pan /)as5u,  and  are  undoubtedly  in  some  way  physically 
connected  with  the  variations  that  take  place  during  the  same 
interval  of  time  in  the  quantity  of  moisture  innnediately  at  the 
earth's  surface : — or  at  all  events  that  the  deviations  from  the 
general  law  of  proportionality  to  temperature  that  occur  during 
this  interval  are  effects,  direct  or  indirect,  of  the  deposition  of 
dew  during  the  night,  and  evaporation  of  moisture  during  the 
morning  hours.  I  accounted  for  the  connection  subsisting  be- 
tween such  dissimilar  phenomena  by  assuming  that  particles  of 
water  in  contact  with  the  earth's  surface,  (and  possibly  in  the 
vaporous  state.)  had  a  direct  magnetic  action  upon  the  needle,  in 
accordance  with  the  general  theory  that  I  had  advanced.  This 
is  the  simplest  assumption  that  can  be  made  in  the  case,  but  it 
is  to  be  observed  that  the  connection  in  question  may  possibly  be 
attributable  to  some  indirect  effect  of  deposition  and  evaporation  ; 
as,  for  example,  the  disturbance  of  the  electric  equilibrium,  which, 
as  is  well  known,  is  attendant  upon  these  phenomena,  or  the 
varying  conduction  of  electrical  currents,  or  some  other  cause. 
For  the  present,  however,  it  is  most  philosophical  to  abide  by 
that  view  which  gives  us  the  highest  generalization — which  rep- 
resents, at  the  same  time,  the  normal  state  of  the  earth's  mag- 
netism and  its  periodical  variations. 

It  is  true  that  we  have  no  authority,  derived  from  experiment, 
for  supposing  water  to  have  a  magnetic  action,  as  the  term  mag- 
nectic  is  generally  understood.  It  has  only  been  established,  by 
direct  exf)eriment,  that  water  detached  from  the  general  mass  of 
the  earth,  has  what  is  called  a  diamagnetic  action.  But  onr  first 
aim  in  such  inquiries  should  be  to  obtain  the  highest  generaliza- 
tion possible,  from  the  discussion  of  the  phenomena  merely. 
The  reconciliation  of  this  generalization  with  the  results  of  ex- 
periment is  to  be  reserved  for  siibsequent  inquiry.  Observation 
and  experiment  are  here  two  independent  paths  converging  to 
the  same  great  truth.  I  would  also  remark,  with  regard  to  the 
meteorological  discussion,  incidentally  entered  into  in  the  paper 
above  referred  to,  concerning  the  thermal  effect  of  dew,  that  this 
effect  may  perhaps  have  been  overrated,  and  that  the  law  of  the 

*  See  this  Journal,  ii  ser.,  voL  viii,  p.  85. 
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noctarnat  diminution  of  temperature  may  be  partially  attributable 
to  the  unequal  cooling  action  of  ascending  currents  of  air,  con- 
tinuing during  a  portion  of  the  night.  Although  the  fact  that 
this  law  obtains  in  the  calmest  nights,  and  the  assertion  so  often 
repeated  by  meteorologists  that  in  clear  calm  nights  the  tempera- 
ture of  the  soil  falls  many  degrees  below  that  of  the  air  a  few  feet 
above  it,  would  seem  to  render  such  a  supposition  inadmissible. 
But,  whatever  view  may  be  taken  of  the  relative  part  performed 
by  the  dew  in  determining  the  law  of  the  nocturnal  loss  of  tem- 
perature, it  is  to  be  observed  that  it  suffices  for  the  explanation 
of  the  connection  subsisting  between  this  law  and  that  of  the 
nocturnal  variations  of  the  horizontal  magnetic  intensity ;  since 
it  must  be  admitted  that  the  tendency  of  the  thermal  influence  of 
dew  is  to  produce  an  inequality  of  loss  of  temperature  of  the 
same  kind  with  that  which  actually  obtains.  However,  if  the 
inequality  in  the  nocturnal  decrease  of  temperature  be  not  entirely 
attributable  to  the  deposition  of  dew,  it  must  then  be  admitted 
that  the  cause  which  cooperates  meteorologically  with  the  dew, 
may  possibly  also  cooperate  magnetically  with  it  in  determining 
the  law  of  the  nocturnal  variations  of  the  horizontal  force. 

Having  made  these  explanations  and  qualifying  statements  with 
reference  to  my  former  memoir,  I  propose  now  to  show,  from 
another  point  of  view,  the  high  probability  of  the  truth  of  the 
explanation  which  I  have  there  given  of  the  diurnal  variations  of 
the  horizontal  force ;  and  subsequently  to  discuss  the  annual  vari- 
ations of  the  magnetic  elements. 

A  short  time  previous  to  the  date  of  the  publication  of  that 
memoir,  I  was  led  to  make  a  comparison  between  the  curves 
showing  the  diurnal  variations  of  the  horizontal  force,  (as  given 
in  the  Report  of  the  Meteorological  and  Magnetical  Observations, 
made  at  the  Girard  College  Observatory,  1840  to  1845,)  with  the 
curves  showing  the  diurnal  variations  of  the  height  of  the  barom- 
eter;  and  noticed  that  the  following  remarkable  relations  subsist- 
ed between  them.  They  each  have  two  maxima  and  two  min" 
ima,  atid  the  muxima  of  the  one  set  of  curves  occur  at  very  nearly 
the  sam£  hours  as  the  minima  of  the  other.  The  same  relations 
may  be  observed  in  the  following  tabular  statement. 

Hours  of  Daily  Maxima  and  Minima  of  Horizontal  Force 
and  Barometer^  at  Philadelphia,  for  the  year  1844. 


Horizftntal  Force. 

Barometer. 

Prin.  Masdmum, 

«  to  4  p.  M. 

10  A.  X. 

6  a.m. 
11  p.  M,  to  Midnight 

9  A.M. 

4  p.m. 

Midnight 

4  a.m. 

Prio.  MiDimum, 

Sp<^.  MiixiniiiTn,  .................  ^ ... . 

Sec  Minimum, 

It  will  be  seen  that  the  hours  of  maxima  and  minima  of  the 
barometer  differ  by  not  more  than  one  hour  from  the  hours  of 
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minima  and  maxima  of  the  horizontal  force.  If  we  make  the 
comparison  for  other  years,  and  also  for  the  quarters  of  years,  we 
find  a  similar  approximate  correspondence. 

If  we  descend  to  a  minute  comparison,  we  find  that  the  inter- 
vals between  the  precise  hours  of  maxima  and  minima  in  some 
instances  amount  to  as  much  as  two  hours;  in  fact  that  the  sec- 
ondary or  morning  minimum  of  the  barometer  sometimes  pre- 
cedes the  secondary  maximum  of  horizontal  force  by  three  or 
four  hours.  If  it  be  imagined  that  the  existence  of  so  lai^e  oc- 
casional differences  between  the  times  of  maxima  and  minima 
renders  it  improbable  that  there  is  any  physical  connection  be- 
tween the  diurnal  variations  of  the  barometer  and  the  diumal 
variations  of  the  horizontal  force,  it  is  to  be  observed  that  the 
variations  both  of  barometer  and  horizontal  force  are  compara- 
iively  small  during  the  night,  and  also  in  general  about  the  times 
of  maxima  and  minima ;  and  therefore  that  such  comparatively 
small  differences  may  be  expected  to  subsist,  unless  the  two  phe- 
nomena be  supposed  to  be  identical  in  their  origin.  If  the  times 
of  the  maxima  of  the  one  element  were  alwa]rs  precisely  the 
same  as  the  times  of  the  minima  of  the  other,  then  it  would 
seem  highly  probable  that  the  diumal  variations  of  the  horizontal 
force  are  in  some  way  directly  dependent  upon  the  diurnal  varia- 
tions of  the  pressure  of  the  air ;  as  it  is,  the  more  probable  con- 
clusion is,  that  these  two  different  phenomena  are  two  different 
effects  or  consequences  of  the  same  meteorological  phenomenon. 

When  I  had  arrived  at  this  point  in  the  progress  of  my  inves- 
tigations, it  at  once  occurred  to  me  that,  as  the  diurnal  variations 
of  the  horizontal  force  had  been  explained  by  referring  them  to 
the  daily  changes  in  the  temperature  and  humidity  of  the  earth's 
surface,  the  diurnal  variations  of  the  barometer  were  probably  at- 
tributable to  daily  changes  in  the  temperature  and  humidity  of 
the  air.  It  was  seen  that  the  same  evaporation  by  day  which 
tended  to  dimifiish  the  horizontal  force,  would  tend,  by  adding 
to  the  quantity  of  vapor  in  the  air,  to  augment  the  height  of  the 
barometer,  and  that  the  same  condensation  of  vapor  at  the  earth's 
surface  at  night,  which  tended  to  increase  the  horizontal  force, 
would,  by  diminishing  the  quantity  of  vapor  in  the  air,  tend  to 
make  the  barometer  fall :  also  that  if  these  tendencies,  in  conjunc- 
tion with  those  due  to  variations  of  temperature,  are  the  actual 
producing  causes  of  the  diurnal  variations  of  the  barometer  and 
horizontal  force,  there  would  doubtless  be  an  approximate  corres- 
pondence between  the  maxima  of  the  one  element  and  the  minima 
of  the  other.  It  is  somewhat  curious  that  I  should  have  been 
conducted  in  this  indirect  manner,  to  the  explanation  of  the  daily 
variations  of  the  barometer,  which,  as  I  have  since  found,  has 
been  conclusiirely  established,  to  be  the  tme  explanation  of  this 
phenomenon,  by  direct  observation.    This  is  known  to  meteor- 
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ologists  as  Dove's  theory  of  the  diurnal  variations  of  the  barom* 
eter.  This  theory,  as  stated  by  Kaemtz,  is  that  the  pressure  of 
the  atmosphere  is  equal  to  the  sum  of  the  pressures  of  dry  air 
and  aqueous  vapor,  and  thus  the  barometric  cohimn  is  composed, 
so  to  speak,  of  two  parts;  one  of  which  corresponds  to  the  air; 
the  other  to  the  aqueous  vapor.  Now  when  the  temperature 
rises  the  density  of  the  air  diminishes,  but  the  tension  of  the 
vapor  augments,  and  vice  versa.  To  bring  his  theory  to  the  test 
of  figures,  "  he  analyzed  a  set  of  observations  made  by  Neuber 
at  Apenrade  with  a  Danieirs  hygrometer.  He  calculated  the 
tension  of  the  vapor  for  each  hour  of  the  day,  and  subtracted  it 
from  the  barometric  cohimn ;  he  thus  obtained  the  pressure  of 
dry  air,  and  found  that  it  had  but  one  maximum  and  one  min- 
imum, each  day :" — the  former,  (at  a  mean  for  the  year,)  occur- 
ring at  1  A.  M.,  and  the  latter  at  2  p.  m.  Kaemtz  adduces  his  own 
calculations,  from  other  observations,  as  evidence  against  the 
theory  of  Professor  Dove.  But  the  results  obtained  by  several 
other  observers  tend  to  confirm  this  theory.  The  following  re- 
sult was  obtained  from  a  discussion  of  the  meteorological  observ- 
ations made  at  the  Toronto  Observatory,  during  the  years  1841 
and  1842.  **  The  diurnal  pressure  of  the  gaseous  atmosphere  has 
one  maximum  which  occurs  about  the  coldest  hour  of  the  day,  and 
one  minimum  which  occurs  about  the  warmest  hour  of  the  day. 
The  elastic  force  of  the  vapor  has  also  one  maximum  which  oc- 
curs at  2  p.  M.,  and  one  minimum  at  4  a.  m.  The  sum  of  these 
two  pressures  however  exhibits  two  daily  maxima,  viz.,  at  10 
A.  M.  and  p.  M.,  and  two  daily  minima,  viz.,  about  3  or  4  a.  m.  and 
p.  M.  Thus  this  knotty  question  respecting  the  diurnal  oscilla- 
tions of  the  barometer  has  been  beautifully  resolved  by  simply 
interrogating  nature."  A  similar  conclusion  may  be  drawn 
from  the  hourly  meteorological  observations  made  during  the 
year  1842  at  the  following  places  in  Russia,  viz.,  St.  Petersburg, 
Barraoul,  Catharinenburg,  and  Sitka.'**'  It  is  true  that  small  irreg- 
ularities are  noticed,  but  as  the  same  general  law  appears  to  exist 
everywhere,  it  is  to  be  supposed  that  such  irregularities  super- 
vene upon  it  at  particular  localities  by  reason  of  certain  local 
peculiarities. 

That  the  explanation  of  the  diurnal  variations  of  the  barome- 
ter, upon  Dove's  theory,  corresponds  precisely  to  that  which  I 
have  given  of  the  diurnal  variations  of  the  horizontal  force  will 
be  readily  seen.  In  the  morning,  as  the  temperature  rises  the 
pressure  of  dry  air  diminishes,  but  the  tension  of  the  vapor  which 
forms  over-compensates  this  effect,  and  thus  the  barometer  rises. 
This  continues  until  about  9  a.  m.  After  this  the  diminution  in 
the  pressure  of  dry  air  prevails  over  the  increase  due  to  the  aug- 

*  See  this  Jounud  for  January,  1846,  pp.  188, 189, 140. 
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mented  quantity  of  vapor,  and  the  barometer  falls  until  3  or  4 
p.  u.  When  the  temperature  begins  to  fall  the  barometer  also 
descends  by  reason  of  the  increase  in  the  density  of  the  air :  but 
in  the  evening,  when  a  portion  of  the  atmospheric  vapor  begins 
to  fall  in  dew,  a  tendency  to  a  diminution  of  the  barometric 
pressure  arises,  but  it  is  not  until  about  midnight  that  this  ten- 
dency begins  to  prevail  over  the  tendency  to  an  increase.  From 
that  time  the  barometer  falls,  from  this  cause,  until  towards  the 
hour  of  minimum  temperature. 

The  explanation  which  I  have  before  given  of  the  diurnal 
variations  of  the  horizontal  force  is,  in  substance,  as  follows.  la 
the  morning  as  the  temperature  rises  the  molecular  magnetic 
force  increases,  and  therefore  the  horizontal  force  tends  to  in- 
crease, but  the  diminution  arising  from  the  evaporation  going  on 
at  the  earth's  surface  over-compensates  this  tendency,  and  hence 
the  horizontal  force,  on  the  whole,  decreases.  This  continues 
until  about  10  a.  m.  After  this  the  increase,  from  the  rise  of 
temperature,  prevails  over  the  diminution  produced  by  the  con- 
tinued evaporation*  until  about  4  p.  m.  From  that  lime  the  hori- 
zontal force  decreases  with  the  temperature  until  about  11  p.  m.; 
when  the  tendency  to  increase  resulting  from  the  deposition  of 
dew  begins  to  prevail  over  the  opposite  tendency  resulting  from 
the  falling  of  the  temperature.  This  second  augmentation  con- 
tinues until  about  5  a.  m. 

In  view  of  what  has  now  been  stated  it  will,  I  think,  be  ad- 
mitted that  the  diurnal  variations  both  of  the  horizontal  magnetic 
force  and  of  the  barometer  are  in  all  probability  certain  effects 
resulting  from  the  joint  operation  of  the  same  two  general  antag- 
onistic causes-^viz.,  variations  of  temperature  and  variations  of 
humidity.  The  theory  of  the  variations  of  the  horizontal  force 
which  I  have  advanced  is  in  accordance  with  the  fact  of  the  ap- 
parent connection  subsisting  between  these  phenomena.  Other 
theories  may  perhaps  be  devised,  equally  in  accordance  with  this 
singular  fact ;  and  indeed  it  must  be  conceded  that  it  is  strongly 
suggestive  of  the  idea  that  the  cause  of  the  variations  of  the 
horizontal  force,  like  that  of  the  variations  of  the  barometric 
column,  must  subsist  in  the  atmosphere.  In  fact  if  it  be  admit- 
ted that  the  particles  of  the  atmosphere  and  of  the  atmospheric 
vapor  have  a  magnetic  action  upon  the  needle,  like  those  of  the 
solid  mass  of  the  earth,  then  it  is  a  simple  consequence  of  the 
principles  of  the  general  theory  under  consideration  that  the  hori- 
zontal force  will  vary,  by  reason  of  this  action,  after  the  manner 
in  which  it  is  observed  to  do.  For,  the  greater  portion  of  the 
atmosphere  being  posited  above  the  needle,  the  tendency  of  its 

*  It  is  to  be  observed  that  we  are  hone  speakiiig  of  the  arerage  state  of  tfainga  m 
the  course  of  a  year,  or  quarters  of  a  year. 
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action  will  be  to  diminish  the  horizontal  force ;  and  therefore 
when  the  number  of  particles  of  humid  air  increases  immediately 
above  the  needle  and  the  barometer  falls,  the  horizontal  force 
will  diminish.  Whether  the  atmosphere  has  really  any  effect, 
and  if  so,  what  portion  of  the  observed  changes  is  due  to  it,  and 
what  to  the  action  of  the  varying  temperature  and  humidity  of 
the  surface  of  the  ground,  cannot,  perhaps  as  yet  be  established 
with  certainty.  The  occasional  occurrence  in  the  atmosphere  of 
the  luminous  magnetic  phenomenon,  called  the  Aurora  Borealis,— - 
a  phenomenon  which,  (as  I  think  may  be  clearly  shown,)  is  also 
dependent  upon  the  same  two  meteorological  elements,  viz., 
temperature  and  humidity — seems  to  favor  the  idea  of  atmos- 
pheric magnetic  action :  but,  if  it  be  conceded  that,  as  is  generally 
supposed,  electrical  currents  flow  along  the  auroral  columns,  we 
have  in  these  currents  apparently  a  suflicient  explanation  of  the 
magnetic  action  of  the  aurora,  and  have  therefore  no  good  ground 
for  supposing  that  the  atmosphere  has  a  magnetic  action  in  its 
normal  state.  We  may,  however,  still  conjecturally  connect  the 
aurora  with  the  diurnal  variations  of  the  horizontal  magnetic  in- 
tensity by  imagining  that  the  daily  changes  of  temperature  and 
humidity  of  the  atmosphere  are  attended  with  electrical  currents 
which  traverse  the  atmosphere  without  producing  any  percepti- 
ble luminosity,  or  perhaps  any  other  perceptible  effects,  except 
upon  the  magnetic  needle. 

The  philosophical  course  for  the  present,  however,  is  to  abide 
by  the  theory  which  furnishes  the  most  direct  representation  pos- 
sible of  the  connection  subsisting  between  the  barometric  and 
magnetic  variations,  and  at  the  same  time  accords  with  a  general 
theory  that  satisfies  the  conditions  imposed  by  the  normal  state 
of  the  earth's  magnetism. 

Annual  Variations  of  the  Horizontal  Magnetic  Intensity. 

It  having  been  established  (or  at  least  rendered  in  the  highest 
degree  probable)  that  the  diurnal  variations  of  the  horizontal 
magnetic  intensity  are  due  to  changes  in  the  temperature  and 
humidity  of  the  earth's  surface  (or  atmosphere),  we  naturally  seek 
for  the  explanation  of  the  annual  variations  of  the  horizontal 
force  in  annual  changes  of  temperature  and  humidity.  We  have 
moreover  seen  that  the  diurnal  variations  of  the  horizontal  force 
and  barometer  are  linked  together,  and  due  to  the  same  two  gen- 
eral causes.  It  is  therefore  to  be  inferred  that  a  similar  connec- 
tion must  subsist  between  the  annual  variations  of  the  horizontal 
force  and  barometer,  and  that  the  two  phenomena  must  be  other 
parallel  effects  of  changes  of  temperature  and  humidity.  Now 
if  we  compare  the  curve  showing  the  variations  of  the  horizontal 
force  from  month  to  month  with  the  corresponding  curve  for  the 
barometer,  we  in  fact  find  an  approximate  correspondence  be- 
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tween  the  maxima  of  the  one  and  the  minima  of  the  other.*  In 
the  midst  of  irregular  variations  the  following  general  law  is  very 
manifest  in  the  curve  of  the  barometric  variations,  viz.,  there  is 
a  maximum  in  January  (or  thereabouts),  a  minimum  in  the  spring, 
another  maximum  about  August,  and  another  less  decided  mini- 
mum in  the  fall.  This  law  has  also  been  revealed  by  the  ob- 
servations made  in  Europe.  It  is  stated  as  follows  by  Kaemtz, 
(Cours  Complet  de  Meteorologie,  p.  282.)  "Selling  out  from 
winter  the  pressure"  (of  the  air)  "diminishes  until  the  equinox, 
then  it  augments  in  summer  without  attaining  nevertheless  to  the 
winter  mean ;  we  afterwards  find  in  autumn  traces  of  the  second 
minimum,  then  the  curve  rises  again  until  winter."  The  same  law 
is  also  manifest  in  the  curve  for  the  horizontal  force,  substituting 
maximum  for  minimum  and  minimum  for  maximum.  Before 
noticing  this  connection  between  the  annual  variations  of  the  hori- 
zontal force  and  of  the  height  of  the  barometer,  I  inferred  from 
my  previous  investigations  that  the  following  was  probably  the 
true  explanation  of  the  annual  variations  of  the  horizontal  force. 

From  the  winter  to  the  summer  this  force  tends  to  increase  by 
reason  of  the  increase  of  tem|)erature,  and  to  diminish  by  reason  of 
the  loss  of  moisture  from  the  earth's  surface  (or  increase  of  vapor 
in  the  air).  For  a  time  the  first  cause  prevails  over  the  second  and 
thus  the  force  augments.  But  the  formation  of  vapor  will  be  pro- 
portionally more  and  more  rapid  for  the  same  rise  of  temperature, 
and  thus  it  happens  that  some  time  during  the  spring  the  ten- 
dency to  a  diminution  of  the  horizontal  force  comes  to  prevail 
over  the  tendency  to  an  increase.  This  stale  of  things  contin- 
ues until  the  lime  of  maximum  temperature  (July  or  August). 
After  this  for  a  certain  time  the  temperature  will  fall  without  a 
proportionate  diminution  in  the  quantity  of  vapor  in  the  air  ;  and 
thus  the  horizontal  force  will  continue  to  decrease  for  a  certain 
time  beyond  the  time  of  maximum  temperature.  But  we  may 
expect  that  during  the  autumn  the  rapid  diminution  in  the  quan- 
tity of  va|wr  in  the  air  will  give  rise  to  an  opposite  tendency; 
which  will  continue  until  the  effect  of  the  average  daily  loss  of 
vapor  (being  proportionally  less  from  day  to  day)  comes  to  be 
overbalanced  by  the  opposite  effect  of  the  diminution  of  temper- 
ature. Thus  there  may  be  a  second  maximum  in  the  fall,  follow- 
ed by  a  minimum  in  the  winter.  While  this  would  be  the  gen- 
eral course  of  things,  there  would  be  room  for  material  irregular- 
ities in  individual  years. 

This  explanation  of  the  annual  variations  of  the  horizontal 
magnetic  intensity  I  find  to  be  substantially  the  same,  mutatis 
muiandiSj  as  that  given  by  Professor  Dove  of  the  corresponding 
variations  of  the  height  of  the  barometer.     He  has  established 

*  See  Plates  in  Report  of  ObeerratioiM  at  Girard  GoUcge  Oheervatoiy. 
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that  the  pressure  of  dry  air  has  but  one  maximum  and  one  mirw 
imum  during  the  year, — the  former  in  the  winter  and  the  latter 
in  the  summer.  The  tension  of  the  atmospheric  vapor,  on  the 
other  hand,  attains  its  minimum  in  the  winter  and  maximum  in 
the  summer.  Prom  the  combination  of  these  two  pressures  there 
results  two  maxima  and  two  minima  of  actual  pressure,  as  pre* 
viously  stated.  There  is  "a  minimum  in  the  spring  because  that 
then  the  pressure  of  dry  air  diminishes  rapidly,  while  the  quan* 
tity  of  vapor  is  not  yet  very  considerable.  We  find  traces  of  a 
second  minimum  in  autumn  because  the  quantity  of  aqueous 
vapor  diminishes  rapidly,  while  the  pressure  of  dry  air  increases 
slowly." 

It  must  accordingly  be  admitted  to  be  highly  probable  that 
the  annual  variations  of  horizontal  magnetic  intensity  are  attribu* 
table  to  the  combined  operation  of  the  same  two  general  antag- 
onistic causes  as  the  diurnal  variations,  viz.,  variations  of  tem- 
perature and  variations  of  humidity.  It  must  also  be  admitted 
that  the  existence  of  such  a  connection  between  these  diurnal  and 
annual  magnetic  and  meteorological  phenomena  is  a  necessary 
inference  from  the  Thermal  Theory  of  Terrestrial  Magnetism; 
and  that  this  theory  furnishes  a  rational  and  consistent  explana- 
tion of  the  laws  of  the  magnetic  variations. 

Annual  Variations  of  the  Vertical  Magnetic  Intensity. 

On  examining  the  curve  showing  the  annual  variations  of  the 
vertical  magnetic  intensity  at  Philadelphia  for  the  years  1841  to 
1845,  we  find  that  the  general  law  is  that  the  intensity  is  greatest 
about  June  or  July,  and  least  about  December  or  January.  To 
this  general  law  an  exception  occurs  in  the  year  1841 — ihe  force 
decreasing,  instead  of  increasing,  from  the  first  of  the  year  until 
July,  and  then  increasing  until  November,  after  which  there  is  a 
decrease  in  accordance  with  the  general  law.  Now  it  will  he 
recollected  that,  agreeably  to  the  theory  under  consideration,  the 
vertical  magnetic  force  is  dependent  upon  the  differences  of  tem- 
perature between  the  station  of  the  needle  and  all  places  situated 
to  the  north  or  south  of  this  station,  within  the  circle  of  sensible 
magnetic  action.  We  have  therefore  to  enquire  whether  these 
differences  observe  the  same  law  of  variation  as  the  vertical  mag- 
netic intensity;  and  also  whether  there  is  any  exception  to  the 
general  law,  corresponding  with  that  above  metitioned,  during  the 
year  1841.  The  observations  which  I  have  obtained  sfiited  to 
this  inquiry,  (viz.,  the  mean  monthly  temperatures  at  Wash- 
ington, Newtown,  Port  Carbon,  and  Silver  iJike,  for  1841  and  a 
part  of  1842,  and  at  Trenton  for  1842)  furnish  results  which  ac- 
cord, for  the  most  part,  with  the  theory.  But  as  these  results 
are  confined  to  one  or  two  years,  no  certain  conclusion  can  be 
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drawn  from  thetn ;  I  shall  accordingly  reserve  this  discussion  for 
a  future  occasion. 

Annual  Variations  of  Declination. 

According  to  the  theory  under  consideration  the  annual  raria- 
tions  of  declination  are  attributable  to  the  annual  variations  in 
the  position  of  the  isothermal  line— or  rather,  to  be  precise,  of 
the  line  of  equal  molecular  magnetic  intensity,  which  must  ap- 
proximate more  or  less  to  the  isothermal  line.  Now  the  annual 
movements  of  the  isothermal  line  may  be  ascertained  by  discuss- 
ing the  annual  variations  that  take  place  in  the  differences  be- 
tween the  mean  monthly  temperature  at  Philadelphia  and  at 
some  place  to  the  east  or  west  of  Philadelphia; — that  is,  suppos- 
ing that  the  law  of  the  variation  is  the  same  whatever  place  so 
situated  with  regard  to  Philadelphia  be  taken.  The  following 
table  shows  the  mean  monthly  differences  of  temperature  for 
1841,  between  Philadelphia  and  several  places  to  the  west  of 
Philadelphia. 


Mean  Monthly  Differences  of  Temperature  for  1841. 
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It  will  be  observed  that  the  mean  monthly  differences  of  tem- 
perature for  all  these  places  are  greater  at  the  beginning  and  end 
of  the  year  than  toward  the  middle  of  the  year.  The  mintis 
sign  indicates  that  the  temperature  at  Philadelphia  is  less  than  at 
the  other  place. 

It  appears  from  these  results  that  during  the  year  1841,  the 
temperature  at  places  to  the  west  of  Philadelphia,  from  being  less 
than  that  at  Philadelphia  at  the  beginning  of  the  year,  became 
eflual  to  it,  or  greater,  toward  the  middle  of  the  year,  and  less 
again  at  ihe  close  of  the  year.  The  isothermal  line  through 
Philadelphia  must  therefore,  on  the  west  side  of  Philadelphia, 
have  moved  towards  the  north  during  the  first  part  of  the  year, 
and  towards  the  south  during  the  latter  part  of  the  year.  The 
tendency  of  these  movements  would  be  to  make  the  declination 
least  toward  the  middle  of  the  year  and  greatest  at  the  beginning 
and  end  of  the  year.  Now,  as  a  matter  of  fact,  on  examining 
the  curve  given  in  the  Report  of  the  Observations  at  the  Girard 
College  Observatory,  showing  the  annual  variations  of  declina- 
tion at  Philadelphia,  we  find  that  in  1841  the  declination  was 
greatest  in  January  and  February,  and  again  in  November  and 
December,  and  least  in  April  and  May.     On  inspecting  the  table 
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given  above,  it  will  also  be  seen  that  an  irregularity  occurs  in  the 
month  of  October.  In  the  curve  of  the  declination  there  is  a 
corresponding  irregularity ;  the  declination  was  less  in  October 
than  in  September,  and  much  greater  in  November  than  ia 
October. 

The  curve  of  annual  variations  of  declination  above  referred  to, 
shows  that  the  same  general  law  obtained  during  the  entire  pe- 
riod of  the  observations  comprised  between  June,  1840,  and  the 
beginning  of  1844.  The  following  table  shows  that  the  varia- 
tions of  the  difference  of  temperature  between  Philadelphia  and 
Lancaster  followed  the  same  law  during  this  period. 

Mean  Monthly  Differences  of  Temperature  between  Philadelphia 
and  Lancaster,  Pa. 
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The  temperatures  at  Philadelphia  used  in  the  calculations  are 
those  given  in  the  Report  of  the  Girard  College  observations,  ex- 
cept in  the  case  of  the  year  1841,  for  which  the  temperatures 
published  in  the  Journal  of  the  Franklin  Institute  were  used. 
The  temperatures  for  Lancaster  were  obtained  from  the  Journal 
of  the  Franklin  Institute  and  from  the  original  manuscripts  of 
Dr.  W.  M.  Atlee's  Reports  to  the  Franklin  Institute  which  he  had 
the  kindness  to  place  in  my  hands.  The  observations  for  Get- 
tysburg, Carlisle,  Harrisburg,  and  W.  Chester  were  also  obtained 
from  the  published  reports  to  the  Franklin  Institute,  under  the 
general  system  of  meteorological  observation  established  by  this 
Institute.  The  daily  observations  were  made  at  7  a.  m.,  2  p.  m., 
and  9  p.  M. 

It  is  to  be  observed  that  the  comparatively  large  plus  differen- 
ces of  temperature  that  occur  in  the  year  1841,  as  given  in  the 
above  table,  are  to  be  attributed  to  the  fact  that  the  temperatures 
at  Philadelphia  as  reported  to  the  Franklin  Institute  are  higher 
than  as  given  in  the  Girard  College  observations.  Making  use  of 
the  latter  we  obtain  for  the 

Differences  of  Temperature  between  Philadelphia  and  Lancaster 

for  1841. 
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The  results  which  we  have  obtained  leave  little  room  to  doubt 
that  the  principal  annual  movements  of  the  needle  are  connected 
with  certain  corresponding  movements  of  the  isothermal  line; 


Digiti 


zed  by  Google 


340  Prof.  W.  A  Norton  on  the  Diurnal  and  Annual  variaium$^S^ 

and  that  the  connection  is  such  as  our  theory  calls  for.  The 
question  of  this  connection  cannot  however  be  definitively  settled 
until  we  have  obtained  a  longer  series  of  observations,  and  at  a 
greater  number  of  places. 

General  Results. 

It  may  be  well  to  recapitulate  here  the  more  important  resalts 
arrived  at  in  this  and  the  previous  memoir. 

1.  The  diurnal  and  annual  variations  of  the  horizontal  mag- 
netic intensity  are  due  to  the  joint  operation  of  two  general  an- 
tagonistic causes,  viz.,  variations  of  temperature  and  variations  of 
humidity. 

2.  The  diurnal  and  annual  variations  of  the  height  of  the 
barometer  (or  pressure  of  the  air)  are  attributable  to  the  same 
general  causes  ; — with  this  probable  ditference,  that  in  one  case 
the  effects  result  directly  from  changes  in  the  temperature  and 
humidity  of  the  air,  and  in  the  other  from  changes  in  the  tem- 
perature and  humidity  of  the  earth's  surface. 

3.  The  variations  of  horizontal  magnetic  intensity  and  of  bai^ 
ometric  height  follow  the  same  law ;  with  the  single  exception, 
that  the  maxima  of  the  one  element  occur  at  the  same  hours  as 
ibe  minima  of  the  other. 

4.  The  observed  variations  of  the  horizontal  magnetic  inten- 
uty  are  legitimate  consequences  of  the  thermal  theory  of  terres- 
trial magnetism ;  granting  that  moisture  has  a  magnetic  action. 

5.  The  deviations,  in  the  variations  of  the  horizontal  force, 
from  the  general  Jaw  of  proportionality  to  temperature,  are  modi- 
fications produced  by  the  deposition  of  vapor  from  the  atmos- 

fhere  and  the  evaporation  of  the  same  from  the  earth's  surface, 
n  the  case  of  thediurnal  variations  these  effects  (taking  the  mean 
of  three  months'  variations)  are  confined  chiefly  to  the  interval 
between  sundown  and  the  hour  of  10  a.  m.  on  the  following  day. 

6.  Taking  the  mean  for  three  months,  the  amount  of  the  de- 
crease of  the  horizontal  force  during  the  morning  hours  depends 
chiefly  upon  the  quantity  of  rain  that  falls.*  The  explanation 
of  this  dependence  is  that  the  diminution  of  this  force  in  the 
morning  is  owing  to  the  evaporation  which  then  occurs,  and  the 
average  amount  of  this  evaporation  must  be  mainly  dependent 
upon  the  average  quantity  of  rain  that  falls. 

7.  The  deposition  of  dew  at  night  which  has  the  eflfect  to 
eheck,  and  even  overcome  the  diminution  of  the  horizontal  force 
due  to  the  fall  of  the  temperature,  exerts  also  an  important  influ- 
ence in  moderating  the  nocturnal  decrease  of  temperature,  which 
does  not  appear  hitherto  to  have  been  recognized.f 

*  See  this  Journal,  2nd  ser^  voL  viii,  Number  for  Nov,  1849,  p.  853. 
f  See  this  Journal,  2nd  9er,  voL  Tiii,  Number  for  Sepi,  1849,  p^  226. 
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8.  The  diurnal  variations  of  the  vertical  magnetic  intensity 
are,  for  the  most  part,  in  accordance  with  the  idea  that  they  arise 
from  variations  in  the  difference  between  the  temperature  at  the 
station  of  the  needle  and  the  temperature  at  a  place  to  the  north 
or  south  of  it. 

The  annual  variations  of  vertical  force  and  difference  of  tem- 
perature also  appear  to  proceed  pari  passu  with  each  other;  but 
the  observations  hitherto  discussed  are  too  limited  to  settle  defini- 
tively the  question  of  natural  dependence. 

9.  There  is  an  undoubted  connection  between  the  diurnal 
variations  of  the  declination  and  those  of  the  horizontal  force. 
This  connection  may  be  described  as  follows:  when  the  curve 
showing  the  diurnal  variations  of  the  horizontal  force  is  concave 
upward,  the  declination  (westerly)  is  increasing ;  and  when  the 
curve  is  convex  upward,  the  declination  is  decreasing.  As  a 
consequence  the  maxima  and  minima  of  declination  must  be 
cotemporaneous  with  the  points  of  inflexion  of  the  curve  of 
horizontal  force.* 

10.  This  connection  accords  with  our  theory,  agreeably  to 
which  the  declination  varies  with  the  shifting  position  of  the  line 
of  equal  molecular  magnetic  intensity; — which  line  must  be  very 
nearly  coincident  with  the  line  of  equal  horizontal  magnetic 
force.  The  line  in  question  differs  from  the  true  isothermal  line 
by  reason  of  the  modifications  of  the  horizontal  force  induced 
by  changes  of  humidity. 

11.  The  annual  variations  of  declination  appear  to  be  mainly 
dependent  upon  an  annual  oscillatory  movement  of  the  isother- 
mal line.  This  result  accords  with  the  theory  if  we  grant  that, 
taking  the  monthly  means,  the  isothermal  line  will  differ  but 
little  from  the  line  of  equal  molecular  magnetic  intensity.  We 
know  that  these  lines  must  approximate  more  or  less  to  each 
other.  The  degree  of  approximation  can  only  be  directly  ascer- 
tained by  a  detailed  and  extended  discussion. 


Art.  XXX. — On  the  Analogy  bettoeen  the  mode  of  Reproduc- 
tion in  Plants  and  the  "  Altematmi  of  Generations^^  observed 
in  some  Radiata  ;  by  James  D.  Dana. 

Read  before  the  American  Association  for  tlie  Advancement  of  Science  at  New 
Haven,  August,  1860. 

The  very  remarkable  fact  that  a  Polyp  and  a  Medusa  may  be 
in  some  instances  different  states  of  one  and  the  same  species, 
has  been  well  established  of  late  by  the  researches  of  Sars, 
Dalyell,  Steenstrup,  and  others;  and  recent  important  observa* 

*  See  this  Journal,  2nd  ser.,  viii,  860, 861. 
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tions  have  been  made  on  the  subject  by  Professor  Agassiz.     The 
alternations  are  as  follows: — 

1.  The  Mednsa  produces  eggs ; — 

2.  The  eggs,  after  passing  through  an  infusorial  state,  fix 
themselves  aujd  become  polyps,  like  Corynse,  Tubularise,  or  Cam- 
panulariae ; — 

3.  The  polyps  produce  a  kind  of  bud  that  finally  drops  off 
and  becomes  a  Medusa. 

Thus  the  egg  of  a  Medusa,  in  such  cases,  does  not  produce 
ft  Medusa,  except  after  going  through  the  intennediate  state  of  a 
polyp. 

Or  if  we  commence  with  the  polyp,  the  series  is  thus: — 

1.  The  polyp  produces  bulbs  that  become  Medusse ; 

2.  The  Medusae  produce  eggs; 

3.  The  eggs  produce  polyps. 

This  is  what  is  called  by  Steenstrup  "Alternation  of  Genera- 
tions ;"  and  he  considers  the  earlier  generation  as  preparing  the 
way  for  the  latter.  It  certainly  seems  to  be  a  most  mysterious 
process: — a  jmrent  producing  eggs  which  afford  a  progeny  of 
wholly  different  form,  (even  so  different,  that  naturalists  have 
arranged  the  progeny  in  another  grand  division  of  the  Radiata) ; 
and  this  progeny,  afterwards,  by  a  species  of  budding  or  gem- 
mation repeating  the  form  of  the  original  parent. 

Yet  although  seemingly  so  mysterious,  is  not  this  mode  of  de- 
velopment common  in  the  vegetable  kingdom?  Is  it  not  the 
prevalent  process  in  the  plants  of  our  gardens  and  fields,  with 
which  we  are  all  familiar? 

It  is  well  known  to  us,  that  in  most  plants,  our  trees  and 
shrubs  for  example,  growth  from  the  seed  brings  out  a  bud  of 
leaves ;  from  this  bud  after  elongation,  other  leaf-buds  are  often 
developed,  each  consisting  like  the  first  of  a  number  of  leaves. 
It  is  an  admitted  fact  (as  may  be  found  in  Treatises  on  Vegetable 
Physiology)  that  each  of  these  buds  is  a  proper  plant-individual, 
and  that  those  constituting  a  tree  are  as  distinct  and  independent 
as  the  several  polyps  of  a  compound  zoophyte ;  and  that  the  tree 
therefore  is  as  much  a  compound  group  of  individuals,  as  the 
zoophyte.  In  some  cases  the  plant  forms  but  a  single  leaf-bud ; 
in  others,  where  there  is  successive  gemmation  for  a  period,  the 
number  is  gradually  multipled,  and  more  or  less  according  to  the 
habit  of  the  species.  So  among  polyps,  there  is  the  simple  and 
compound  Tubuiaria,  Campanularia,  and  the  like. 

After  the  plant  has  sufficiently  matured  by  the  production  and 
growth  of  its  number  of  leaf-buds,  there  is  a  new  development — 
a  flower-bud, — consisting  of  the  same  elements  as  the  leaf-bud, 
but  wholly  unlike  it  in  general  appearance — as  much  so,  as  the 
Medusa  is  unlike  the  polyp.  The  flower-individual  starts  as  a 
bulb  from  the  leaf-individual,  or  the  group  of  leaf-individuals, 
and  is  analogous  in  every  respect  to  the  bulbis  from  the  Campania 
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larias  and  allied  species ;  and  when  it  has  fully  matured,  it  pro* 
duces,  like  the  Medusa,  ovules  or  seed — these  seed  to  begin  the 
round  again  of  successive  or  alternating  developments. 

Thus  among  plants  the  seed  produce  leaf-individuals ;  these 
yield  bulbs  or  buds  becoming  flower-individuals ;  and  these  pro* 
duce  seeds;  precisely,  as  the  egg  produces  polyps,  the  polyps, 
bulbs  that  develop  into  Medusae,  and  the  Medusfie,  eggs. 

When  we  follow  out  this  subject  minutely,  we  find  the  anal- 
ogy completely  sustained  even  in  minor  points  of  structure  and 
growth.  The  leaf-bud  consists  of  leaves  developed  in  a  spiral 
order ;  and  in  the  polyp,  as  some  species  show  beyond  doubt,  the 
tentacles  and  corresponding  parts  are  spiral  in  development.  The 
same  spiral  character  is  found  in  the  flower,  but  the  volutions  are 
so  close  as  not  to  be  distinguished  readily  from  circles.  In  the 
Medusae  referred  to,  the  regularly  circular  form  is  far  more  neatly 
and  perfectly  developed  than  among  the  polyps — as  is  clearly  seen 
in  a  comparison  of  the  polyp  Coryna,  with  the  elegant  Sarsia,  a 
species  of  which  is  described  and  beautifully  delineated  in  Pro- 
fessor Agassiz's  recent  memoir,  published  by  the  American  Acad- 
emy of  Arts  and  Sciences  at  Boston.  The  relations  in  structure 
between  plants  and  polyps  might  be  farther  dwelt  upon ;  but  for 
other  observations  the  writer  would  refer  to  his  voltnne  on 
Zoophytes. 

The  only  point  in  which  the  analogy  seems  to  fail,  is  that  the 
Medusa-bud  falls  off  before  its  full  development,  while  this  is  not 
so  with  plants.  But- it  is  obvious  that  this  is  unimportant  in  its 
bearing  on  this  subject  It  is  a  consequence  of  the  grand  difier- 
ence  in  the  mode  of  nutrition  in  the  two  kingdoms  of  nature ; 
for  the  plant-bud  on  separation  loses  its  only  means  of  nutriment. 

The  law  of  alternating  generations  is  therefore  no  limited 
principle,  strange  and  anomalous,  applying  only  to  a  few  Radiata. 
It  embraces  imder  its  scope,  the  vegetable  kingdom,  and  it  is  but 
another  instance  of  identity  in  the  laws  of  growth  in  the  two 
great  departments  of  life. 


Art.  XXXI. — On  Electro-magnetism  as  a  Moving  Power  ;  by 
Prof.  Chas.  G.  Page. 

Note. — We  are  expecting  from  Prof.  Page  a  description  by 
himself  of  his  new  electro-motive  engine :  and  in  the  mean  time 
give  a  brief  explanation  of  its  fundamental  principle,  with  the 
following  Report  to  the  Secretary  of  the  Navy  upon  the  progress 
of  his  investigations. 

It  is  well  known  that  when  a  helix  of  suitable  power  is  con- 
nected with  the  poles  of  a  battery  in  action,  that  an  iron  bar 
within  it  will  remain  held  up  by  the  induced  magnetism  al- 
though the  helix  be  put  in  a  vertical  position:  and  if  the  bar 
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be  partly  drawn  out  of  the  helix  by  the  hand,  it  goes  back  with 
a  spring  when  the  hand  lets  go  its  hold.  This  power — the 
action  of  the  helix  upon  the  metallic  bar  within  it,— *is  the  power 
used  in  his  engine.  The  power,  when  a  single  coil  is  used,  has 
its  points  of  greatest  and  weakest  force,  and  in  this  condition  is 
objectionable.  But  by  making  the  coil  to  consist  of  a  series  of 
short  independent  helices,  which  are  to  be  brought  in  action  suc- 
cessively, the  metallic  rod  is  made  to  pass  through  the  coil  and 
back  again  with  great  rapidity  and  an  equable  motion.  In  all  the 
engines  hitherto  used,  there  is  a  loss  of  power  at  the  instant  of  the 
change  of  current,  owing  to  the  production  of  a  secondary  current 
moving  in  the  opposite  direction,  and  to  this  loss  is  owing  the  fact 
that  these  engines  cannot  be  rendered  available.  Prof.  Page  had 
in  view  the  obviating  of  this  difficulty  when  he  commen^d  his 
recent  investigations,  and  has  full  success  in  his  new  invention. 

The  report  below  is  an  outline  only  of  his  experiments  on  the 
application  of  Electro-magnetism,  and  is  dated,  Aug.  3d,  1850. 
We  take  the  Report  from  the  National  Intelligencer  of  Septem- 
ber 4. — Eds. 

From  the  brief  time  allowed,  it  will  be  impossible  for  me  to  do 
more  in  this  respect  than  to  give  an  outline  of  the  experiments 
which  I  have  repeated  and  recorded  during  the  past  year.  Their 
full  detail  and  explanation  will  form  a  volume,  replete  with  inter* 
esting  scientific  matter,  and  require  much  time  and  labor. 

The  first  principal  experiments  were  made  with  a  small  trial 
engine,  built  expressly  for  the  purpose,  and  with  the  utmost  care 
in  reference  to  mechanical  accuracy.  Attached  to  this  was  a  dy- 
namometer of  new  construction,  and  admirably  adapted  to  the 
purpose.  This  was  invented  by  my  principal  engineer,  and  meas- 
ured in  a  most  satisfactory  manner  the  dynamic  power  of  the  en- 
gine, at  any  given  velocity — a  great  desideratum  in  estimating 
this  new  power.  With  this  trial  engine  the  following  important 
questions  were  tested : 

1.  The  dynamic  values  of  different  qualities  of  soft  iron. 

2.  The  dynamic  values  of  steel,  hard  and  soft. 

3.  The  dynamic  value  of  cast  iron. 

The  statical  values  of  all  these  varieties  were  tested  by  a  sepa- 
rate apparatus,  constructed  for  the  purpose,  called  the  axial  galvar  ^ 
nometer.     Twelve  varieties  in  all  were  tested,  and  were  in  ters  of 
uniform  size,  one  foot  in  length,  and  one  inch  in  diameter,  and  it 
was  found  that  the  statical  sind  dynamic  properties  corresponded. 

4.  The  proportions  of  the  helices  were  approximately  tested, 
though  much  remains  unsettled  yet  U|K)n  this  important  point. 

5.  The  advantages  of  keeping  up  the  magnetism  in  the  axial 
bar  was  most  satisfactorily  tested. 

6.  Various  modes  were  tried  of  reversing  the  motion  of  the 
engine,  and  with  success. 
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7.  Various,  kinds  of  cut-off  (which  is  the  most  critical  and  itn* 
portant  point  in  the  construction  of  the  engine)  were  tried. 

&  The  operation  of  closed  circuits  and  secondary  currents  was 
tested  by  a  number  of  experiments,  requiring  greai  care  and  ac-* 
^uracy^ 

9.  The  best  working  velocity  of  this  engine,  and  its  absolute 
power  with  a  given  battery,  was  fully  tested. 

10.  The  ratio  of  increase  of  power,  with  au  increase  in  the 
quantity  of  the  current. 

1 1.  The  values  of  different  kinds  of  metal  in  forming  the  cut-off, 

12.  Various  mechanical  points  of  construction,  supposed  to 
have  been  incompatible  with  the  exhibition  of  this  power,  were 
put  to  a  practical  test. 

Various  other  minor  points  also  were  the  subject  of  experiment, 
which  will  be  communicated  hereafter. 

A  second  model,  of  small  size  and  son^ewhat  rude  construe^ 
lion,  was  also  made,  with  a  view  of  testing  a  new  arrangement 
of  the  axial  bars. 

Experiments  were  then  commenced  upon  a  larger  scale,  with  a 
view  to  determine  whether  the  same  proportion  of  power  could 
be  obtained  from  large  as  from  small  engines,  this  being  the 
principal  question  in  view  at  the  time  of  the  grant  of  the  appro- 
priation. 

With  a  view  to  facilitate  the  construction  of  helices  of  large 
size,  a  machine  which  had  long  been  in  contemplation  was  made 
at  a  considerable  exi)ense.  7'he  work  was  done  at  the  Navy 
Yard  in  a  creditable  manner,  and  the  machine  performed  its  work 
well,  turning  out  entire  helices  of  copper  wire,  of  large  size,  from 
straight  bare.  But  before  I  had  proceeded  far,  a  discovery  was 
made  in  reference  to  the  helix,  which  rendered  the  machine  use^ 
less ;  for  the  present  at  least. 

A  number  of  large  helices  were  then  constructed  of  various 
sizes,  and  suitable  bars  of  soft  iron  prepared,  corresponding  to  the 
helices.  Hollow  and  solid  bars  were  prepared,  from  two  inches 
to  eight  inches  in  diameter,  and  generally  three  feet  in  length. 
Some  bars  of  four  and  five  feet  in  length  were  also  prepared.  The 
bars  were  all  worked  at  the  Navy  Yard,  and  at  a  considerable  ex- 
pense, as  they  were  required  to  be  of  homogeneous  metal,  accu- 
rately turned  and  bored. 

With  these  bars  and  helices,  a  multitude  of  experiments  were 
performed  and  recorded,  and  these  were  kept  up  day'after  day 
for  about  two  months.  My  official  duties  as  Elxaminer  in  the 
Patent  Office  left  me  only  the  evening  of  each  day  for  operation  ; 
and,  under  such  circumstances,  you  will  readily  appreciate  the 
difficulties  and  disadvantages  under  which  I  have  labored.  My 
own  zeal  has  led  me  beyond  my  strength ;  but  I  have  been  richly 
rewarded  by  the  most  flattering  results. 
Saooin)  SEBOEi,  YoL  X,  No.  SO.->-NoTn  136a  44 
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Thd  experiments  here  were  not  such  as  eanld  be  perfonned 
upon  the  laboratory  table ;  but  were  with  large  matees  of  iroOy 
weighing  in  some  cases  three  hundred  pounds^  and  helices  some- 
times twice  that  weight. 

Adhering  to  the  same  size  of  battery  through  a  long  series  of 
Mperiments,  and  varying  the  coils  and  bars,  I  found,  to  my  great 
gratification,  that  as  I  increased  the  dimensions  of  each,  a  corres^ 
ponding  increase  of  power  was  exhibited,  and  the  consumption 
of  material,  or  cost  of'  the  power,  in  some  proportion  diminished. 
These  results  were  encouraging  and  stimulating  in  the  highest 
degree,  and  fully  justified  the  undertaking  at  once  of  an  engine 
upon  a  much  larger  scale  than  any  hitherto  tried. 

This  engine,  the  frame-work  of  which  was  principally  built 
at  the  Nary  Yard,  was  ail  upright  engine  of  two  feet  stroke ;  and 
in  order  to  have  facilities  for  comparative  trials  and  experiments, 
it  was  necessary  that  a  double  engine  should  be  made,  the  two 
parts  exactly  corresponding.  Two  bars  df  soft  iron,  six  inches 
diameter  and  three  feet  in  length,  were  the  prime  movers,  and 
these  were  balanced  by  means  of  connecting  rods  and  cranks 
upon  a  fly-wheel  shaft.  The  balance  wheel  and  shaft  together 
weighed  six  hundred  pounds.  When  this  engine  was  first  tried, 
with  the  same  battery  which  had  before  given  me  one-fifth  of  a 
horse  power,  with  a  smaller  engine,  it  produced  only  one-third  of 
a  horse  power.  By  careful  attention  to  the  adjttstments,  and  par- 
ticularly to  the  cut-off,  which  was  a  very  different  thing  now 
from  what  it  had  been  in  smaller  engines,  the  engine  soon  yielded 
one  horse  power.  Here  was  a  gain  of  eighty  per  cent  as  roeas- 
nred  merely  by  the  size  of  the  battery.  Btit  it  was  much  more ; 
for  the  cost  was  found  to  be  less  for  one  horse  power  than  it  had 
been  before  for  one-fifth  of  a  horse  power,  in  a  smaller  engine ; 
how  much  less  has  not  yet  been  ascertained* 

A  great  variety  of  experiments  were  continued  with  this  engine, 
to  be  hereafter  detailed,  each  having  a  definite  object ;  and,  I 
am  happy  to  say,  each  resulting  advantageously,  so  that  finally, 
by  little  daily  increments,  I  obtained  from  this  engine,  by  a  tri- 
fling addition  of  battery,  a  full  two  horse  power. 

By  way  of  giving  a  practical  character  to  the  engine,  it  was 
geared  to  a  circular  saw  ten  inches  diameter,  the  turning-lathe 
and  grindstone  of  the  workshop,  all  of  which  it  worked  simulta- 
neously, as  witnessed  by  a  number  of  visitors,  and,  if  I  mistake 
nol,  by  your  predecessor  in  oflke,  in  company  with  Lieut.  Maury, 
of  the  National  Observatory. 

After  many  satisfactory  trials  with  this  engine,  it  was  taken 
down,  and  all  its  available  parts  used  in  the  construction  of  the 
single  horizontal  engine  which  I  had  the  honor  lately  to  exhibit 
berore  the  Smithsonian  Institution.  This  change  was  made  for 
the  purpose  of  dispensing  with  the  dead  weight  of  one  of  the 
driving  bars,  and  more  particularly  for  introducing  the  important 
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feature  of  keeping  up  the  magnetism  of  the  driving  bar.  As 
soon  as  this  new  form  was  completed  and  tried,  a  gain  of  one-half 
horse  power  was  at  once  realized,  and  by  the  addition  of  a  few 
more  feet  of  battery  surface,  the  power  was  found  to  be  abov^ 
four-horse.  Further  addition  of  battery  would  still  augment  tho 
power,  and  I  see  no  reason  why  ten  horse  power  might  not  bt 
obtained  from  this  engine,  by  the  addition  of  more  battery;  but 
whether  it  would  be  economical  to  increase  power  by  this  mean« 
alone,  and  to  ascertain  the  point,  for  this  and  every  other  engine, 
beyond  which  economy  would  cease  by  increasing  the  battery 
alone,  are  matters  to  be  determined  by  experiment. 

The  next  most  important  point  to  be  determined  was  the  ex- 
pense of  this  power.  Much  to  my  own  surprise  and  gratification, 
the  expense  was  found  to  be  less  than  the  most  expensive  steam 
engines,  although  recently,  in  Europe,  it  has  been  decided  by  ex- 
perimenters and  men  of  science,  and  generally  conceded,  that  it 
was  fifty  times  the  cost  of  the  dearest  steam  engines ;  but  this  is 
no  obstacle  to  its  introduction,  considering  its  immense  advanta- 
ges in  other  respects.  Moreover,  if  thus  much  has  been  done  in 
the  very  inception  of  this  undertaking,  what  may  we  reasonably 
expect  from  its  further  prosecution  ?• 

Before  it  can  be  rendered  available  in  practice,  much  remains 
to  be  done  with  the  galvanic  battery,  to  render  its  action  regular 
and  durable,  and  in  other  ways  to  establish  a  certairity  of  action, 
so  that  the  engines  may  be  managed  by  persons  not  thoroughly 
skilled  in  the  subjects  of  electricity  and  magnetism. 

It  remains  yet  also  to  be  proved  whether  the  power  will  in- 
crease in  proportion  to  the  size  of  the  engines.  This  principle 
seems  to  be  strongly  indicated  by  past  experiments;  but  yet  it 
cannot  be  established  by  calculation  or  process  of  reasoning.  Ex- 
periment upon  an  extensive  scale  can  alone  determine  this  point. 
A  part  of  the  work  preparatory  to  building  a  locomotive  engine 
has  been  done ;  but  it  seems  necessary  to  try  further  experiments 
before  incurring  the  expense  of  another  large  engine  upon  the 
plan  above  mentioned.     The  rotary  form  of  the  engine  has  not 

♦  Prof.  Page,  as  mentioned  in  our  last  number,  stated  in  his  remarks  before  i3b% 
American  Association,  that  one  horse  power  for  twenty-four  hours,  would  cost  about 
20  cents.  Prof.  W.  R.  Johnson  observed  that  his  estimate  was  based  upon  too  hi^ 
a  cost  for  the  2dnc  and  that  10  cents  would  be  a  nearer  estimate.  In  either  case,  a 
Tery  great  advance  is  made  upon  all  previous  experiments. 

Prof.  Page  also  observed,  that  the  cost  of  electro-magnetic  power  was  not  to  be 
reckoned  in  this  comparison  by  the  mere  cost  of  zinc,  nor  the  cost  of  steam  by  the 
pounds  of  coal  consumed.  The  cost  of  human  life,  the  sacrifice  of  miltions  of  prop- 
erty, and  risk  of  many  millions  more,  and  all  the  contingent  advantages  and  aisad- 
vantages  were  to  taken  into  account 

With  regard  to  his  mode  of  measuring  the  power  of  the  ^i^P^^^  Pro£  Page  ex- 

Slained  as  follows  after  drawing  a  diaenun  of  the  fly-wheel  l^e  brake  was  loaded 
)  620  lbs.  The  power  required  to  barely  keep  tne  engine  in  motion  under  this 
load  was  186  lbs.  The  fullpower  being  on,  the  engine  made  eighty  revoluttons  per 
minute  under  thia  load.  Ilie  drcumferenee  of  the  wheel  being  about  four  fiset^  H 
was  easy  fornj  one  W  oompofte  the  horse  power  from  theee  dsta. 
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yet  been  tested,  although  it  possesses  advantages  not  to  be  foond 
in  any  form  of  the  reciprocating  engine.  There  are  some  ob- 
vious disadvantages  attending  its  construction ;  but  it  is  hoped 
that  they  wilt  be  outweighed,  more  es|)ecially  as  this  form  of  the 
engine  will  occupy  less  than  one-half  the  room  required  for  the 
reciprocating  form.* 

It  would  seem  very  desirable  that  the  investigation  thus  began, 
and  so  far  successfully  conducted,  should  be  carried  at  least  be- 
yond an  uncertain  issue^  and  that  every  important  point  shonid 
be  settled,  and  particularly  that  of  its  availability  on  an  extensive 
scale.  The  power  is  peculiarly  fitted  for  purposes  of  navigation^ 
if  it  can  be  made  subservient ;  and  a  trial  upon  a  scale  of  one 

*  The  following  notice  of  Prol  Page's  ezperiinentB  is  from  the  Duky  Natioiail  In- 

teri^encor  pf  September  11. 

Since  tUe  first  announcement  by  Prof.  Page  of  the  results  of  his  (fiscoTcries,  I 
have  Bcen  in  several  public  journals  accounts  of  ioyentioD«  for  the  same  purpoflc,  by 
other  persons,  asd  in  most  of  them  claims  to  novelty  and  great  mperiority.  I  had 
some  curiosity  to  refer  to  Professor  P.  an  article  of  this  kind,  from  a  late  number  of 
the  St.  Louis  Republican,  in  which  it  was  stated  that  Mr.  Bland,  of  that  dtj,  had  a 
new  invention,  "  far  in  advance,"  as  was  shown  by  calculation,  "  of  that  adopted  \jf 
Professor  Page."  On  mabing  the  reierence,  my  attention  was  called  to  an  article  m 
the  36th  volume  of  Silliman's  Journal,  page  352,  published  in  1839,  in  which  Profes- 
sor Pii<rc  had  explained  and  figiured  an  electro-magnetic  engine,  exactly  like  Mr. 
Bljind's?,  and  which  plan,  I  was  informed,  was  abandoned  more  than  ten  years  aga 

The  fact  i*,  Dr.  Page's  method  is  peculiar  and  entirely  new,  and  distinct  from  eveiy 
other  hitherto  tried ;  and  therein  lies  the  source  of  his  suocess.  Instead  of  g«»ng 
.upon  beaten  tnicks,  which,  though  seemingly  fair,  he  was  persuaded  would  not  rea(£ 
the  desired  end,  he  marked  out  an  entirely  new  one.  One  great  difference  between 
his  and  other  plan^,  as  I  understand  it  to  be,  is  this :  In  all  former  electro-nugnetie 
machines,  the  power  is  made  up  of  a  series  of  impulses,  while  in  this,  which  he  aCyles 
an  axial  machine,  or  engine,  the  power  is  uniform  and  continuous ;  and  it  is  just  as 
ea^y  t*)  make  a  reciprocating  engme  of  twenty-four  feet  stroke  as  one  of  two  feet, 
like  that  already  oon-^tructed  and  recently  exhibited. 

I  saw  at  the  laboratory  of  Dr.  Page,  a  rotary  axial  enaine,  whidi  he  thinks  may. 
in  many  coses,  supersede  tJie  reciprocating.  It  is  really  a  curious  maichine ;  and 
looking  at  this,  and  all  his  wonderful  results,  it  appears  as  if  we  had  just  entered 
upon  a  new  era  in  science  and  art,  promising  revolutions  in  social  life  and  bosines 
pursuits  as  miraculous  to  the  people  of  the  day  as  have  been  those  effected  by  the 
steam  engine  and  the  magnetic  telegraplL     ♦     ♦     ♦ 

In  order  to  pIiow  that  there  was  something  h*ke  power,  he  loaded  down  the  engine, 
placed  the  crank  at  half  stroke,  and  then  a  hook  over  the  end  of  the  crank,  to  which 
hook  was  attached  a  long  rope.  Three  of  the  strongest  men  of  the  party  then  took 
hold  of  the  rope,  two  of  them  having  their  feet  braced.  The  three  men  oould  ooi 
start  the  engine  a  hair's  breadth.  Four  of  the  men  then  took  hold,  and  they  moved 
^he  crank  two  inches,  where  it  stuck  fast  The  power  was  ihea  let  on,  and  the  en- 
gine started,  and  made  a  speed  of  ninety  revolutions  in  a  minute.  By  taking  off 
fourteen  pounds  from  the  end  of  his  friction  brake  the  engine  made  one  hundred 
and  ten  revolutioas  per  minute.  Professor  Page  stated  Uiat  this  was  not  testing  the 
power  of  the  engine,  but  it  showed  tMt  what  four  men  could  but  just  move  throo^ 
two  inches,  the  engine  carried  through  one-fifth  of  a  mile,  and  ths^  too,  in  one  mio- 
nte.  Understand  that,  frona  the  change  in  the  poeit^oQ  of  ihe  brank,  the  power  of 
four  men  could  go  no  further  than  the  two  inches;. 

Professor  Page  expects  to  make  a  (irial  upon  a  ^'^ilroad  soop.  He  has  sufficient 
power  now  to  make  a  dgmonstration ;  but  is  not  satisfied  with  it.  He  would  be 
glad  to  make  the  first  trip  with  fifteen  to  twenty  horse  power.  It  is,  howevei; 
m  navigation  that  he  expects  the  greatest  benefits  from  this  invention,  and  I 
fvould  like  to  see  the  project  carried  out  of  an  engine  aad  magnetio  boat  [not  iCmm 
ho9X\  of  one  huA4red  Wse  power.    Thie  yo)il4  settle  tbe  ^vostioq,  ih4  oiahle  tht 
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hundred  horse  power  seems  to  be  the  only  mode  of  arriving  at  a 
definite  conclusion  upon  this  point.  It  is  obvious  that,  prelimi- 
nary to  such  an  undertaking,  a  great  many  experiments  will  be 
absolutely  necessary;  and  such  only  as  one  quite  familiar  with 
the  difficulties  of  entering  upon  an  entirely  new  field  of  opera- 
tion can  properly  appreciate. 


Art.  XXXII. — 8ing%dar  property^  and  extraordinary  size  and 
length  of  the  Secondary  Spark;  by  Prof.  Chas.  G.  Page,  M.D., 
Washington,  D.  C. 

In  experimenting  with  my  great  magnet  a  new  property  of  the 
secondary  spark  has  been  discovered  and  some  very  interesting 
facts  elicited.  I  will  premise  that  the  helix  nearly  a  foot  in  diame- 
ter each  way,  when  charged  by  the  battery,  draws  up  within  it 
in  a  vertical  position  a  huge  bar  of  iron  weighing  SCK)  pounds, 
through  a  distance  of  ten  inches,  presenting  by  far  the  most  power- 
ful magnet  ever  known.  When  the  circuit  with  the  helix  is  sud- 
denly broken  a  secondary  spark  is  produced,  eight  inches  in  length. 

The  most  interesting  feature  of  this  spark  is  the  modification 
of  its  form  and  sound  by  the  action  of  magnetism.  When  the 
spark  is  produced  at  a  distance  from  the  magnet,  it  is  readily  elon- 
gated to  six  or  eight  inches,  and  I  presume  might  be  obtained  a 
foot  or  more  in  length  if  the  wires  were  separated  with  the  velocity 
of  a  cannon  ball,  as  suggested  by  my  friend,  Mr.  Lane.  In  this  case 
there  is  little  or  no  noise  made  by  the  spark,  but  as  the  spark  is 
produced  nearer  to  the  magnetic  pole  the  sound  increases  until 
at  last  when  close  to  the  pole  each  spark  makes  a  report  as  loud 
as  a  pistol.  The  spark  also  diminishes  in  length  and  is  spread 
out  as  large  as  the  palm  of  the  hand.  There  is  an  effect  here 
somewhat  analogous  to  that  produced  by  a  magnet  upon  the  arc 
of  flame  between  charcoal  points.  I  must  reserve  further  remarks 
for  another  number  of  the  American  Journal. 

Washington,  D.  0^  Aug.  27, 185a 

world  to  enter  upon  the  benefits  of  the  discovery,  or  satisfy  mankind  that  the  power 
cannot  be  made  available  for  "  locomotion  or  navisration  f  and  thus  arrest  the  fur- 
ther sacrifice  of  mind  and  means,  in  endeavors  to  find  that  which  (if  it  cannot  b« 
secured  by  the  present  plan)  does  not  probably  exist  A  point  has  been  arrived 
lit  in  this  investigation  which  indicates,  to  use  the  lan^^uoge  of  Professor  Page,  in 
his  late  report  sent  to  Congress,  the  importance  of  carrymg  the  thing  ''beyond  an  un- 
certain  issue."  I  have  no  doubt  of  the  applicability  woA  economy  (especially  if  w« 
count  the  risks  and  value  of  human  life)  of  this  power  ibr  the  purposes  oontempl»* 
ted  bv  Congress  in  providing  for  the  ez^riments ;  but  the  world  may  not  yet  be 
satisned,  and  many  experiments  have  still  to  be  made,  and  much  monev  expended 
before  the  inventioii  will  be  really  available.-  Fulton's  steamboat  would  bear  but  a 
sorry  comparison  with  those  of  modem  construction ;  yet  who  will  say  that  Fulton's 
limited  success  should  have  been  the  signal  for  suspending  all  efforts  to  use  steam 
as  a  propelling  power  for  ships,  or  that  to  his  zeal  and  intelligence  we  are  not  in- 
debted wt  the  introduictioa  of  what  we  now  enjoy  in  the  wi^  of  steam  navigation  t 

H. 
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Art.  XXXII [.—Om  Rutile  and  Chlorite  in  Quartz;  by  O.  P. 
HcTBBARD,  M.D.,  Prof.  Chem.,  Min.  and  GeoL,  Dart.  Coll.,  N.  H. 

From  the  Proceedings  of  the  American  Association  for  the  AdvaiicemeDt  of  Scieoce, 
New  Hayen,  1850. 

Specimens  of  rutile  in  quartz  have  for  twenty  years  past,  been 
found  in  boulders  in  several  towns  in  the  vicinity  of  Dartmouth 
College,  none  of  which  have  ever  been  traced  to  their  sources. 
Localities  have  been  mentioned,  but  none  have  furnished  spe- 
cimens resembling  these  boulders,  excepting  a  single  one.  This 
locality  was  opened  two  years  since  at  Waterbury,  Vt.,  on  the 
Central  Railroad.  It  was  described  by  Mr.  Alger  in  the  Proceed- 
ings of  the  American  Association  for  1849,  and  also  in  the  pres- 
ent volume  of  this  Journal,  page  14. 

In  a  cut  of  sixty  feet  perpendicular  through  solid  talcose  slate, 
and  thirty  feet  from  the  surface,  a  vein  or  pocket  of  quartz 
was  met,  and  a  considerable  number  of  specimens  containing 
rutile  were  obtained.  The  locality  is  now  exhausted.  Prom 
its  position,  it  never  could  have  furnished  the  scattered  masses 
heretofore  known,  and  we  have  yet  to  discover  their  origin. 

Some  of  the  specimens  from  this  region  have  comparatively 
but  little  beauty ;  the  rutile  is  in  very  fine  capillary  crystals  of 
dark  color,  two  or  three  inches  in  length,  and  the  quartz  is  d* 
inferior  quality.  But  others  are  exceedingly  fine,  both  in  the  rich- 
ness of  the  quartz  and  the  abundant  long  needles  of  the  rutile. 

There  are  three  known  AmdHcan  specimens  of  a  remarkable 
character,  one  of  which  is  from  this  Waterbury  locality.  The  other 
two  were  found  as  boulders  and  are  even  of  superior  quality. 

One  of  these  has  been  in  the  Cabinet  of  Dr.  J.  R.  Chilton, 
New  York  City,  for  many  years,  and  is  reported  to  have  been 
found  in  Northern  New  England.  It  has  the  rutile  in  long  acicu- 
lar  crystals  and  one  series  of  prisms  united  into  a  crjrstal  a  quar- 
ter of  an  inch  wide. 

The  other  is  a  mass  in  the  writer's  cabinet,  described  by  Mr. 
Alger  as  "  the  finest  specimen  of  this  mineral  found  in  the  Uni- 
ted States."  It  was  picked  up  in  this  region  nearly  twenty  years 
ago,  but  in  what  town  is  not  known.  Specimens  from  Roches- 
ter and  Bethel,  Vt„  resemble  it  more  than  any  others. 

It  is  about  six  inches  long  and  three  inches  in  its  other  dimen- 
sions, being  of  irregular  shape,  and  only  a  fragment  of  a  larg^ 
mass.  Two  sides  have  been  cut  and  polished  by  the  lapida^, 
one  retains  its  polished  plane  boulder  surface,  and  the  remaining 
part  of  the  exterior  is  irregular,  presenting  a  conchoidal  fractured 
surface.  There  arc  indications  of  smooth  cleavage  faces  in  dif- 
ferent parts  inclined  to  each  other. 

The  quartz  in  mass  is  transparent  and  slightly  smoky — while 
the  slices  cut  off  are  almost  colorless,    It  is  questionable  whether 
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the  color  is  proper  to  the  quartz,  or  occasioned  by  the  reflection 
from  the  rutile  crystals.  Mr.  Alger  finds  almost  no  rutile  in  the 
white  quartz  crystals  from  Waterbnry,  '^  while  the  colored  varieties 
abound  with  it,"  and  probably,  he  suggests,  owe  their  color  to  it. 

The  rutile  crystals  are  from  the  size  of  the  finest  hair  and  al- 
most invisible,  up  to  a  twelfth  of  an  inch  in  diameter  and  five 
inches  long;  they  are  uniformly  distributed  through  the  quartz, 
and  intersect  and  cross  each  other  in  all  directions.  There  is  no 
radiation  from  a  centre,  but  in  many  instances  the  crystals  have 
one  or  more  large  graceful  curves,  and  sometimes  two  in  opposite 
directions,  and  some  are  bent  at  an  angle  either  right  or  oblique. 
Many  are  broken  at  the  surface  of  the  quartz,  while  others  are 
wholly  included  in  it,  terminating  in  a  single  plane  or  tapering 
to  a  point. 

They  are  all  of  a  uniform  bright  reddish  brown  color,  and  of 
the  lustre  of  polished  copper.  Where  the  ends  are  seen  on  the 
polished  faces  they  have  the  color  and  lustre  of  polished  steel. 

In  numerous  cases  the  surface  of  the  crystals  is  covered  here 
and  there  with  a  brilliant,  silver  white  mineral,  sometimes  limited 
to  the  lateral  edges,  and  again  investing  parts  of  the  prism  at  in- 
tervals, or  with  frequent  interruptions,  giving  it  the  appearance  of 
being  made  up  of  numerous  short  white  and  brown  prisms,  the 
form  remaining  unchanged.  In  some  cases  this  mineral  occurs 
Hke  a  thin  disk,  through  the  centre  of  which  the  rutile  appears 
to  penetrate.  I  have  not  been  able  to  determine  with  certiainty 
the  nature  of  this  mineral,  and  can  only  conjecture  that  it  is  the 
same  with  the  curved  crystals  described  below. 

In  the  writer's  specimen,  as  in  those  described  by  Mr.  Alger,  there 
are  numerous  vermiform,  tortuous  and  convoluted  crystals.  By 
transmitted  light,  they  are  sometimes  of  the  color  of  copper,  though 
faintly  so,  or  of  a  bronze  yellow,  or  of  greenish  and  yellow  shades 
or  even  very  dark,  and  by  direct  light  they  are  almost  black.  These 
crystals  are  regular  hexagonal  prisms,  transversely  finely  striated, 


and  appear  to  be  made  up  of  thin  plates  of  slightly  varying  size, 
giving  the  crystals  a  varying  diameter.  They  occur  either  singly 
or  in  groups  of  several  laterally  joined,  and  united  in  all  their 
convolutions,  and  having  a  single  terminal  plane,  highly  lustrous, 
which  often  presents  a  silver  white  color.     The  above  figures,  en- 
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larged  views  of  t^o  of  them,  give  a  perfect  idea  of  the  originals^ 
the  prismatic  form  of  which  is  obvious  to  the  eye  and  perfectly 
distinct  with  a  glass.  If  we  judge  from  the  figures  in  Mr.  Alger'9 
paper  in  this  volume,  (p.  14,)  the  prismatic  character  of  his  crjrs' 
tals  is  much  less  striking. 

Mr.  Alger  has  described  the  mineral  in  his  specimens,  aa  tnica^ 
I  have  been  able  to  obtain  only  a  very  small  portion  of  the  min* 
eral  from  one  or  two  protruding  curves  on  my  specimen.  It 
readily  cleaves  parallel  to  the  terminal  plane,  is  apparently  softer 
than  mica,  and  is  easily  reduced  by  the  pressure  of  a  knife  on 
white  paper,  into  a  fine,  coherent  powder,  of  a  greenish  tint.  It 
has  no  elasticity,  and  before  the  blowpipe  gives  off  an  abundance 
of  water.  From  these  decided  characters,  and  the  rarity  of  such 
an  association  of  mica,  and  the  quite  frequent  one  of  chlorite  and 
quartz,  it  seems  altogether  probable  that  this  mineral  is  chlorite. 

If  these  several  minerals  were  at  one  time  in  solution  in  the 
fluid  quartz,  they  must  have  crystallized  previous  to  it  The  rutile 
prisms  are  so  straight  or  so  gracefully  curved  and  bent,  that  they 
would  seem  to  have  experienced  but  slight  resistance.  They  in« 
tersect  and  cross  each  other,  and  pass  through  the  loops  in  the 
chlorite  crystals  or  touch  them  on  the  outside,  and  they  probably 
crystallized  first.  Around  most  of  these  convolutions  of  chlorite 
there  is  a  bnrr«  or  a  minute  spot  of  imperfectly  radiating  fractures, 
occasionally  iridescent,  which  suggests  that  they  were  formed 
before  the  solidification  of  the  quartz,  and  that  they  had  occa- 
sioned some  pressure  or  disturbance  and  a  slight  fracture.  But  as 
the  chlorite  uniformly,  and  the  rutile  in  very  many  cases,  must 
have  been  without  any  attachment,  the  density  of  the  fluid 
quartz  to  have  sustained  them  was  probably  great. 

On  removal  of  the  rutile  and  chlorite  from  the  gangue  the 
vertical  strias  of  the  former  and  the  transverse  strias  of  the  latter 
are  found  figured  on  the  quartz,  making  it  certain  that  the  latter 
was  last  solidified. 

There  must  be  somewhere  in  this  region  north,  a  rich  deposit, 
for  which  mineralogists  will  earnestly  seek,  until  it  is  found  and 
its  treasures  are  transferred  to  their  cabinets. 


Art.  XXXIV. — Occurrence  of  Crystallized  Oxyd  of  Chronuum 
in  furtmces  for  the  manufacture  of  Chromate  of  Potash  ;  by 
W.  P.  Blake. 

Read   before  the  American  Association  for  the   Advancement  of  Science,  New 
Haven,  August,  1850. 

CairsTALs  of  the  sesqnioxyd  of  chromium  have  been  obtained 
in  small  quantities  by  Wohler,  by  passing  the  vapor  of  chloro- 
chromic  acid  through  a  tube  heated  to  redness. 
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The  crystals  which  I  have  examined  with  the  following  re^ 
suits,  were  obtained  from  a  furnace  Which  had  been  long  in  ope- 
ration for  the  production  of  chromate  of  potassa  from  the  mineral 
chromic  iron*  A  portion  of  the  furnace  having  been  taken  down 
for  repairs,  I  found  small  but  exceedingly  brilhant  crystals  lining 
the  cracks  and  fissures  between  the  fire  bricks  and  disseminated 
throughout  their  substance.  They  resembled  crystals  of  specular 
iron,  but  a  blowpipe  examination  and  qualitative  analysis  proved 
them  to  be  the  sesquioxyd  of  chromium. 

The  crystals  are  of  the  hexagonal  system,  and  are  flat  6  or 
12-sided  tables  or  scales,  one  of  which  is  represented  in  the  an- 
nexed figure.  The  breadth  of  the  largest  is  IJ  lines,  but  they 
are  seldom  over  a  line  broad,  and  usually  much  smaller.     la 


some  ef  the  specimens  the  crystals  are  grouped  in  rosettes  of 
great  beauty.  The  following  angles  were  obtained  with  the 
reflective  goniometer  j 

R  :  a  =121°  55'  (mean  of  14  measurements.) 

R  :  aj=96°  45'  (mean  of  6  measurements.) 
a  :  aissl41°  38'  24''  (mean  of  5  measurements.) 

Calculating  from  a :  R,  the  angle  a :  a^  ^  14L°  15',  aind  R  :  ai 
s=?%°  60' ;  and  as  the  plane  a^  is  exceedingly  small,  this  result  is 
more  probably  correct  than  that  given  above  from  measurement. 

The  angle  a:  R  gives  for  the  angle  of  the  rhombohedron  85°  22', 
which  is  but  little  less  than  that  given  for  specular  iron.  The 
axis  ==1*39045.  The  crystal  according  to  Naumann's  notation 
has  the  descriptive  expression,  OR,  R,-  JR,  R^ . 

The  crystals  have  the  hardness  of  sapphire,  equal  to  9  on  the 
scale  of  Mohs.  Lustre  metallic.  Color  black ;  opaque  except  in 
thin  plates,  which  are  green  by  transmitted  tight.  The  powder 
of  the  crystals  is  dark  green. 

The  specimens  were  taken  from  and  between  the  bricks  which 
had  constituted  the  floor  of  the  furnace.  The  furnace  had  been 
in  operation  for  more  than  a  year,  and  kept  at  a  temperature 
above  redness.  As  it  needed  repairs,  the  fires  were  drawn,  it 
was  allowed  to  cool  undisturbed  for  ten  days,  and  when  the 
bricks  were  taken  out  they  were  still  too  hot  to  be  taken  in  the 
hand. 

The  mass  of  the  bricks  and  the  portions  on  which  the  sesqui- 
oxyd has  crystallised,  is  charged  with  soluble  yellow  chromate  of 
potash,  and  in  many  or  all  of  the  specimens  the  green  color  of 
the  uncrystallized  oxyd  can  be  seen. 
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My  frequent  daily  examinations  of  the  furnaces  in  operation 
made  me  familiar  with  the  condition  in  which  the  contents  were 
at  ditferent  times,  and  considering  the  facts  before  stated,  I  ac- 
count for  the  production  of  the  crystals  in  the  following  way. 

When  the  furnace,  newly  constructed  or  lined  with  fire-brick, 
is  fired  and  charged  with  alkali  and  chrome  ore,  macb  of  the 
fused  chromate  of  potash  formed,  is  absorbed  by  the  porous  bricks, 
and  I  observed  that  it  had  penetrated  through  three  or  four 
courses  of  bricks  and  mortar. 

After  the  furnace  has  been  long  in  operation  the  bricks  become 
saturated,  and  vitrified,  to  a  certain  depth;  and  the  floor  and 
sides  of  the  furnace  become  incrusted  with  a  vitreous  coating, 
which  is  constantly  increasing.  The  parts  more  remote  from  the 
fire  are  consequently  better  protected  from  changes  and  variations 
of  temperature,  and  are  exempt  from  the  inroads  of  more  fused 
material. 

The  chromate  of  potash  is  thus  kept  for  a  long  time  at  a  uni- 
form high  tem[>erature,  and  gradually  losing  its  potash  from  vola- 
tilization, the  chromic  acid  (Cr)  in  combination  with  it  loses  oxy- 
gen, becomes  sesquioxyd  (^)  and  crystallizes. 


Art.  XXXV. — Memoir  on  Emmery ;  by  J.  Lawrence  Smith, 
M.D. — First  part — Chi  the  Geology  and  Mineralogy  of  Emery, 
from  observations  made  in  Asia  Minor. 

Read  before  the  Academy  of  Sciences  of  the  French  Institute,  July  16th,  1860, 
and  communicated  by  the  author  for  tliis  JoumaL 

Or  all  the  mineral  substances  employed  in  the  arts,  few  have 
offered  so  little  opportunity  for  geologicMBd  examination  as  emery, 
and  consequently  our  knowledge  of  it  iu  this  particular  is  very 
limited. 

Aware  of  the  importance  of  the  study  of  this  substance  in  situ, 
both  in  a  scientific  and  practical  point  of  view,  I  did  not  lose  the 
opportunity  afforded  by  my  late  position  under  the  Turkish  gov- 
ernment to  develop  certain  facts  that  came  under  my  notice  the 
latter  part  of  the  year  1846.  Prior  to  that  period,  emery  (which 
term  is  here  used  as  in  the  arts  to  express  that  mixed  granular 
corundum  employed  for  abrasion)  although  known  to  exist  in 
many  places  in  greater  or  less  abundance,  was  supplied  to  the 
arts  almost  entirely  from  the  island  of  Naxos  in  the  Grecian 
Archipelago ;  so  true  is  this,  that  the  proprietors  of  the  mines  in 
that  island  controlled  completely  the  price  of  this  mineral.  The 
emery  from  Naxos  frequently  went  under  the  name  of  Smyrna 
emery,  from  the  fact  of  its  coming  to  us  from  that  port,  where 
it  is  originally  carried  from  the  island  for  future  exportation* 
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Prior  to  1846,  the  existence  of  emery  was  not  remarked  in 
Asia  Minor  or  any  of  the  contiguous  islands  except  that  of  Samos, 
which  fact  is  alluded  to  in  Tournefort's  travels  in  the  seventeenth 
century.  In  the  latter  part  of  1846,  I  arrived  in  Smyrna,  and 
was  shown  specimens  which  I  recognized  as  emery  that  came 
from  a  place  ahout  twenty  miles  north  of  Smyrna;  they  had 
been  first  discovered  through  the  agency  of  a  knife  grinder  of  the 
country,  who  had  been  in  the  habit  of  using  it  to  charge  his 
wheels  with.  The  importance  of  this  circumstance  to  the  Turk- 
ish government  as  well  as  to  the  arts  (emery  being  at  that  time 
sold  at  a  most  exhorbitant  price)  induced  me  to  return  to  Smyrna 
in  the  early  part  of  1847,  for  the  purpose  of  examining  the  sup- 
posed locality  of  this  mineral.  On  this  second  visit  other  local- 
ities were  made  know  to  me  that  an  English  merchant  by  the 
name  of  Healy  had  succeeded  in  bringing  to  light. 

The  first  locality  towards  which  I  directed  my  examination 
was  that  of  Gumuch-daf^h^  a  mountain  about  twelve  miles  east 
of  the  ruins  of  Ephesus,  Before,  however,  arriving  there,  I 
discovered  this  mineral  imbedded  in  a  calcareous  rock  in  a  valley 
twenty  miles  south  of  Smyrna,  called  Allahman-Bourgs  ;  the 
position  not  being  very  favorable  for  the  study  of  the  geology  of 
this  substance,  my  route  was  continued  to  the  place  originally 
fixed  upon.  Obtaining  guides  at  the  village  of  Gumuch,  I  com- 
menced the  examination  of  the  mountain,  which  is  composed  of 
bluish  marble  resting  on  mica  slate  and  gneiss.  On  the  very 
summit  of  the  mountain,  the  emery  was  found  scattered  about 
and  projecting  above  the  surface  of  the  soil.  After  examining 
the  extent  of  the  formation  and  satisfying  myself  that  it  was  there 
in  sitUf  I  returned  to  Constantinople,  and  made  a  report  to  the 
Ottoman  government.  Although  I  gave  no  notice  to  the  scien- 
tific world  of  the  result  of  my  examination,  the  editor  of  the 
Journal  de  Constantinople  inserted  a  small  note  in  his  journal  in 
May,  1847,  to  the  following  effect — 

"  It  is  some  time  since  M.  Lawrence  Smith,  American  Miner- 
alogist, discovered  at  Magnesia  near  to  Gumuch-Kuey  an  emery 
mine,  of  which  he  brought  specimens  to  Constantinople.  The 
government  have  sent  to  the  place  a  commission  composed  of 
M.  Smith  and  some  of  the  officers  of  the  imperial  powder  works, 
to  examine  thoroughly  into  the  importance  of  this  mine,  and  ac- 
cording to  the  report  that  will  be  made  the  government  will  de- 
cide on  the  steps  to  be  taken  with  reference  to  it,  &c." 

This  circumstance,  unimportant  in  itself,  has  subsequently  be- 
come of  great  value  to  secure  to  me  the  priority  of  the  discovery 
and  examination  of  emery  in  situ  in  Asia  Minor  ;*  and  also  to 
show  that  I  have  been  instrumental  in  the  development  which  has 

*  See  Am.  Jour.  ScL,  2nd  ser.,  toL  rii,  288. 
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been  subsequently  giren  to  this  emery  in  a  commercial  point  of 
view.  Since  the  first  discovery  other  localities  have  been  aacer- 
tained  by  me,  all  of  which  will  be  alluded  to  in  this  memoir. 

Localities  of  Emery  in  Asia  Minor  and  the  neighboring  islands. 

Oumuch'dagh. — In  going  from  Ephesus  east  to  ChuzelrHissar 
(the  ancient  Tralles)  we  pass  by  the  ruins  of  the  ancient  city  of 
Magnes  on  the  Miandre  and  near  to  this  latter  is  a  beautiful  valley, 
celebrated  for  its  figs,  in  which  is  situated  the  village  of  Crumuch 
at  the  foot  of  a  mountain  bearing  the  same  name.  It  was  here 
that  the  emery  formation  was  first  examined.  All  the  rocks  of 
the  surrounding  country  appear  to  belong  to  the  old  aeries;  the 
limestone  is  entirely  devoid  of  fossils  and  metamorphic  in  its 
character ;  it  rests  on  the  older  schists  of  which  mica  schist  ap- 
pears the  most  abundant,  and  this  again  farther  to  the  north  was 
traced  in  contact  with  gneiss.  The  limestone  is  of  a  light  blue 
passing  into  a  coarse  grained  marble  ;  and  on  the  south  side,  the 
rock  by  its  decay  leaves  in  many  places  precipices  of  considera- 
ble elevation,  that  add  much  to  the  picturesque  appearance  of  the 
region. 

The  emery  is  found  in  diflerent  places  in  the  Cfumuch  moun- 
tain ;  the  place,  however,  to  which  it  is  traced  in  greatest  abun- 
dance, is  on  a  part  of  the  summit  about  three  miles  from  the 
village  of  Gumuch,  and  some  fifteen  hundred  or  two  thousand 
feel  above  the  level  of  the  valley ;  it  overlooks  the  magnificent 
plain  of  the  Miandre,  whose  curiously  tortuous  course  is  seen  as 
if  traced  on  a  map.  The  emery  lies  scattered  on  the  surface  in 
the  greatest  profusion,  in  angular  fragments  of  a  dark  color,  and 
large  masses  of  several  tons  weight  are  seen  projecting  above  the 
surface ;  in  penetrating  the  soil,  the  emery  is  found  imbedded  in 
it  and  a  little  farther  down  it  is  come  to  in  the  rock.  In  fact  by 
breaking  the  marble  that  projects  above  the  surface  at  this  spot 
we  are  sure  to  find  nodules  of  the  mineral. 

Sometimes  the  emery  forms  almost  a  solid  mass  several  yards 
in  length  and  breadth.  One  of  these  places,  opened  for  the  pur- 
pose of  exploring,  is  about  ten  or  twelve  yards  square  and  all  the 
rock  taken  out  is  emery ;  the  spaces  between  the  blocks  are  filled 
with  an  earth  highly  charged  with  oxyd  of  iron.  In  some  places 
the  masses  are  consolidated  by  carbonate  of  lime  of  infiltration, 
which  must  not  be  confounded  with  the  emery  in  its  original 
gangae  (the  marble)  in  which  it  is  found  in  nodules  sonoetimes 
round  and  at  other  times  fissured  so  as  to  represent  angular  frag- 
ments. In  no  place  does  it  present  anything  like  a  vein,  nor  has 
it  signs  of  stratification.  The  largest  mass  at  this  locality  that 
I  saw  unbroken  must  weigh  from  thirty  to  forty  tons. 

Attached  to  this  mineral,  more  especially  in  the  fissures  and  on 
the  surface,  are  several  minerals  that  will  be  alluded  to  hereafter. 
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Kulah. — ^This  locality  of  emery  is  the  second  in  importance  in, 
Asia  MincMT,  it  is  a  town  situated  about  a  hundred  and  fifty  miles 
from  Chimuch  and  twenty  miles  from  the  ancient  city  of  Phila- 
delphia (one  of  the  seven  churches).  It  is  near  the  river  Hermes, 
and  on  that  interesting  volcante  district  of  Asia  called^  Co^ocecai^' 
mene  or  the  burnt  country,  resembling  in  many  respects  the  vol- 
canic region  of  Auvergne.  The  rocks  forming  the  base  of  this 
region  are  of  the  older  metamorphic  series,  covered  to  a  greater 
or  less  depth  by  lava  of  different  volcanic  periods,  which  has 
flowed  from  the  numerous  craters  that  form  the  prominent  feature 
of  this  region.  The  most  common  rocks  in  the  mountain  ranges 
about  Kulah  are  white  granular  limestone,  mica  slate,  hornblende 
schist,  gneiss  and  granite ;  the  last  four  are  seen  more  conspicu- 
ously in  the  mountain  two  or  three  miles  to  the  south,  which 
have  not  been  subjected  to  volcanic  action  ]  the  limestone  over- 
lies these  rocks. 

Before  arriving  at  the  place  where  I  examined  the  emery,  (about 
two  miles  to  the  northeast  of  Kulah,)  an  outcropping  of  gneiss 
was  seen  and  subjected  to  the  closest  scrutiny,  without  discover- 
ing the  slightest  trace  of  corundum  ;  and  I  will  here  remark  that 
although  I  have  found  several  thin  layers  of  mica  schist  engaged  in 
the  marble,  in  no  instance  was  there  any  trace  of  corundum  in  it 

The  marble  in  this  region  is  very  compact,  of  great  hardness 
and  I  may  also  add  of  great  purity.  I  cannot  say  whether  this 
hardness  is  traceable  to  a  greater  depth  than  that  to  which  it  has 
felt  the  influence  of  the  superimposed  lava.  Here  again  the  em- 
ery was  found  on  the  surface,  but  not  in  such  abundance  as  at 
Cfumuch'dagh,  and  moreover  the  soil  is  not  as  deep  as  in  the 
latter  place.  The  emery  as  seen  in  the  marble  at  Kulah  is  ca- 
pable of  being  studied  with  the  greatest  satisfaction,  particularly 
as  two  or  three  places  in  the  rock  have  been  quarried. 

Adula, — ^Not  far  from  this  town  which  is  about  twelve  or  fif- 
teen miles  east  of  Kulah,  I  have  also  discovered  emery,  only, 
however,  in  very  small  quantity. 

Manser. — ^About  twenty-four  miles  north  of  Smyrna,  emery  is 
found  in  small  quantity  in  the  soil.  In  this  as  well  as  in  the 
former  place,  white  granular  limestone  is  found. 

Island  of  Ntcaria,  Orecian  Archipelago, — I  have  also  been 
able  to  examine  thoroughly  the  emery  of  this  island,  which  prom- 
ises to  be  of  importance  to  the  arts.  It  is  only  within  about 
twelve  months  that  it  has  been  brought  to  light.  The  mineral 
of  this  locality  presents  some  peculiar  features  which  will  be 
alluded  to  hereafter.  The  geology  is  the  same  as  that  of  the 
other  localities  already  alluded  to,  namely,  when  found  in  contact 
with  the  rock  it  is  alwa3rs  with  limestone. 

Island  of  Samos. — ^'rhis  locality  has  furnished  me  with  obly 
a  few  nodules  imbedded  in  the  soil  with  a  little  calcareous  rock 
attached  to  the  suriace. 
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Island  of  Naxos. — This  old  and  well  known  locality  is  here 
alluded  to,  simply  because  it  has  furnished  me  with  specinaens, 
the  ezamitiacioii  of  which  forms  a  part  of  this  memoir.  It  is 
found  in  large  blocks  mixed  with  a  red  soil  and  also  imbedded  in 
white  marble.  It  is  taken  principally  from  the  north  and  east  side 
of  the  islatld — the  best  comes  from  Vothrie,  nine  miles  from  the 
shore,  and  is  embarked  at  SuUonos,  Another  good  locality  is  at 
ApperanlhoSj  seven  miles  from  the  shore,  and  it  is  embarked  at  a 
small  port  called  Moutzona.  In  the  south  of  the  island  it  is  found 
near  Y<isso.  It  is  in  such  abundance  on  this  island,  that  notwith- 
standing the  immense  quantity  carried  off  it  is  not  yet  found 
necessary  to  quarry  it  from  the  rock. 

C^mclustons  with  reference  to  the  Geology  of  Emery. 

The  localities  at  Gumuch-dagh  and  Eulah  are  those  which 
afforded  me  the  best  means  of  studying  the  geology  of  emery, 
although  in  every  instance  I  have  found  it  associated  with  the 
old  limestone  overlying  mica  slate,  gneiss,  &c. 

It  is  imbedded  either  in  the  earth  that  covers  the  limestone  or 
in  the  rock  itself;  and  exists  in  masses  from  the  size  of  a  pea  to 
that  of  several  tons  weight,  generally  angular,  sometimes  round- 
ed, and  when  in  the  latter  form  they  do  not  appear  to  have  be- 
come so  by  attrition. 

The  masses  in  the  soil  possess  but  little  interest  for  the  geolo- 
gist, as  they  may  have  been  left  there  by  the  decomposition  of 
the  rock,  or  been  transported  from  other  positions ;  still,  the  latter 
is  difficult  of  supposition,  in  reference  to  what  is  found  at  Gu- 
mtAch-dagh^  for  here  it  is  only  on  the  summit  and  not  on  the  sides 
of  the  mountain  that  the  emery  has  been  traced.  But  having 
had  the  means  of  studying  the  emery  and  rock  in  contact,  I  have 
come  to  the  firm  conclusion,  that  the  emery  has  been  formed  and 
consoUdcUed  in  the  Umesione  in  which  it  is  found,  and  that  it  has 
not  been  detached  from  older  rocks  as  granite,  gneiss,  &c.,  and 
lodged  in  the  limestone  at  the  period  of  its  formation.  My  reasons 
for  so  thinking  are  the  following — 

1st.  In  no  instance  could  the  closest  investigation  of  the  older 
rocks  of  these  localities,  that  are  below  the  limestone,  furnish 
the  slightest  indication  of  the  existence  of  emery  there ;  and 
moreover  the  masses  of  emery  in  the  limestone  never  had  frag- 
ments of  another  rock  attached  to  them.  A  few  thin  layers  of 
mica  slate  were  found  in  the  limestone,  but  they  were  not  in  con- 
tact with  the  emery,  nor  contained  any  traces  of  corundum.  I 
dwell  thus  much  on  this  point,  because  in  my  specimens  the  cal- 
careous rock  in  connection  with  the  emery  is  under  two  forms; 
that  of  the  original  rock,  and  that  formed  by  the  infiltration  of 
calcareous  water  in  the  fissures  which  exist  near  the  suriSsu^ 
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2d.  The  limestone  immediately  in  contact  with  the  emery 
differs  almost  invariably  in  color  and  composition  from  the  mass 
of  the  rock ;  and  at  Kulah,  where  the  marble  forming  the  rock 
is  remarkably  pure  (as  evinced  by  analysis),  the  part  in  contact 
with  the  emery  is  of  a  dark  yellow  color  resembrmg  spathic  iron, 
and  contains  a  large  portion  of  alumina  and  oxyd  of  iron.  The 
thickness  of  this  interposing  coat  between  the  emery  and  the 
marble  is  variable ;  but  what  is  certain,  it  passes  gradually  into 
white  marble,  so  that  their  crystalline  structures  run  into  each 
other,  showing  that  they  are  one  and  the  same  rock.  Had  the 
masses  of  emery  been  broken  from  an  older  rock  and  imbedded  in 
the  marble  at  its  formation,  there  is  no  reason  why  the  contact 
should  not  always  be  direct  and  immediate  without  this  transition 
from  ferro-aluminous  limestone  to  pure  marble.  What  we  see  is 
just  what  should  be  expected  in  ferruginous  and  aluminous  min- 
erals forming  and  separating  themselves  from  a  limestone  not  yet 
consolidated. 

This  kind  of  separation  between  the  emery  and  the  marble 
has  been  highly  useful  in  the  facility  that  it  has  indirectly  afford- 
ed for  exploring  this  mineral.  It  has  been  stated  that  at  all 
the  localities  under  consideration,  but  principally  at  Gumuch  and 
Naxos,  the  emery  exists  in  great  abundance  detached  from  the 
rock  in  a  red  earth ;  now  this  earth  is  simply  the  result  of  the 
decomposition  of  this  heterogeneous  calcareous  envelope,  which 
from  its  nature  is  easy  of  disaggregation  by  the  influence  of  at- 
mospheric agents.  Had  the  emery  been  in  immediate  contact 
with  the  marble  we  could  hardly  have  expected  this  spontaneous 
separation  in  so  great  a  quantity. 

I  have  in  some  instances  seen  small  nodules  of  emery  in  small 
cavities  in  the  rock  but  perfectly  detached. 

3d.  The  immense  mass  alluded  to  as  covering  several  square 
yards  of  surface  is  another  evidence  of  the  emery  having  been 
formed  in  the  limestone ;  for  this  mass  does  not  consist  of  a  single 
piece,  but  of  a  number  of  different  sizes,  not  lying  together 
irregularly,  but  with  their  contiguous  surfaces  more  or  less  paral- 
lel, although  removed  a  little  distance  from  each  other;  m  fact,  it 
is  just  what  we  would  expect  in  a  large  mass  that  for  some  cause 
or  other  had  been  fissured  in  various  directions. 

4th.  Yet  another  circumstance  to  be  remarked  in  connection 
with  this  part  of  the  subject,  is,  thai  in  the  examination  of  the 
surface  of  contact  between  the  emery  and  the  rock,  we  do  not 
always  see  it  marked  by  a  distinct  outline ;  but  the  mrinerals  con- 
stituting the  emery  as  well  as  those  associated  with  it,  are  more 
or  less  disseminated  in  the  limestone  at  the  point  of  contact ;  the 
value  of  this  argmnent  is  better  understood  on  examining  the 
specimens  in  my  possession. 
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,  Enough  baiTing  been  said  to  prove  that  the  eamj  tmder  <9on- 
aideration  was  fornied  within  the  limestone  in  which  it  is  foand, 
I  will  allude  to  the  process  of  segregation  which  has  givoi  rise 
to  this  formation.  \ 

It  would  appear  that  the  substances  eliminated  from  the  calca- 
reous rock,  were  silica,  alumina,  and  oxyd  of  iron^  and  that  these 
three  in  the  exercise  of  homogeneous  and  chemicat  attractions 
have  given  rise  to  the  minerals  which  constitute  and  atre  associa- 
ted with  emery.  In  my  collection,  there  is  a  specimen  exhibit- 
ing this  fact  in  a  remarkable  manner.  It  is  a  nodule,  showkig 
emery  in  the  center,  with  two  concentric  layers,  the  inner  of 
chloritoid  and  the  outer  of  emeryHte ;  the  latter  was  in  contact 
with  the  limestone. 

Emery — ^mixture  of  corundum  (alumina  a  little  hydraCed)  and 
oxyd  of  iron. 

Chloritoid— «ilica  24,  alumina  40,  oxyd  of  iron  28,  water  7. 

Emerylite—    **     30,        "        60,  lime  13,  water  6. 

It  is  seen  that  in  commencing  from  the  external  surface,  in 
which  direction  we  must  regard  the  consolidation  of  the  nodule, 
that  the  larger  portion  of  silica  eliminated  has  Combined  with  a 
large  portion  of  alutnina  and  some  lime  to  form  a  peculiar  mineral ; 
next,  the  remainder  of  the  silica  combines  with  an  additional 
quantity  of  alumina  and  considerable  oxyd  of  iron  to  form  another 
mineral ;  and  finally  the  remaining  alumina  and  oxyd  of  iron 
crystallize  separately.  Facts  of  this  kind  in  geology  are  not  un- 
frequent,  but  they  are  always  highly  interesting  and  worthy  of 
remark. 

In  concluding  the  geological  considerations  of  emery  with  ref- 
etence  to  the  localities  in  Asia  Minor  and  the  neighboring  islands, 
I  would  remark,  that  at  some  future  time  when  the  observations 
become  extended,  it  will  doubtless  be  found  that  the  emery  forms 
the  geognostic  tnark  of  extensive  calcareous  formations  in  that 
part  of  the  world,  just  as  the  flints  do  in  the  chalk  of  Europe. 

Mineralogical  position  of  Emery. 

Emery  has  been  considered  by  some  as  cortmdimi,  others  sup- 
pose it  represented  by  some  rock  or  other,  not  always  the  same, 
in  which  corundum  is  disseminated  in  greater  or  less  quantity  ,* 
others  again  consider  it  a  mixture  of  corundum  and  oxyd  of  iron. 
1  am  of  opinion  that  the  latter  is  the  most  correct  manner  of  re* 
garding  this  substance. 

Emery  properly  speaking  is  not  a  simple  mineral,  but  a  me* 
chanical  mixture  of  granular  corundum  and  oxyd  of  iron  in  which 
the  former  usually  predominates.  It  has  not  the  aspect  of  comn* 
dum  disseminated  in  a  rock,  for  it  is  found  in  distinct  masses  of 
different  dimensions  and  of  great  hardness ;  and  when  broken 
giving  way  in  the  directions  of  fissures^  which  e:li8t  commonly 
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in  the  mass.  Most  frequently  there  is  no  other  evidence  of  the 
presence  of  corundum  in  emery  but  its  hardness.  The  oxyd  of 
iron  present  is  always  under  the  form  of  magnetic  oxyd  more  or 
less  mixed  with  oligiste ;  sometimes  it  is  titaniferous.  There  are 
other  minerals  associated  with  the  emery,  all  of  which  will  be 
described  hereafter. 

The  aspect  of  this  substance  differs  more  than  is  supposed,  for 
until  lately,  ihe  emery  brought  from  Naxos  has  been  the  criterion 
by  which  to  judge  others.  The  localities  that  I  have  discovered 
furnish  me  with  specimens  showing  considerable  difference  not 
only  as  regards  color  but  also  in  the  structure. 

The  Naxos  eTnery  is  of  a  dark  grey  with  a  mottled  surface, 
and  with  small  points  of  a  micaceous  mineral  disseminated  in  the 
mass.  It  frequently  contains  bluish  specks  or  streaks  which  are 
easily  recognized  as  being  pure  corundum. 

The  Gumuch-dagh  emery  is  commonly  of  a  fine  grain  and 
dark  blue  bordering  on  black,  not  unlike  certain  varieties  of  mag- 
netic iron  ores.  With  this  variety  we  frequently  find  pieces  of 
corundum  of  some  size.  The  interior  of  the  mass  is  tolerably 
free  from  the  micaceous  specks  found  in  that  of  Naxos. 

The  Kulah  em^ry  is  usually  coarse  grained,  and  much  darker 
than  that  of  Gumuch-dagh,  its  external  surface  resembling  some- 
times that  of  chromate  of  iron. 

The  Nicaria  emery  in  many  instances  presents  a  schistose  or 
lamellated  structure  to  a  very  remarkable  degree,  so  much  so  that 
certain  specimens  might  pass  for  gneiss.  The  color  is  dark  blue 
and  somewhat  mottled  like  that  of  Naxos.  There  is  also  much 
that  is  quite  compact  found  in  the  same  locality.  I'he  lamella- 
ted variety  contains  an  abundance  of  a  micaceous  mineral,  which 
in  this  instance  appears  to  have  determined  its  structure. 

The  Samos  emery,  as  yet  found  only  in  small  quantities,  and 
in  the  form  of  nodules,  is  uniformly  of  a  dark  blue  color,  some- 
times of  a  coarse  grained  aiid  at  other  times  of  a  fine  grained 
structure  not  unlike  certain  varieties  of  very  compact  blue  lime- 
stone. 

Fracture — The  fracture  of  emery  is  tolerably  regular,  and  the 
surface  exposed  is  granular  of  an  adamantine  aspect ;  it  is  exceed- 
ingly difficult  to  break  when  not  traversed  by  fissures  or  not  of  a 
lamellated  structure  as  much  of  that  from  Nicaria.  When  re- 
duced to  powder  it  varies  in  color  from  that  of  a  dark  grey  to 
black.  The  color  of  its  powder  affords  no  indication  of  its  com- 
mercial value. 

The  powder  examined  under  the  microscope  shows  the  distinct 
existence  of  the  two  minerals,  corundum  and  oxyd  of  iron, 
which  appear  inseparable  as  the  smallest  fragment  contains  the 
two  together. 

8iooin>  Sbbizs,  Vol  Z,  Ko.  SO.^Nor.,  1860.  46 
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Ma^netiem. — As  it  is  natural  to  suppose  all  specimens  of  em* 
ery  affect  more  or  less  the  magnetic  needle ;  in  some  the  magnet- 
ism is  barely  perceptible,  in  others  it  amounts  to  strong  polarity. 

Odor, — Emery  when  moistened  always  affords  a  very  strong 
argillaceous  odor;  even  the  most  compact  varieties. 

Specific  ffravity, — The  different  varieties  do  not  vary  much  in 
their  specific  gravity,  it  being  always  in  the  neighborhood  of  4. 
The  specific  gravity  of  various  specimens  will  be  given  on  a 
following  page. 

Hardness. — The  hardness  of  emery  is  its  most  important 
pro))erty,  as  to  it  is  due  the  value  of  this  substance  in  the  arts.  For 
this  reason  I  have  devoted  much  time  and  attention  to  the  deter- 
mination of  it.  In  a  mineralogical  sense  its  hardness  is  not  diffi- 
cult to  determine;  for  if  we  try  different  varieties  of  emery  by 
scratching  agate  or  other  hard  substance,  the  effect  will  naturally 
be  very  nearly  the  same ;  for  in  every  case,  it  will  be  some  point  of 
corutidimi  that  has  produced  the  scratch.  If,  however,  we  hap- 
pen not  to  rub  a  point  of  corundum  against  the  agate  no  effect 
will  be  produced  on  the  latter,  but  the  emery  will  yield.  As  this 
method  leads  to  no  practical  result,  I  have  sought  out  another, 
which  may  be  properly  called  one  for  determining  the  effectwe 
hardness  of  emery  and  corundum^  and- is  as  follows. 

Fragnieius  are  broken  from  the  piece  to  be  examined,  and 
crushed  in  a  diamond  mortar  with  two  or  three  blows  of  a 
hammer,  then  thrown  into  a  sieve,  (the  one  employed  had  400 
boles  to  the  square  centimetre,)  the  portion  passing  through  is 
collected,  and  that  remaining  on  the  sieve  is  again  placed  in 
the  mortar  and  two  or  three  blows  given,  then  thrown  into  the 
sieve ;  the  operation  is  repeated  until  all  the  emery  has  passed 
through  the  sieve.  The  object  of  giving  but  two  or  three  blows 
at  a  time  is  to  avoid  crushing  any  of  the  emery  to  too  fine  a 
powder. 

Thus  pulverized  it  is  intimately  mixed  and  a  certain  portion  of 
it  is  weighed,  (as  I  operated  with  a  balance  sensible  to  a  milli- 
gramme, the  quantity  used  never  exceeded  a  gramme.)  To  test 
the  effective  hardness  of  this,  a  circular  piece  of  glass  about  four 
inches  in  diameter  and  a  small  agate  mortar  are  used.  The  glass 
is  first  weighed  and  placed  on  a  piece  of  glazed  paper;  the  pul- 
verized emery  is  then  thrown  on  it  little  by  little,  at  each  time 
rubbing  it  against  the  glass  with  the  bottom  of  the  agate  mortar. 

The  emery  is  brushed  off  the  glass  from  time  to  time  with  a 
feather,  and  when  all  the  emery  has  been  made  to  pass  once  over 
the  glass,  it  is  collected  from  the  paper  and  made  to  pass  through 
the  same  operation  which  is  repeated  three  or  four  times.  The 
glass  is  then  weighed,  after  which  it  is  subjected  to  the  same  op- 
eration as  before,  the  emery  being  by  this  time  reduced  to  an  im- 
palpable powder.    This  series  of  operations  is  continued  until 
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by  repeated  weighing  the  Inss  sustained  by  the  glass  is  reduced 
to  a  few  milligramraes.  The  total  loss  in  the  glass  is  then  noted, 
and  when  all  the  speciniens  of  emery  are  submitted  to  this  opera- 
tion under  the  same  circumstances,  we  get  an  exact  idea  of  their 
relative  hardness. 

The  bine  sapphire  of  Oylon  was  pulverized  and  experimented 
with  in  this  way;  it  furnished  me  with  a  unit  of  comparison  by 
which  to  compare  the  results  obtained.  This  operation  is  long 
but  certain,  and  for  the  harder  varieties  of  emery  it  is  necessary 
to  repeat  the  rubbing  six  or  seven  times  and  it  requires  nearly  two 
hours  for  completion. 

The  results  that  I  have  obtained  are  interesting  and  have  fur- 
nished me  with  the  means  of  forming  conclusions  that  I  could 
not  have  otherwise  come  at. 

Glass  and  agate  have  not  been  chosen  for  this  experiment  with- 
out a  certain  object,  as  experiments  were  first  made  with  two 
pieces  of  agate,  with  two  pieces  of  glass,  and  with  metal  and 
glass.  The  agates  were  found  too  hard,  as  they  crushed  the 
emery  without  producing  hardly  any  abrasive  effect ;  the  others 
were  found  not  to  crush  the  emery  sufficiently,  making  the  ex- 
periment tedious  and  long.  With  the  glass  and  agate  we  have  a 
hard  substance  which  crushes  the  emery,  and  in  a  certain  space  of 
time  reduces  it  to  such  an  impalpable  state  that  it  has  no  longer 
any  sensible  effect  on  the  glass,  and  on  the  other  hand,  the  glass 
is  soft  enough  to  lose  during  this  time  sufficient  of  iis  substance 
to  allow  of  accurate  comparative  results.  In  the  employment  of 
this  method  in  the  arts,  it  would  not  be  necessary  to  go  to  the 
sapphire  for  a  standard  of  comparison ;  any  good  emery  would 
answer  the  purpose  quite  as  well. 

It  must  be  understood  that  this  method  of  coming  at  the  abra« 
sive  effects  of  emery  does  not  furnish  the  mineralogical  hardness 
of  this  substance,  by  which  we  understand  the  hardness  of  any 
individual  particle,  as  evinced  by  its  effect  on  a  substance  of  less 
hardness,  without  regard  to  the  molecular  structure  of  the  mineral. 
Two  minerals  possessing  the  same  hardness  but  differing  in  struc- 
ture, one  being  friable,  and  the  other  resisting,  will  be  found  very 
different  in  their  abrasive  effects;  for  instance,  break  a  piece  of 
quartz  in  two,  subject  one  of  the  pieces  to  a  while  heat,  and  after 
cooling,  compare  the  two  by  rubbing  the  point  against  some  hard 
substance;  both  will  be  found  to  scratch  equally  well :  then  try 
the  two  in  a  state  of  powder,  by  rubbing  them  between  two 
pieces  of  glass  that  have  been  weighed,  and  the  difference  of  their 
abrasive  effects  will  be  found  very  great ;  because,  the  one  sub- 
jected to  the  fire  is  exceedingly  friable,  and  becomes  readily 
crushed  to  an  impalpable  powder.  This  fact  is  eminently  true 
with  reference  to  emery,  many  specimens  of  which  containing 
the  same  amount  of  corundum  differ  somewhat  in  their  effective 
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hardness  owing  to  the  more  or  less  compact  structure  of  the  co- 
rundum. 

By  the  method  with  the  agate  and  glass  I  have  found  the  best 
emery  capable  of  wearing  away  about  one-half  its  weight  of  the 
glass  (that  used  was  the  common  French  window  glass).  The 
sapphire  under  the  same  circumstances  wears  away  more  tbao 
four-fifths  of  its  weight.  A  tabular  view  of  the  results  will  be 
given  a  little  farther  on. 

Chemical  composition  of  Emery. 

This  substance  consisting  of  a  mixture  of  corundum  and  oxyd 
of  iron  in  various  proportions,  it  is  easy  to  see  what  its  composi- 
tion must  be.  Yet  the  chemical  examination  of  this  mineral 
taken  in  connection  with  other  properties  is  not  devoid  of  interest. 

For  the  purpose  of  analysis,  the  emery  was  reduced  to  a  state 
of  powder,  in  the  manner  alluded  to  in  speaking  of  its  hardness, 
with  a  diamond  mortar  and  sieve.  This  powder  was  dried  for 
twenty-four  hours  over  sulphuric  acid ;  a  gramme  was  then  weigh- 
ed in  a  small  platinum  crucible  of  about  one-fourth  of  a  cubic  inch 
in  capacity,  fitted  with  a  cover  that  adapted  itself  well  Co  it ;  this 
small  crucible  was  placed  in  another  of  earth,  and  the  space  be- 
tween the  two  filled  with  pulverized  quartz  which  also  covered 
the  smaller  one  to  the  depth  of  half  an  inch.  CooHnoD  sand 
was  not  used,  because  during  the  heating  some  particles  might  ad- 
here to  the  platinum  crucible  by  a  semifusion ;  nor  was  powdered 
charcoal  employed  because  it  protected  the  mineral  no  better  than 
the  pulverized  quartz  from  contact  with  the  air,  at  the  same  time 
a  little  risk  was  run  in  decomposing  a  small  amount  of' the  iron. 

Thus  arranged  the  crucibles  were  heated  to  a  bright  red  for 
from  thirty  minutes  to  one  hour.  After  cooling,  the  platinum 
crucible  was  carefully  withdrawn  and  weighed.  The  loss  fur- 
nished me  with  the  amount  of  water  in  the  emery. 

It  requires  a  continued  red  heat  to  drive  out  all  the  water,  a 
circumstance  which  is  true  for  a  number  of  minerals,  particularly 
for  those  containing  a  large  amount  of  alumina  as  diaspore  and 
the  micas  which  will  be  spoken  of  in  this  paper. 

The  powder,  of  which  the  water  has  been  estimated,  was  next 
submitted  to  levigation  in  a  large  agate  mortar  placed  on  a  sur- 
face of  glazed  paper;  and  when  completed,  it  was  carefully  de- 
tached from  the  mortar,  placed  in  a  platinum  capsule,  heated  gently 
to  drive  off  any  hygrometric  moisture  and  weighed;  the  increase 
of  weight  furnished  the  amount  of  silica  taken  from  the  raortar. 

I'he  levigation  of  one  gramme  was  accomplished  in  two  ope- 
rations, each  requiring  about  twenty  minutes ;  and  by  using  a 
mortar  of  convenient  size  and  the  extremity  of  a  feather  or  a 
small  brush,  it  is  possible  to  lose  but  an  insensible  quantity  of  the 
mineral  and  to  estimate  with  sufiicieut  precision  the  amount  of 
silica  abraded  from  the  mortar. 
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Another  method  by  which  I  accomplished  the  levigation  in 
some  of  the  analyses,  was  in  a  steel  mortar  of  the  same  form  as 
the  agate  mortar ;  and  when  completed  the  powder  was  placed 
in  a  glass  with  nitric  acid  diluted  with  thirty  times  its  weight  of 
water  and  left  in  it  for  one  hour  agitating  it  occasionally.  The 
iron  taken  from  the  mortar  was  dissolved,  and  no  part  of  the 
mineral  attached.  The  next  thing  was  to  filter  and  continue 
the  analysis  with  the  substance  thus  freed  from  the  iron  of  the 
mortar,  without  any  second  weighing. 

Of  these  two  methods  I  preferred  to  employ  the  first  for  the 
emery,  as  it  is  more  expeditious  and  almost  if  not  quite  as  exact 
as  the  second.  '  There  are,  however,  occasions  in  which  the  steel 
mortar  should  be  resorted  to. 

The  substance  once  reduced  to  an  impalpable  powder,  it  was 
necessary  to  render  it  completely  soluble,  and  my  researches  to 
arrive  at  this  were  long  and  tedious.  In  trying  the  various  known 
methods  the  most  successful  was  found  to  be  that  with  a  mix- 
ture of  carbonate  of  soda  and  caustic  soda  heated  to  whiteness 
for  one  hour;  nevertheless  I  could  not  obtain  a  complete  decom- 
position. The  decomposition  might  probably  be  completed  if 
the  levigation  was  made  more  thoroughly,  but  it  is  easy  to  under- 
stand, that  with  a  large  number  of  analyses  of  the  same  substance 
to  make,  it  was  a  desideratum  on  my  part  not  to  consume  the 
best  part  of  a  day  in  the  levigation  of  a  single  gramme ;  particu- 
lar, as  I  did  not  wish  to  confide  this  operation  to  another,  as  much 
care  was  required  to  lose  nothing  during  the  levigation.  Mixed 
with  carbonate  of  baryta  and  heated  in  a  forge,  the  decomposition 
of  the  mineral  was  far  from  being  complete ;  the  same  may  be  said 
for  the  treatment  with  the  caustic  alkalies  in  a  silver  crucible. 

The  bisulphate  of  potash  decomposes  it  almost  entirely  by  a 
single 'operation,  but  unfortunately,  a  double  salt  of  potash  and 
alumina  is  formed  which  is  almost  insoluble  in  water  or  in  the 
acids,  and  it  is  only  by  a  solution  of  potash  that  it  is  first  decom- 
posed and  afterwards  redissolved.  I  will  not  stop  to  detail  all 
the  disadvantages  attending  this  method,  but  will  at  once  speak 
of  the  method  which  gave  me  very  easily  the  most  accurate 
results. 

It  is  by  means  of  the  bisulphate  of  soda  that  all  my  analyses 
of  emery,  of  corundum,  and  of  several  alurainates  were  made. 
I  believe  that  I  am  the  first  who  has  shown  the  great  advantage 
of  using  this  double  salt  in  the  decomposition  of  certain  substan- 
ces insoluble  in  the  acids;  and  very  probably  it  will  replace  iu 
most  cases  the  use  of  the  bisulphate  of  potash  in  analytical  chem- 
istry. At  present,  all  the  advantages  that  may  arise  from  the  sub- 
stitution of  the  soda  for  the  potash  salt  cannot  be  mentioned ;  all 
that  I  will  say  is,  that  the  former  in  giving  a  decomposition  at 
least  as  complete  as  the  latter,  furnishes  a  melted  mass  quite  solu- 
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ble  in  water,  and  in  the  future  operations  of  the  analyses  there  is 
DO  embarrassment  from  a  deposit  of  alum. 

The  bisulpharo  of  soda  was  prepared  by  adding  an  excess  of 
pure  sulphuric  acid  to  the  pure  carbonate  or  neutral  sulphate  of 
soda  and  heating  it  in  a  capsule  until  all  the  water  had  been  ex- 
pelled and  sufficient  of  the  acid  to  allow  of  the  mass  becoming 
solid  on  cooling.  That  obtained  in  commerce  is  not  sufficiently 
pure. 

The  pulverized  emery  is  placed  in  a  large  platinum  cniciWe 
with  six  or  eight  times  its  weight  of  bisulphate  of  soda,  and  the 
mixture  is  heated  over  a  lamp  in  the  same  manner  and  with  the 
same  precautions  as  are  employed  when  using  tKe  bisulphate  of 
potash.  From  fifteen  to  thirty  minutes  suffice  for  the  operation. 
The  mass  is  allowed  to  cool,  and  water  with  a  few  drops  of  sul- 
phuric acid  are  added  to  it  and  the  whole  heated,  when  it  soon 
dissolves  with  the  exception  of  a  little  silica,  that  renders  the  so- 
lution milky,  and  a  small  quantity  of  undecomposed  mineral, 
that  is  readily  detected  by  rubbing  a  glass  rod  against  the  bottom 
of  the  capsule,  l^he  liquid  is  now  filtered,  and  the  filter  is  wash- 
ed once  with  a  little  water;  then  with  its  contents  it  is  placed 
in  a  platinum  crucible,  burnt  completely,  and  the  residue  is  heated 
with  a  little  bisulphate  of  soda,  which  completes  the  decomposi- 
tion :  and  when  treated  with  water  and  a  drop  or  two  of  sulphu- 
ric acid  all  except  the  silica  is  dissolved.  The  liquid  which  passes 
the  filter  in  this  case  is  added  to  the  first  and  the  analysis  contin- 
ued. The  silica  obtained  is  diminished  by  the  quantity  taken  up 
from  the  mortar  in  order  to  arrive  at  what  is  actually  contained 
in  the  mineral.  The  filtered  solution  is  healed  with  a  little  nitric 
acid  to  convert  all  the  protoxyd  of  iron  into  peroxyd,  then  treated 
with  an  excess  of  caustic  soda  and  a  little  carbonate  of  the  same 
alkali ;  this  redissolves  the  alumina  first  precipitated  and  thus  sep- 
arates it  from  the  oxyd  of  iron  and  a  trace  of  lime.  The  iron 
and  lime  are  separated  in  the  ordinary  way ;  the  alkaline  solution 
of  alumina  was  acidulated  and  the  alumina  precipitated  with  car- 
bonate of  ammonia. 

Thus  analyzed,  the  emery  from  different  places  gave  the  fol- 
lowing results: — 


No. 

Localitiea. 

EflTective 

hardnecf. 

Sapphire  100 

Specific 

Chemical  compofiition.                              ] 

gravity. 

Water. 

Alumina. 

Oxyd 
of  iron. 

33-25 

Lime. 

Silica. 
1-61 

TouL 

1 

Kulah, 

57 

4-28 

1-90 

6350 

0-92 

101  18 

2 

Samoa, 

66 

8-98 

210 

7010 

22-21 

0-62 

4-00 

9908 

3 

Nicaria, 

56 

876 

2-53 

7106 

20-32 

1-40 

412 

99-48 

4 

Kulah, 

53 

4-02 

236 

6300 

8012 

0-50 

2-36 

9884 

5 

Gumuch, 

47 

3-82 

311 

77-82 

8-62 

1-80 

813 

99-48 

6 

Naxos, 

46 

376 

4-72 

68-53 

2410 

0-86 

810 

101-81 

7 

Nicaria, 

46 

8-74 

810 

7512 

1806 

0-72 

6-88 

98-88 

8 

Nazos, 

44 

8-87 

647 

6946 

1908 

2-81 

2-41 

99-23 

9 

Gumuch, 

42 

4-81 

6-62 

6010 

33-20 

0-48 

1-80 

101-20 

10 

Kulah, 

40 

8-89 

2-00 

61-06 

2715 

1-30 

9-68 

10118 
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I  ought  to  mention  that  the  analysis  afforded  other  substances 
in  small  quantities  in  some  of  the  emeries ;  as  titanic  acid,  oxyd  of 
manganese,  oxyd  of  zirconium,  and  sulphur  (existing  in  pyrites)  ; 
but  these  substances  are  unimportant  in  the  composition  of  emery, 
and  are  in  such  minute  quantities,  that  it  is  necessary  to  operate 
on  a  considerable  quantity  of  the  mineral  to  obtain  satisfactory 
results  concerning  them. 

The  analyses  marked  6  and  8  were  made  by  decomposing  the 
emery  as  it  came  from  the  sieve,  without  pulverization  in  the 
agate  mortar.  It  was  by  accident  that  it  occurred  and  I  was  not 
aware  of  the  neglect  until  it  was  fused  with  the  bisulphate  of 
soda,  but  not  wishing  to  lose  the  analysis,  the  operations  were 
continued  as  in  the  other  cases,  only  using  a  little  more  of  the 
bisulphate  in  the  second  decomposition ;  and  somewhat  to  my  sur- 
prise, the  decomposition  was  quite  as  perfect  as  in  the  other  cases. 
I  had  nearly  completed  all  my  analyses  in  the  manner  detailed, 
when  this  fact  became  known,  so  that  I  have  but  these  two  cases 
to  report.  It  will  simplify  the  analysis  of  corundum  if  pulver- 
ization in  a  diamond  mortar  be  found  sufficient,  and  I  propose 
examining  specially  into  this  question. 

The  water  which  was  found  in  the  emery  comes  from  the 
corundum,  a  fact  which  will  be  shown  when  the  analysis  of  pure 
corundum  is  given,  which  will  be  in  the  second  part  of  the 
memoir.  A  very  minute  quantity  of  what  has  been  estimated  as 
water  might  be  a  little  oxygen  lost  by  the  oligiste  which  is  some- 
times found  in  emery.  Those  emeries  which  contain  the  least 
water,  every  thing  else  alike,  are  the  hardest,  as  instanced  by  that 
from  Eulah,  notwithstanding  the  quantity  of  iron  it  contains. 
The  silica  existing  in  emery  is  most  often  in  combination  with 
alumina  or  the  oxyd  of  iron  or  with  both,  for  this  reason  we  must 
not  always  regard  the  quantity  of  alumina  as  an  indication  of  the 
quantity  of  corundum  in  the  emery. 

Analogies. 

Emery  at  first  sight  may  be  confounded  with  several  ores  of 
iron;  as  magnetic  iron,  certain  varieties  of  oligiste  and  some- 
times with  chromate  of  iron ;  but  the  fracture  of  emery  is  stony 
which  differs  from  these  ores  of  iron,  and  besides  the  surface 
exposed  is  of  a  lighter  color.  From  the  numerous  observations 
made,  I  may  set  it  down  as  a  general  rule,  that  any  blackish 
or  dark  blue  rock  of  a  strong  argillaceous  smell,  that  scratches 
agate  easily,  with  a  specific  gravity  in  the  neigborhood  of  4,  is 
sure  to  be  emery. 

The  mining  of  Emery. 

The  mining  of  this  substance  is  of  the  simplest  character. 
The  natural  decomposition  of  the  rock  in  which  it  occurs  facili- 
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tates  its  extraction.  As  has  already  been  mentioned,  the  rock  de- 
composes into  an  earth  in  which  the  emery  is  found  imbedded. 
The  quantity  found  under  these  favorable  circumstances  is  so 
great  that  it  is  rarely  necessary  to  explore  the  rock.  The  earth 
in  the  neighborhood  of  the  blocks  of  emery  is  almost  always 
of  a  red  color,  and  serves  as  an  indication  to  those  who  are  in 
search  of  the  mineral.  Sometimes  before  beginning  to  excavate, 
the  spots  are  sounded  by  an  iron  rod  with  a  steel  point,  and  when 
any  resistance  is  met  with,  the  rod  is  nibbed  in  contact  with  the 
resisting  body,  and  the  effect  produced  on  the  point  enables  a 
practised  eye  to  decide  whether  it  has  been  done  by  emery  or  not 

The  blocks  which  are  of  a  convenient  size  are  transported  in 
their  natural  state,  but  most  frequently  they  are  required  to  be 
broken  by  means  of  large  hammers ;  when  they  resist  the  ham- 
mer, they  are  subjected  to  the  action  of  fire  for  several  hours,  and 
on  cooling  they  most  commonly  yield  to  blows.  It,  however, 
happens  sometimes  that  large  masses  are  abandoned  from  the  im- 
possibility of  breaking  them  into  pieces  of  a  convenient  size; 
as  the  transportation  either  on  camels  or  horses  requires  that  the 
pieces  do  not  exceed  one  hundred  pounds. 

At  Kulah,  the  quantity  of  emery  detached  from  the  rock  was 
not  very  considerable,  as  it  had  been  protected  from  decomposi- 
tion by  the  beds  of  lava  that  cover  it.  Here  the  marble  was 
quarried  to  get  at  the  emery  which  was  done  in  the  early  part  of 
1847  with  profit,  although  the  transportation  from  Kulah  to 
Smyrna  is  over  a  distance  of  one  hundred  and  ten  miles  on  the 
backs  of  camels.  Since  the  diminution  of  the  price  of  emery, 
this  mine  has  been  abandoned,  for  the  quarrying  into  the  marble 
is  attended  with  the  greatest  difficulty  as  the  tools  used  for  boring, 
&c.,  are  thrown  out  of  use  in  a  very  short  time,  by  the  pieces  of 
emery  which  are  encountered  at  every  instant  At  present  all 
the  emery  sent  from  Asia  Minor  comes  from  the  mine  at  Crumuch" 
daght  twelve  miles  from  the  ruins  of  Ephesus. 

Commercial  consideration  of  Emery. 

The  use  of  emery  in  the  arts  is  of  very  ancient  date,  a  fact 
proved  by  works  on  hard  stones  that  could  not  have  been  execu- 
ted except  by  emery  or  minerals  of  that  nature.  It  is  very  prob- 
able that  emery  coming  from  the  localities  which  have  been  men- 
tioned, was  used  in  former  ages  by  the  Greeks  and  Romans.  For 
example,  the  locality  of  Gumuch-dagh  is  immediately  by  the 
ancient  Magnesia  on  the  Meandre,  and  between  Ephesus  and 
Tralles,  twelve  miles  from  each  of  these  cities,  and  the  same  dis- 
tance from  Tyria ;  in  all  of  these  cities  the  arts  flourished,  and 
none  more  than  that  of  cutting  hard  stones,  if  we  are  allowed 
to  judge  from  the  specimens  of  their  skill  in  this  art  that  have 
come  down  to  us. 
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Nevertheless,  the  quantity  of  emery  formerly  employed  wai 
insignificant  in  comparison  to  the  quantity  now  required,  more 
particularly  within  the  last  twenty  years,  since  the  use  of  plate 
glass  has  been  extended.  The  annual  consumption  at  the  pres- 
ent time  is  about  fifteen  hundred  tons. 

For  various  reasons,  the  island  of  Naxos  furnished  for  several 
centuries  almost  exclusively  the  emery  used  in  the  arts,  as  much 
for  the  facility  with  which  it  was  obtained  as  for  the  uniformity 
of  its  quality.  The  emery  exists  in  very  great  abundance  on  this 
island,  and  notwithstanding  the  quantity  already  extracted  there 
still  remain  immense  deposits  of  it. 

The  price  of  this  substance  at  the  end  of  the  last  century  was 
from  40  to  50  dollars  the  ton,  and  between  1820  and  1835  it  was 
at  times  even  less.  About  this  period,  the  monopoly  of  the  Naxos 
emerv  was  purchased  from  the  Greek  government  by  an  English 
merchant,  who  so  regulated  the  quantity  given  to  commerce  that 
the  price  gradually  rose  from  40  to  140  dollars  the  ton,  a  [rice  at 
which  it  was  sold  in  1846  and  1847.  It  was  at  this  time  that  I 
commenced  examining  and  developing  the  emery  formations  of 
Asia  Minor  until  then  unknown.  And  after  making  a  report  to 
the  Turkish  government,  the  monopoly  of  the  emery  of  Turkey 
was  sold  to  a  mercantile  house  in  Smyrna,  and  since  then  the 
price  of  this  article  has  diminished  to  60  and  70  dollars  the  ton 
according  to  the  quality.  I  speak  of  the  prices  in  the  English 
market. 

The  different  mines  explored  are  those  of  Naxos  of  an  ancient 
date,  of  Kuhh  commenced  in  1847  and  now  abandoned  for  these 
nearer  the  sea,  of  Gumuch-dagh  commenced  in  1847  and  worked 
largely,  and  of  Nicaria  commenced  in  1850.  From  all  these 
different  places  the  emery  goes  to  Smyrna,  and  from  there,  prin- 
cipally to  England,  the  vessels  taking  it  at  a  very  low  price  as  it 
serves  for  ballast. 

The  various  mines  belong  to  the  Turkish  and  to  the  Greek 
government.  The  Greek  government  now  sells  its  emery  in  lots 
of  several  tons.  The  Turkish  government  sells  the  entire  monop- 
oly of  its  mines,  and  consequently  its  operations  are  controlled 
by  a  single  interest ;  but  in  all  probability,  this  monopoly  will  be 
done  away  with,  in  virtue  of  a  commercial  treaty  existing  be- 
tween Turkey  and  the  other  powers.  If  this  takes  place  the  price 
of  emery  will  be  still  farther  diminished. 

Of  the  different  varieties  of  emery  employed  in  the  arts  that 
of  Naxos  is  still  preferred,  and  with  reason,  as  it  is  more  uniform 
in  its  quality  than  that  coming  from  Kulah  and  Gumurh  ;  never- 
theless, if  the  best  qualities  of  that  from  the  island  of  Nicaria  are 
found  in  abundance  and  that  only  sent  into  market,  it  will  prove 
at  least  equal  if  not  superior  to  that  of  Naxos. 

BxooND  Snni,  Vol  X,  ITa  80.— Nor.,  1860.  47 


Digiti 


zed  by  Google 


ITO  On  AnmHcan  Spedmne9U. 


Abt.  XXXVL— On  American  Spoduwene  ;  by  Geo.  J.  Brush, 
of  the  Yale  Analytical  Laboratory. 

Read  before  the  American  Association  for  the  Advaoceoient  of  Scieaoe  at  New 
Haven,  Atigust,  1850. 

OwiNO  to  the  want  of  a  complete  analysis  of  art  American  Spod- 
umetie,  I  was  induced  at  the  suggestion  of  Prof.  Silliman,  Jr.,  to 
undertake  this  research. 

The  Spodumene  from  Ulo  has  often  been  the  subject  of  chem- 
ical investigation  and  has  been  analyzed  by  Arfvedson,*  Slro- 
meyer,t  Regnanlt,|  and  Hagen.<^  That  from  the  Killiney  local- 
ity has  been  analyzed  by  Thomson. || 

These  are  all  the  complete  analyses  recorded  of  this  species. 
Partial  analyses,  however,  exist  of  specimens  from  the  Tyrol 
mountains,  and  from  Sterling,  Mass.,  the  former  by  Hagen  and 
the  latter  by  both  Hagen  and  Bowen.T 

The  constitution  of  this  mineral  was  not  correctly  understood 
prior  to  Hagen's  analysis,  until  which  time  it  had  been  consid- 
ered as  essentially  a  silicate  of  alumina  and  lithia.  Hagen  how- 
ever found  a  portion  of  the  so-called  lithia  to  be  soda,  which  dis- 
covery being  confirmed  renders  the  formulas  derived  from  former 
analyses  incorrect,  owing  to  the  great  difference  in  the  atomic 
weights  of  lithia  and  soda.  Hagen's  analysis  of  a  specimen  from 
the  Uto  locality  gave, 

OiYcren.  Rntio. 

12 

4i 


Oiygen. 
=    34-36 

Ratio. 

Silica,                66136   = 

3436 

1226 

Alumina,            27-024 
Peroxyd  of  iron,     -321 

12  63  > 
•09  5 

12  72 

465 

Lithia,                 3-836 

211) 
•68  5 

2-79 

1 

Soda,                    2683 

lOOOUO 

from  which  he  deduced  the  formula,  *ra  Si+sti  3i+6Xi  Bi». 

My  analyses  agree  with  Hagen's  in  the  soda,  but  lead  to  a 
different  formula.  The  specimens  selected  for  analysis  weiB 
from  the  Norwich  and  Sterling  (Mass  )  localities.  A  qualkatiTe 
examination  of  each,  showed  the  presence  of  silica,  aliraaioa,  per- 
oxyd of  iron  (trace),  lime,  lithia,  and  soda. 

In  the  quantitative  examination  the  alkalies  were  obtained  by 
decomposition  by  hydrofluoric  acid  and  determined  as  sulphates ; 
the  other  constituents  were  obtained  by  fusion  with  carbouate  of 
soda.     That  from  Norwich  in  two  analyses  yielded, 

♦  Schweigger^s  Jour.,  xxii,  107.  +  Untersuchungen,  i,  426. 

iAnn.  (les  Mines,  (HI  series)  1839,  680.  J  Pocg.  Ann.,  riviii.  871. 

Thom.  Min.,  i,  802.  ^  SilL  Am.  Jour,  viii,  121. 
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I. 

n. 

Mean. 

Oxygen. 

Katio. 

Silica, 

63  06 

62  72 

62-39 

3267 

3267 

804 

Alumina, 

2800 

28  85 

28-42 

1328 

13-28 

3  27 

Lime, 

•96 

113 

104 

•29) 

Lithia, 

6-67 

667 

667 

3  12  f 

4-06 

1 

Soda, 

2  51 

261 

261 

•65) 

10019      100  88 

And  that  from  the  Sterling  locality  of  which  also  two  analy- 
ses were  made,  gave. 

Mean. 

62-76 

29  33 

•63 

6-48 

176 


L 

II. 

Silica, 

62  86 

62-67 

Alumina, 

28  83 

29-83 

Lime, 

•66 

•71 

Lithia, 

6-48 

6-48 

Soda, 

176 

1-76 

10049 

10146 

Oxyg»n. 

Ratio. 

32  61 

3261 

7  80 

1376 

1376 

328 

•18  1 

1 

3  66> 

419 

1 

The  mean  of  the  ratios  calculated  from  the  four  analyses  is 
1  :  3  27  :  7'92  or  quite  nearly  1:3:8,  which  gives  the  general 
formula 

fia  Sia+3&  Si3 

and  the  special  formula 

(0670  Ca-i-1888  Sa+-8097  Li)3  5ia+8Xl  Bi^ 

which  requires, 

4618-48  =    pr.  ct.    6414 

1925  40  26  76 

441-27  612 

15484  215 

6010  -83 


8  atoms  of  silica, 
3        "       alumina, 
2-4291  "       lithia, 
•3999  "       soda, 
•171     "       lime, 


720009 


100  00 


This  formula  corresponds  quite  well  with  the  analyses,  espec- 
ially in  the  protoxyd  bases,  the  mean  of  which  is  almost  pre- 
cisely that  required  by  the  formula. 

With  the  specific  gravity  3  18  we  obtain  from  the  above  the 
atomic  volume  2264.  The  B  atomic  volume  (see  Mr.  Dana's 
memoir,  in  this  Journal,  ix,  220)  will  be  161*7,  and  the  C  atomic 
volume  42-7.  The  isomorphism  of  this  species  with  pyroxene 
is  pointed  out  by  Mr.  Dana  on  page  120  of  this  volume.* 

*  The  analysiB  by  Mr.  Brush  corresponds  in  the  proportion  of  silica  with  the 
results  of  Stromeyer's  investigation,  who  found  68*288  of  silica  and  28776  of 
alumina.  In  the  ratio  above  deduced,  as  well  that  of  von  Kobell's  formula 
(B*  Si' +4^1  Si')>  ^e  oxygen  of  the  bases  is  to  that  of  the  silica  at  1 :  2,  the  i 
ratio  as  in  pyroxene. — j.  o.  d. 
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Art.   XXXVII. — Optical  ExanUnaiion  of  several  Afnerican 
Micas;  by  B.  Silliman,  Jr.,  A.M.,  M.D.y&c. 

Eead  before  the  American  Association  for  the  Advancemeot  of  Scienoe,  «t  Vev 
Haven,  Auj^ust,  1850. 

Prior  to  the  publication  of  the  second  edition  of  Dana's  Min- 
eralogy, little  had  been  done  in  distinguishing  the  several  species 
among  American  micas,  and  in  allotting  them  to  the  various  locali- 
ties. It)  connection  with  Professor  llNana,  the  writer,  during  the 
passage  of  the  Mineralogy  through  the  press,  made  a  number  of 
observations  respecting  tlie  optical  properties  of  such  micas  as 
were  at  that  time  accessible.  A  summary  of  these  observations 
will  be  found  in  that  volume.*  Since  that  work  was  published, 
the  writer  has  continued  atid  multiplied  his  observations  as  far  as 
opportunity  has  been  found  for  prosecuting  the  investigatioo, 
while  former  examinations  have  been  revised.  The  results  of 
the  whole  research  as  far  as  they  are  complete  are  exhibited  in 
the  following  tables. 

Much  yet  remains  to  foe  done,  not  only  in  confirming  and  ex* 
tendiug  the  present  measurements  and  adding  new  ones  from 
unexamined  localities,  but  still  more  in  reference  to  the  chemical 
character  of  the  several  compounds,  which  from  their  great  re- 
semblance in  leading  physical  propertie-s  have  hitherto  been  gen- 
erally confounded  under  a  common  designation.  This  branch  of 
the  enquiry  is  far  the  most  laborious,  requiring  a  large  number  of 
rigorous  chemical  analyses.  A  beginning  in  it  however,  has  been 
made  by  Mr.  Craw  of  the  Yale  Laboratory,  who  has  completed 
three  analyses  of  Phlogopites  from  New  York.  The  results  of 
his  research,  which  are  particularly  interesting,  will  be  found  on 
a  following  page. 

The  physical  questions  connected  with  the  micas  embrace  also 
the  translucency  of  the  several  varieties  in  different  directions, 
the  effects  of  heat  and  magnetism  in  varying  the  angle  of  the 
optic  axes,  and  the  value  of  the  latter  under  monochromatic  light 
in  all  parts  of  the  spectrum; — and  investigations  on  these  points 
would  well  reward  the  observer.f  I  had  proposed  the  subject 
last-mentioned,  to  my  friend,  Mr.  W.  P.  Blake,  before  my  own 
observations  were  made,  and  he  has  recently  planned  and  con- 
structed for  himself  an  instrument  for  observations  and  measure- 
ments of  this  sort.     This  instrument  appears  to  me  particularly 

*  Dana's  Mineralogy,  p.  690. 

f  A  few  experiments  were  made  by  the  AatW,  aided  by  Mr.  W.  P.  Blake,  with 
Mdllooi's  apparatus  to  determine  whether  any  relation  in  the  transmission  of  beat 
exi^tte.i  hot  ween  various  micas  corresponding  at  all  to  the  different  valnes  of  the  optic 
axes.  In  these  trials  the  mica  plates  were  as  nearly  as  possible  of  the  same  thick- 
BAflti  and  they  were  placed  so  that  the  normal  was  paraltel  to  the  bundle  of  rays  of 
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well  adapted  for  this  purpose,  and  with  its  aid  we  may  hope  for 
important  advances  in  our  knowledge  of  the  physical  relations 
of  the  micas.* 

The  instrument  which  I  have  used  for  the  measurements  given 
in  this  paper  is  a  modification  of  the  goniometer  of  Charles  and 
Mains.  It  has  a  horizontal  circle  of  about  eight  inches  diameter 
reading  to  minutes,  with  a  tangent  screw  and  double  readings. 
To  the  centre  of  the  instrument  has  been  adapted  a  simple  con- 
trivance for  holding  two  tourmalines,  and  at  the  same  time  for  se- 
curing the  mica  plate  in  the  proper  position.  The  tourmalines  have 
both  a  horizontal  and  rotary  movement,  and  are  so  arranged  that 
the  mica  plate  can  be  conveniently  held  between  them  in  an  unva- 
rying position  while  the  arm  of  the  goniometer  makes  its  revolu- 
tion. The  instrument  is  adjusted  for  use  by  bringing  the  specimen 
into  such  a  position  that  the  line  connecting  the  optic  axes  shall 
be  horizontal ;  and  by  turning  the  arm  of  the  instrument  through 
the  requisite  number  of  degrees,  the  two  series  of  colored  rings 
of  a  common  binaxial  mica  will  come  successively  into  view. 
A  vertical  cord  placed  in  an  open  window  is  required  to  complete 
the  arrangement;  the  instrument  is  so  adjusted,  that  the  cord 
accurately  intersects  the  black  dots  of  the  inner  colored  circle 
about  one  axis ;  a  revolution  is  then  made,  till  the  cord  intersects 

heat  The  instrument  was  so  adjusted  that  the  Locatelli  lamp  deflected  the  needle 
in  10"  of  time  80®  of  the  scale.  Thus  arranged,  the  following  results  wer» 
obtained: 


Optie  angle. 

Color. 

deflected.   |    ^j^^^ 

Vf uscovite  of  Grafton, . . . 
Phlogojrfte,  Pope'sMillH, . 

Edwards,  . . . 

Biotite(?)  Top8ham,Mc^ 

{probably  Phioaopite.) 

iBiotite,  Monroe,  iJ.  Y.,  . . 

69°  80' 
7*^80' 
16° 
13°  80' 

light  brown,   

190-200     67-60 
120-11080' 86-84-6 
16°             46 
16°              46 
18°-12°     89-56 

11°             38 
21°             63 
21°-21080' 68-64-6 
21°-21O80'68-64-6 
18°-19°     54-67 
21o36'-22o;64&-66 

white  glassy, 

brownish  yellow, 

yellow  brown, 

deep  reddish  brown,  . . 

dark  green,  almost  black, 
dark  )rown, 

Muscovite,  Royalston,  Ms., 

Paris,  Me.,   ... 

Brunwick,  Me., 

"        Jones  Falls^Md., 

Philadelphia,. . 

57°  30' 
72°  30' 
72°  80' 
67° 
60°80'-61° 

nearly  colorless  clear, . . 
light  brown, 

banded  in  hexagl  figures, 

When  the  crystal  was  placed  so  that  the  rays  of  heat  passed  parallel  to  the  optic 
axbi,  (thus  the  Grafton  mica  was  placed  at  an  angle  ot  84°  80',  the  arrangemeoi 
remaining  otherwise  as  before)  the  needle  was  on  repeated  trials,  deflected  24o, 
equal  to  72  per  cent  of  all  the  rays  passing  while  in  the  other  position,  (or  with  the 
normal  parallel  to  the  rays)  only  60°  passed. 

From  these  few  trials  (which  are  regarded  as  only  preliminary  and  approxima- 
tive,) it  will  be  seen  that  an  interesting  relation  apparently  subsists  of  the  sort  looked 
for,  and  this  last  experiment  is  particularly  worthy  of  confirmation  by  extending  it 
to  numerous  Tarieties. 

*  Mr.  Blake  presented  his  instnmient  and  a  seriee  of  measurements  made  with  it 
to  the  liiyaical  Section  of  the  Am.  Assoc,  at  the  New  Haven  meeting. 
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in  the  nine  manner  the  other  axis ;  the  amount  or  angle  of  tbie 
reFoiution  is  the  angle  between  the  axes.  With  this  arrange- 
ment there  is  no  difficulty  after  a  little  practice  in  obtaining  a 
series  of  measurements  on  the  same  specimen,  varying  from 
each  other  but  a  few  minutes  at  most,  withotit  having  recoarse 
to  lenses  or  other  means  of  more  accurately  defining  Jie  field  of 
observation  or  reducing  the  area  of  the  colored  circles.  Such 
modes  of  greater  accuracy  are  important  for  the  more  delicate 
physical  questions  previously  suggested ;  but  for  the  purpose  of 
mineralogical  determination,  the  means  just  described  are  quite 
sufficient,  since  it  is  shown  that  in  a  series  of  specimens  from  the 
same  locality  there  is  generally  a  difference  of  angle  greater  than 
any  error  of  observation  arising  from  the  imperfection  of  the  in* 
strument  employed. 

Additional  interest  is  given  to  this  enquiry  from  a  comparison 
of  the  chemical  relations  of  the  various  species  of  mica  and  their 
corresponding  differences  in  optical  characters.  For  this  reason 
we  briefly  recapitulate  the  divisions  which  are  adopted  by  Prof. 
Dana  in  the  late  edition  of  his  system,  and  which  are  also  given 
with  a  recapitulation  of  the  chemical  formulas  on  p.  1 18  of  this  vol-> 
ume.  The  species  of  mica  now  recognized  are  muscovite,  mar^ 
garodite,  emerylite,  euphyllite,  margarite,  lepidolite,  phlogopite 
and  biotite.  Of  these,  all  but  the  last  are  binaxial.  Our  obser- 
vatiotis  will  be  confined  mainly  to  muscovite,  lepidolite,  phlogo- 
pite, and  biotite. 

1.  Muscovite. — This  name  has  been  proposed  by  Dana  to  em- 
brace those  binaxial  micas  whose  angle  of  polarization  is  between 
66^  and  75^,  excepting  however  the  lithia  micas  which,  having  a 
peculiar  composition  and  a  very  high  angle,  are  included  under 
the  species  lepidolite.  The  terms  ''  oblique  mica"  '^common mi- 
ca" and  '*  binaxial  mica"  formerly  applied  to  this  species  now  fail 
to  be  distinctive,  since  we  have  other  oblique  and  binaxial  micas 
which  belong  to  different  species.  The  optic  axes  in  this  species 
lay  in  the  direction  of  the  longer  diagonal  of  the  prism.  It  is 
much  the  most  abundant  variety  and  is  commonly  found  in  gran- 
itic rocks. 

2.  Lepidolite, — This  species  embraces  all  the  lithia  micas,  a 
group  presenting  however  varied  chemical  characters  which  will 
probably  be  subdivided  by  future  research.  They  are  all  bin- 
axial and  as  far  as  observed  they  yield  a  higher  angle  than  any 
other  of  the  species  of  this  family,  being  75°-76o.  The  blow- 
pipe reaction  for  lithia  as  well  as  its  high  polarization  angle,  en- 
able this  species  to  be  very  readily  distinguished.  Many  of  the 
varieties  are  easily  recognized  by  their  rosy  or  peach-blossom 
color. 

3.  Phhgopite. — ^This  name  was  first  proposed  by  Breithaupt 
for  the  yellowish  brown  mica  associated  with  serpentine  which 
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18  found  at  Natural  Bridge,  near  Diana  in  Jefierson  connty,  New 
York.  This  species  is  distinguished  by  a  polarization  angle  b^ 
tween  7^  and  18^,  the  angle  most  commonly  observed,  being 
13^*-16^ ;  it  rarely  falls  below  10^ ;  in  all  cases  the  two  axes  are  so 
Dear  that  both  can  be  distinctly  seen  in  the  field  at  one  view,  and  if 
examined  in  thin  plates  and  by  a  casual  observer,  it  would  be  es* 
teemed  a  uniaxial  mica.  The  crystalline  form  is  trimetric,  and  it 
occurs  often  in  elongated  and  tapering  hexagonal  prisms,  some-> 
times  of  enormous  size  as  in  the  well  known  individuals  from 
Pope's  Mills--specimens  of  which  in  the  writer's  possession  are  6 
by  8  inches  in  thickness  and  perfect  in  form.  The  color  is  usup* 
ally  yellowish  brown,  bronzy  yellow,  and  deep  copper  red,  some^ 
times  greenish  yellow  and  rarely  white.  Its  cleavage  resembles 
that  of  muscovite,  but  the  laminae  are  not  generally  so  elastic  In 
chemical  constitution  it  is  a  distinct  compound  although  but  few 
analyses  have  yet  been  made  of  this  species.  Like  the  biotite  it 
18  remarkable  for  the  amount  of  protoxyd  bases  which  it  contains 
and  the  small  quantity  of  alumina — giving  for  the  ratio  of  the 
oxygen  of  its  protoxyds,  alumina  and  silica,  as  deduced  by  Rosei 
18  :  12  :  30  r=  1  :  3  :  1§,  (more  exactly  7:4:  II,  according  to 
Craw,)  while  in  the  mnscovites  it  is  generally  I  :  12 :  16.  Its 
localities  are  much  more  numerous  than  was  at  first  supposed ; 
they  abound  particularly  in  northern  New  York,  in  Canada,  and 
in  Morris  and  Sussex  counties  in  New  Jersey.  One  of  the 
most  noted  localities  of  this  species  is  Edwards  in  St.  Lawrence 
county,  N.  Y.,  where  it  is  found  both  colorless,  of  an  eminently 
silvery  luster,  and  also  of  a  rich  brownish  yellow  color. 

4.  Biotite. — This  species  includes  the  uniaxial  or  hexagonal  mi- 
cas. Most  of  the  varieties  of  this  species  are  of  a  dark  color— often 
black  or  greenish  black  and  transparent  only  in  very  thin  laminae. 
Owing  to  this  prevalent  dark  color  it  is  often  difficult  or  quite  impos- 
sible to  obtain  satisfactory  evidence  of  the  optical  character,  and 
there  is  little  doubt  that  some  localities  quoted  in  this  article  i^  fur- 
nishing uniaxial  micas,  should  be  in  fact  classed  among  the  phlo- 
gopites.  Only  one  American  variety  of  this  species  has  yet  been 
analyzed — viz.,  that  from  Monroe,  N.  Y.,  by  von  Kobell.  They 
are  generally  magnesian  micas  and  have  for  the  oxygen  ratio  of 
their  protoxyds,  alumina,  and  silica,  the  ratio  1  :  1  :  2  =>  &*§!  + 
fiSL  This  species  and  those  anomalous  specimens  which  are 
classed  under  it  in  the  present  article,  but  which  probably  belong 
elsewhere,  offer  interesting  subjects  for  chemical  examination. 

Beside  ihe  phloffopites  and  Uotites,  properly  so  called,  there  are 
several  micas  which  have  fallen  under  my  observation  in  this  re- 
search which  are  anomalous  in  character.  These  present  under 
the  influence  of  polarized  light  an  elliptical  colored  image,  in  which 
however  it  is  not  possible  to  bring  out  clearly  the  two  poles  of  a 
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binaxial  mica,  nor,  on  the  other  hand,  the  sjnnnietrical  croas  of 
a  uniaxial  crystal.  The  divergence  is  too  constant  and  too 
regular  to  allow  the  supposition  that  the  ellipticity  is  due  to  a 
mal-position  of  the  laminae  or  to  a  separation  between  the  thin 
plates  (remarked  on  as  a  cause  of  irregularity  in  certain  ciystab 
by  Biot).  The  divergence  of  the  axes  in  these  exceptional  cases 
is  too  decided  not  to  attract  the  attention  of  the  experienced  ob- 
server, and  stilt  these  specimens  would  probably,  by  most  persons, 
be  set  down  as  uniaxial,  especially  in  thin  plates.  Indeed  many 
phlogopites  when  viewed  in  thin  plates  appear  so  nearly  uniaxial 
as  scarcely  to  excite  attention  to  their  binaxial  character,  while  in 
plates  of  suitable  thickness  they  are  easily  measured.  Those 
doubtful  cases  now  under  consideration  are  probably  referable  to 
an  oblique  crystalline  form,  but  even  here  the  study  of  a  large 
number  of  specimens  from  the  same  locality  is  required  before 
satisfactory  inferences  may  be  drawn.  To  this  head  I  refer  the 
deep  reddish  copper-colored  mica  from  Franklin  Furnace,  Sussex 
Co.,  New  Jersey,  which  is  found  in  white  dolomite ;  also  a  mica 
of  similar  character  from  St.  Jerome,  Canada ;  and  thai,  well 
known  to  collectors,  from  Moriah  in  Essex  Co.,  N.  Y.,  which  is 
more  remarkable  than  any  I  have  seen  for  its  deep  smoky  red 
color  as  seen  by  transmitted  light  But  the  most  interesting 
8|)ecimens  of  this  sort  observed  by  me,  are  certain  lai^  crystals 
of  a  deep  olive  green  color  from  the  Yale  College  Cabinet,  and 
which  in  our  investigations  have  been  referred  to  Monoiouth, 
N.  J.,  although  their  true  locality  is  still  doubtful.  This  mica  is  in 
very  large  rhombic  crystals  oblique  from  an  obtttse  edge.  P :  M  = 
1 12^  -  1 15  JO,  M :  M  =^  122^  - 125°,  the  angle  of  the  basal  edges  is 
1 19^  30".  Plane  angle  of  P  1 19^.  It  has  a  cleavage  parallel  to  the 
longer  axis.  The  obliquity  of  the  optic  axes  appears  to  be  nearly 
as  great  as  that  seen  in  some  phlogopites  of  equal  thickness,  bat 
the  dark  color  of  the  mineral  prevents  a  satisfactory  examina- 
tion. Should  the  character  of  this  mica  be  confirmed  by  a  set  of 
good  analyses,  it  must  in  all  probabihty  form  a  distinct  species  as 
suggested  by  Dana.*  This  variety  is  not  to  be  confounded  with 
the  well  crystallized  mica  of  Greenwood  furnace  which,  as  seen 
in  ordinary  specimens,  is  oblique  from  the  acute  edge  (sections  of 
distorted  acute  rhombohedrous)  and  which  is  regarded  as  a  uni- 
axial mica. 

Etiphyllite,  margarodite  and  emerylite  have  hitherto  been 
found  in  quantities  too  inconsiderable  and  in  specimens  geneially 
too  poorly  crystallized  to  fimiish  many  measurement8.t 


•  Mineralivy.  p.  690. 

f  For  the  ivmjx^iiofi  of  these  •ipectes,  see  DaDa*s  Minenlogy,  and  also  this  rol- 
«u«>  Ji*^«  114-1  IS. 
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In  the  accompanying  tables  we  have  given  for  each  specimen 
measured,  its  locality,  color,  the  source  whence  received,  the 
angle  between  the  optic  axes,  and  other  observations  bearing  on 
their  history.  It  may  afford  a  more  correct  impression  of  the  pres- 
ent state  of  this  investigation  to  remark  that  specimens  from  over 
one  hundred  American  localities  of  mica  have  been  examined  be- 
sides a  considerable  number  of  uncertain  locality ;  and  from  many 
of  these  localities  very  numerous  specimens  have  been  measured. 
Thus  there  have  been  measured  of  muscovite  specimens  from 
about  50  localities;  of  phlogopite  over  30;  of  euphyllite  2;  of 
margarodite  I;  of  biotite  about  12,  and  of  doubtful  species 
3  or  4. 

Biotite, — The  number  of  localities  in  the  United  States  fur- 
nishing uniaxial  mica  (biotite)  has  been  constantly  diminishing 
since  the  commencement  of  these  investigations,  as  increased 
skill  in  observation  and  improved  means  of  examination  have 
shown  one  after  another  of  the  reddish  and  yellow  or  brown 
colored  micas  to  have  more  or  less  decidedly  the  characters  of 
phlogopite. 

Thus  the  dark  brown  mica  of  Pine,  the  red  micas  of  Moriah, 
of  Sterling,  of  Franklin,  and  of  Gouverneur,  have  successively 
been  thrown  out  of  the  list  of  biotiles  into  the  binaxial  species. 
Others  remain  in  doubt  as  those  of  Topsham,  Me.,  and  Easton,  Pa. 

Greenwood  Furnace^  Monroe,  Orange  County,  N.  Y.,  is  the 
locality  of  a  very  remarkable  and  perfectly  crystallized  biotite. 
It  is  figured  by  Beck,*  and  fully  described  also  by  Dana,t  and 
it  appears  to  have  been  analyzed  by  von  Kobell,J  as  quoted  by 
both  the  authors  just  cited.  The  remarks  made  on  a  previous 
page  respecting  the  equivocal  optical  character  of  some  of  the 
micas  apply  to  this  variety  also.  It  is  opake  in  plates  over 
one-twelfth  of  an  inch  thick,  but  of  rich  olive  green  in  thin 
plates. 

The  figure  of  its  rings  under  polarized  light  is  decidedly 
elliptical,  but  not  so  much  so  perhaps  as  to  require  any  other 
explanation  than  the  remark  of  Biot,  before  quoted,  respecting 
the  power  of  thin  plates  to  disturb  the  ray  and  produce  the  effect 
of  binaxial  structure  in  a  uniaxial  crystal.  The  author  has  a 
new  analysis  of  this  variety  in  progress  the  results  of  which  he 
will  present  on  a  future  occasion.  The  chemical  constitution  of 
very  few  American  biotites  has  been  examined :  indeed  the  local- 
ity just  referred  to  is  the  only  one  cited.  Von  Kobell's  result 
corresponds  with  the  formula  given  on  page  375. 

Mica  of  Monroe,  N.  Y. — This  mica  from  the  same  town  as 
the  last  is  also  uniaxial  and  gives  a  figure  almost  entirely  cir- 

•  Mia,  N.  Y.,  p.  87.  t  Min.  (I860),  860. 

X  EastoL  Archy.,  zii,  29. 
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cular.  It  is  distinguished  by  its  bronzy  lustre  and  dark  greenish 
olive  color  inclining  to  gray  or  black.  It  is  imperfectly  transpar- 
ent, having  by  transmitted  light  a  dusky  or  hazy  appearance.  It 
occurs  in  plates  of  immense  size,  which  are  marked  on  (he  cleav- 
age surfaces  with  rhombic  and  triangular  figures,  (no  distinct  lat- 
eral planes  have  however  been  found,)  as  well  as  with  transverse 
cleavage  lines.  It  is  slightly  elastic  but  very  tough.  One  speci- 
men which  the  author  has  seen  in  the  cabinet  of  Mr.  C.  BL 
Wheatley  in  New  York  is  nearly  two  feet  in  diameter.  Mr. 
Horton  of  Monroe  has  also  furnished  the  writer  with  numeroos 
very  large  specimens.  No  analysis  of  it  has  been  published^  but 
the  author  hopes  to  present  one  at  a  future  time. 

The  white  mica  of  Easton,  Pa.,  which  is  very  silvery  and 
slightly  elastic  and  opake  in  thick  plates,  is  probably  a  biotite, 
and,  excepting  the  very  similar  white  mica  of  Amity,  N.  Y.,  is 
the  only  white  uniaxial  variety  yet  noticed  in  this  country. 

The  Black  micas  are  almost  universally  referable  to  the  species 
biotite,  although  many  micas  usually  called  black  in  collections 
are  in  reality  dark  brown  and  olive  green  and  are  frequently  refer- 
able to  phlogopite.  Unfortunately  very  few  of  the  localities  of 
this  variety  of  color  found  in  cabinets  are  labelled.  I  have  one 
from  Moors  Slide  on  the  Ottawa  in  Canada,  furnished  me  by  Mr. 
Hunt  of  the  Canada  Geological  Commission.  Another  black  mica 
is  found  in  St.  Lawrence  Co.,  N.  Y.,  of  which  specimens  were  ob- 
tained by  the  author  from  the  cabinets  of  Mr.  Wheatley  and  of 
the  N.  Y.  Lyceum  in  New  York.  Two  black  micas  from  the 
Cambridge  cabinet  are  unaxial,  locality  not  known. 

Geological  relations. — It  is  worthy  of  notice  that  the  species 
muscovite  is  found  almost  entirely  in  granitic  rocks ;  in  no  instance 
as  far  as  I  have  seen,  has  a  specimen  of  this  species  been  found  in 
a  lime  rock.  On  the  other  hand,  the  phlogopites,  with  a  single 
exception,  so  far  as  has  been  ascertained,  are  found  in  limestone 
and  often  in  dolomitic  beds.  The  biotite  is  less  well  determined, 
but,  as  regards  the  black  micas,  they  are  always,  it  is  believed, 
found  in  granitic  rocks.  Thus  New  England  is  the  region  of 
muscovites,  and  northern  New  York,  New  Jersey  and  Canada, 
that  of  phlogopite.  The  few  specimens  of  muscovite  from  Sl 
Lawrence  Co.  were  obtained  from  granite  boulders.  The  only 
specimen  of  phlogopite  yet  observed  in  New  England  is  from 
Carlisle  in  Mass.,  where  also  it  is  found  in  a  limestone  vein  with 
chondrodite  and  fibrolite,  an  interesting  confirmation  of  the  sug- 
gestion here  put  forth.  Can  this  distribution  be  unconnect^ 
with  the  chemical  composition  of  the  several  compounds  ?  The 
magnesian  character  of  the  phlogopites  would  seem  to  indicate 
the  dolomitic  position  of  the  species,  while  the  absence  of  this 
element  in  the  muscovites  is  a  negative  fact  of  equal  significance. 
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The  writer  cannot  close  this  paper  without  tendering  his  thanks 
to  numerous  correspondents  who  have  in  the  kindest  manner 
responded  to  his  persevering  enquiries  for  specimens.  It  is  in- 
tended that  the  foregoing  tables  should  embrace  in  all  cases  the 
source  from  whence  the  specimens  were  obtained,  as  it  is  of  the 
greatest  importance  that  accuracy  and  authenticity  should  be  ob- 
tained in  this  particular,  for  the  sake  of  future  observers.  The 
author  retains  all  the  localities  referred  to  in  his  own  collection 
so  labelled  as  to  avoid  error,  and  they  are  at  all  times  open  to  the 
inspection  of  those  who  wish  to  examine  them."^ 


Art.  XXXVIII. — Analyses  of  Phlogopite  from  St,  Lawrence 
County^  N.  Y. ;  by  Wm.  J.  Craw,  of  the  Yale  Analytical 
Laboratory. 

Read  before  the  American  Association  for  the  Advancement  of  Science,  at  New 
Haven,  August,  1 850. 

The  mica  called  Phlogopite  has  been  analyzed  by  Meitzen- 
dorff,  in  Poggendorff's  Annalen,  volume  viii,  page  157.  An 
analysis  has  likewise  been  published  by  Svanberg,  in  the  Trans- 
actions of  the  Royal  Swedish  Academy  for  1839,  of  a  mica 
which  has  been  supposed  to  be  phlogopite,  but  as  it  does  not 
agree  in  atomic  proportions  with  that  from  New  York,  it  very 
probably  may  not  come  under  this  species. 

Meitzendorff  gives  the  following  as  the  composition  of  the 
specimen  which  he  analyzed :  it  was  from  Jeflferson  Co.,  N.  Y., 
and  probably  from  Natural  Bridge. 

Si  3tl         f  e         Mg         fc    SaAsometi    Fl        ign. 

41-80       16-35       I'll       28-79       9-70  0-66  SSO      0-28=10114 

Oxygen,  2146        717      0-53      11-31       1-65  017 

The  specimens  analyzed  by  me  were  all  from  Edwards,  St. 
Lawrence  Co.,  N.  Y.  No.  1,  had  a  deep  yellowish  brown  color, 
in  broad  plates. 

*  It  is  worthy  of  remark  that  the  species  Phlogopite  has  not  yet  been  mentioned 
as  occurring  in  Europe.  Dufrenoy f  mentions  and  figtires  micas  from  Clayette  in 
France,  another  from  the  department  of  Finistere  and  others  from  Lake  Baikal  whidi 
are  probably  to  be  referred  to  this  species,  but  no  optical  examination  appears  to 
have  been  made  of  them.  Sir  David  Brewster  quotes  a  mica  of  14°  measured  by 
him,  but  does  not  say  from  whence  he  procured  it.  Indeed  optical  observers  have 
seemed  heretofore  to  attach  no  importance  to  the  localities  of  the  specimens  meas^ 
ured  by  them,  and  hence  their  observations  are  rendered  nearly  uselesB  to  the  min- 
eralogist. It  cannot  be  doubted  that  the  limestone  rocks  of  Europe  will  supply 
many  examples  of  phlogopite.  The  author  would  take  this  opportunity  to  suggest 
that  the  liant  and  dark  greenhh  micas  of  Vemvius  are  referable  to  phlogopite  as 
he  has  satisfied  himself  from  the  examination  of  authentic  specimens  m  the  collec- 
tion of  Yale  College.    The  black  Yesuvian  micas  are  undoubtedly  uniairial 

f  Traits  de  Mm^ralogie,  iii,  p.  647»  1847,  also  Dana,  p.  859. 
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No.  2,  was  a  transparent  and  colorless  crystal  of  a  silvery  lus- 
tre; and 

No.  3,  was  a  part  of  the  same  crystal  rendered  quite  opaque 
and  silvery  by  the  absorption  of  water.  The  crystal  which  fur- 
nished Nos.  2  and  3  was  originally  6  by  8  inches  in  surface 
dimensions. 

No.  1,  gave  reactions  for  silica,  alumina,  magnesia,  potash  and 
fluorine,  with  small  quantities  of  peroxyd  of  iron  and  soda,  and 
a  doubtful  trace  of  lithia. 

Nos.  2  and  3  gave  silica,  alumina,  magnesia,  potash  and  soda, 
with  traces  of  water  and  fluorine. 

The  following  are  the  results  of  analysis : 

No.  1.  No.  2.  No.  3. 

5i  40146  40-868  4036 

XlwHhalittieFe  ir866  16460  16-084 

S[g  ■  28099  29-654  30^7 

i  10-664  1-226  6-066 

Sa  0-63  4-988  4*39 

Fl  4-202    lose  by  ign.       0-962  2*66 


Si 
& 
fig 

Sa 

The  ratios  are  respectively  1-6:1:  266 ;  1-83  :  1  :  2-73  ; 
1-87  :  1  :  2-78 ;  the  mean  of  these  is  177  :  1  :  2*69,  which 
equals  very  nearly  7  :  4  :  11,  and  corresponds  with  the  formula 
7^8  gi-j-43ti  Si.  The  equality  between  the  oxygen  of  the  silica  and 
that  of  the  bases  will  be  observed ;  and  if  6*  and  &  may  replace 
one  another,  the  formula  becomes  (ft*,  3ti)  Si,  a  common  type  among 
the  silicates. 

The  per-centage  corresponding  to  this  formula  is  as  follows, 
excluding  the  fluorine,  which  is  not  found  in  analyses  2  and  3. 
Si  £1  fig  £: 


100-996 

99-478 

99-797 

Oxygen 

Ratios. 

No.  1. 

No.  2. 

No.  3. 

20-86 

20-97 

20-97 

811 

7-69 

7-62 

1104  J 

11-61 

11-89 

l-'79[- 12-99 

1-28  ■ 

1411 

1-08   •  14-05 

016) 

1-27  ' 

118 

41-60 


16-82 


80K)1 


11-67=10000 


In  No.  1,  the  il  contains  a  small  proportion  of  Pe,  which  in- 
creases the  amount  of  oxygen  from  the  peroxyds  so  as  to  make 
the  protoxyds  and  silica  appear  smaller  in  proportion  than  they 
really  are,  and  the  determination  of  the  silica  is  also,  probably, 
somewhat  too  low. 

Meitzendorflf's  analysis  aflbrds  the  ratio  13*13  :  7*70  :  21-46; 
which  equals  17:1:  2*78,  and  corresponds  quite  closely  with  the 
ratio  7:4:11,  the  same  which  is  afforded  by  the  analyses  above. 
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The  fluorine,  however,  comes  in  as  an  important  element,  and 
one  which  it  is  somewhat  difficult  to  dispose  of,  in  a  perfectly 
satisfactory  manner. 

H.  Rose  considers  the  fluorine  to  exist  as  fluorid  of  potassium, 
and  gives  the  formula  K  Fl+(8&»  5i+2»  Si)  This  corresponds  to 
the  ratio  3:2:  6 — the  potash  being  removed  from  the  other  pro- 
toxyds,  as  a  fluorid. 

Rammelsberg  remarks  that  the  fluorine  may  be  considered  as 
silicofluorid  of  potassium;  but  Rose  is  opposed  to  this  view,  on 
the  ground  that  it  would  change  the  ratio  of  the  oxygen  in  the 
several  oxyds.  This  it  would  do,  if  it  were  considered  simply  as 
silicofluorid  of  potassium,  but  if,  in  accordance  with  the  recent 
views  of  Rammelsberg  published  in  his  last  supplement,  it  is 
taken  as  replacing  oxygen  in  the  several  compounds,  the  ratio 
will  remain  unaltered.  In  this  view,  the  formula  7lt*  Si+4£i  Si, 
represents  correctly  the  constitution  of  the  mineral,  if  we  suppose 
the  oxygen  partly  replaced  by  fluorine. 

The  apportionment  of  the  fluorine  and  oxygen  to  the  several 
compounds  is  as  follows : — 

1.  Meitzendarff^s  Mica. 


FlooriiM. 
Combbed  with  Si         1-66 

_  Oiygen  in  rendiMi. 
Bi                             20-68 

Sob. 
2283 

Al        0-60 

^        ^-^n             7-46 
Pe        0-68  ) 

8-06 

llg       0-90 

iSig     10-94) 

K         0-15 

t         1-68  \           12-68 
Sa       016 ) 

18-73 

Ratio  1-7:1:  278. 

2.  Mica  from 

Edwards.     Analysis  1. 

Fluorine. 
Combined  with  Si        2101 

Oxygen  in  residues. 

Si        19-97 

Sum. 
22071 

Al       0-764 

XI         7-79 

8-654 

Mg      1-146 
K         0-191 

Ag      10-66 

fc          1-71     12-48 

STa        016 

18-767 

Ratio  =1-6:  1:258. 

The  ratio  of  the  silico-fluorids  to  the  silicates  is  1 :  30  in  Meit- 
zendorfl^'s  analysis,  and  about  1  :  24  in  the  mica  of  Edwards ; 
according  to  the  first,  the  detailed  formula  is — 

80[7R»  Si-f  451  Si]+1[7(8R  F+Si  F«)+4(Al  F»+Si  F»)] 

and  according  to  the  second — 

24[7&»  3i+4*l  gi]+l[1(3R  F+Si  F»)+4{A1  F«+Si  F»)]. 

Analyses  2  and  3  correspond  closely  with  Meitzendorffs  in 
the  ratio,  if  this  view  of  the  fluorine  be  taken,  and  the  varieties 
with  fluorine  and  those  without,  which  are  alike  in  polarizationi 
thus  come  under  one  general  formula. 

SsooND  SsKm,  Vol  X,  Ko.  80.— Not.,  1S50.  49 
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Extracts  from  the  Proceedim^s  of  the  Twentieth  Meeting  of  the  Briiisk 
Association^  held  at  Edinburgh^  July;  1850.* 

Section  A. — Mathematical  and  Physical  Science. 

On  Atlantic  Waves^  their  Magnitude^  Velocity^  and  Phenomena;  bj 

Dr.  Scoresby. 

During  ttto  passages  across  the  Atlantic  in  1S47-8, 1  had  opportuoi- 
ties  for  investigating  certain  elements  respecting  deep-sea  waves  more 
favorable  than  had  ever  before  occurred  within  my  experience  in  dsti- 
gaiion.  These  observations,  it  should  be  noted  in  the  outset,  and  the 
results  deduced  from  them,  were  entirely  uninflenced  by,  and  separate 
from  theory.  They  form  but  a  contribution  to  this  interesting  branch 
of  natural  phenomena  ;  but  I  offer  them  the  more  readily  from  the  cir- 
cumstance of  their  entire  independency  and  speciality.  It  was  in  our 
return  voyage  from  America  that  the  highest  seas  occurred,  when  the 
circumstances  adapted  for  interesting  observations  were  singularly  fa* 
vorable;  for,  whilst  the  magnitude  and  the  peculiar  construction  of  the 
upper  works  of  the  ship— the  Hibernia — afforded  various  platforms  of 
determinaie  elevation  above  the  line  of  flotation  for  observations  on  the 
height  uf  the  waves,  the  direction  of  the  ship^s  course,  with  respect  to 
thai  of  the  waves,  was  generally  so  nearly  similar  as  to  yield  the  most 
advantageous  agreement  or  accordance  for  observations  on  their  width 
and  velocity.  These  observations  1  shall  extract,  in  their  order,  from 
my  journal  kept  during  the  homeward  passage.  My  first  observatioo 
wonh  reco.diiig  is  under  the  date  of  March  5, 1848,  when  the  ship  was 
in  latitude  about  51^,  and  longitude  (at  noon)  88^  50"  W. — the  wind 
then  being  about  W  S.W.,  and  the  ship^s  course,  true,  N.  52^  £.  At  sun- 
set of  the  4ih  the  wind  blew  a  hard  gale^  which,  with  heavy  squalls,  had 
continued  during  the  night;  so  that  all  sail  was  taken  in  but  the  storm- 
staysail  forward.  The  barometer  stood  at  29'50  at  8  p.  m.,  but  fell  so 
rapidly  as  to  be  at  28*30  by  10  the  next  morning.  In  the  aAernoon  of  this 
day  I  stood  some  time  on  the  saloon  deck  or  cuddy  roof, — a  height,  with 
the  addition  of  that  of  the  eye,  of  23  feet  3  inches  above  the  line  of 
flotation  of  the  ship, — watching  the  sublime  spectacle  presented  by  the 
turbulent  waters.  I  am  not  aware  that  I  ever  saw  the  sea  more  terribly 
magnificent.  I  was  anxious  to  ascertain  the  height  of  these  mighty 
waves ;  but  found  almost  every  wave  rising  so  much  above  the  level  of 
the  eye,  as  indicated  by  the  intercepting  of  the  horizon  of  the  sea  in 
the  direction  in  which  they  approached  us,  as  to  yield  only  the  mini- 
mum elevation,  and  to  show  that  the  great  majority  of  these  rolling 
masses  of  water  possessed  a  height  of  considerably  more  than  twenty* 
four  feet  (including  depression  as  well  as  altitude,)  or,  reckoning  from 
the  mean  level  of  the  sen,  of  more  than  twelve  feet.  Exposed  as  the 
situation  was,  I  then  adventured  to  the  larboard,  paddle-box,  which 
was  about  seven  feet  higher,  where  the  level  (as  ascertained  afterwards 
at  Liverpool,  allowance  being  made  for  the  alteration  in  the  draught  of 
water  of  the  ship,)  was  twenty>four  feet  nine  inches  above  the  sea. 

*  From  the  Athenreum,  Numbers  1189, 1190, 1191. 
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This  positioo,  with  five  feet  aix  inches,  the  height  of  my  eye,  gave  an 
elevation  altogether  of  thirty  feet  three  inches  fur  the  level  of  the  view 
then  obtained, — a  level,  it  should  be  remarked,  which  was  very  satis- 
factorily maintained  during  the  instants  of  observation,  because  of  the 
whole  of  the  ship^s  length  being  occupied  within  the  clear  *^  trough  of 
the  sea,^^  and  in  an  even  and  upright  position,  whilst  the  nearest  ap- 
proaching wave  had  its  maximum  altitude.  Here,  also,  I  found  at  least 
one  half  of  the  waves  which  overtook  and  passed  the  ship  were  far  above 
the  level  of  my  eye.  Frequently  1  observed  long  ranges  (not  acuminated 
peaks)  extending  one  hundred  yards,  perhaps,  on  one  or  both  sides  of 
the  ship, — the -sea  then  coming  nearly  right  aft, — which  rose  so  high 
above  the  visible  horizon,  as  to  form  an  angle  estimated  at  two  to  three 
degrees  (say  2^°)  when  the  distance  of  the  wave  summit  was  about 
one  hundred  yards  from  the  observer.  This  would  add  near  thirteen 
feet  to  the  level  of  the  eye.  And  this  measure  of  elevation  was  by  no 
means  uncommon,— occurring,  I  should  think,  at  least  once  in  half  a 
dozen  waves.  Sometimes  peaks  of  crossing  or  crests  of  breaking  seas 
would  shoot  upward  at  least  ten  or  fifteen  feet  higher.  The  average 
wave  was,  I  believe,  fully  equal  to  that  of  my  sight  on  the  paddle-box, 
or  more, — that  is,  ^/^  =  15  feet,  or  upwards ;  and  the  mean  highest 
waves^  not  including  the  broken  or  acuminated  crests,  about  forty  three 
feet  above  the  level  of  the  hollow  occupied  at  the  moment  by  the  ship, 
illuminated  as  the  general  expanse  not  unfrequently  was  by  the  tran- 
sient sunbeam  breaking  through  the  heavy  masses  of  the  storm-cloud, 
and  contrasting  its  silvery  light  with  the  prevalent  gloom,  yielding  a 
wild  and  partial  glare,  the  mighty  hills  of  waters  rolling  and  foaming  as 
they  pursued  us,  whilst  the  gallant  and  buoyant  ship — a  charming  **  sea- 
bout" — rose  abaft  as  by  intelligent  anticipation  of  their  attack,  as  she 
scudded  along,  so  that  their  irresistible  strength  and  fierce  momentum 
were  harmlessly  spent  beneath  her  and  on  her  outward  sides, — the 
storm,  falling  fiercely  on  the  scanty  and  almost  denuded  spars  and 
steam  chimney  raised  aloft,  still  indicated  its  vast,  but  as  to  us  innoxious, 
power,  in  deafening  roarings, — altogether  presented  as  grand  a  storm- 
scene  as  I  ever  witnessed,  and  a  magnificent  example  of  '^  the  works  of 
the  Lord,"  specially  exhibited  to  seagoing  men,  **  and  his  wonders  in 
the  deep."  In  the  afternoon  of  the  same  day  the  gale  again  increased, 
blowing,  especially  during  the  continuance  of  a  much  protracted  hail- 
shower,  terrifically, — roaring  like  thunder  whilst  we  scudded  before  it, 
causing  the  ship  to  vibrate  as  by  a  sympathetic  tremor,  and  the  tops  of 
rolling  waves,  too  tardy,  rapid  as  was  their  actual  progress,  for  the 
speed  of  the  assailing  influence,  to  be  carried  oflT  and  borne  along  on 
the  aerial  wings  in  a  perfect  drift  of  spray  I  But  during  the  period  of 
these  most  vehement  operations  of  nature,  I  was  fortunately  enabled, 
from  familiarity  with  sea  enterprise,  to  pursue  my  observations  with  en- 
tire satisfaction.  The  next  day — March  6 — added  to  the  interest  of 
these  investigations  by  developing  the  character  of  the  Atlantic  waves 
under  a  long  and  fiercely-continued  influence  of  a  little  varying  wind. 
It  had  blown  a  heavy  gale,  violent  in  the  showers,  from  the  north- west- 
ward, from  Saturday  evening  the  fourth,  to  the  evening  of  Sunday, 
from  twenty-six  to  thirty  hours ;  during  the  night,  too,  of  Sunday  it  had 
agaia  blown  hard  (abating  towards  the  morning  of  Monday),  and  mak* 
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ing  a  total  continuance  of  the  storm,  in  Us  violence^  of  about  thirty^siz 
hours*  I  renewed  my  otwenrations  on  the  waves  at  ten  a.  m. — the 
storm  having  been  then  subdued  for  several  hours,  and  the  height  of  the 
waves  having  perceptibly  subsided.  Soon  I  observed,  when  standing 
on  the  saloon*deck,  that  ten  waves,  in  one  case,  came  in  succession, 
which  all  rose  above  the  apparent  horizon,— consequently  they  roust 
have  been  more  than  twenty-three  feet,  probably  the  average  might  be 
about  twenty-six  from  ridge  to  hollow.  At  this  period  I  also  found  that 
occasionally  (that  is,  once  in  about  four  or  five  minutes,)  three  or  four 
waves  in  succession,  as  seen  from  the  paddle-box,  rose  above  the  visible 
horiKon,-^hence  they  must,  like  those  of  the  preceding  day,  have  been 
thirty  feet  waves.  But  one  important  difference  should  be  noted — vix., 
that  they  were  of  no  great  extent  on  the  ridge,  presenting,  though  more 
than  mere  conical  peaks,  but  a  moderate  elongation. 

Another  subject  of  consideration  and  invesiigaiion,  on  this  occasion, 
was  the  period  of  the  regular  waves  overtaking  the  ship,  and  the  de- 
termination, proximately,  of  the  actual  width  or  intervals,  and  their  ve> 
locity.  1.  The  ship  was  then  going  nine  knots  only,  the  free  action  of 
the  engines  being  greatly  interfered  with  by  the  heavy  sea  running,  and 
the  lines  of  direction  of  the  waves  and  the  ship^s  course  differed  about 
22^  degrees,  theses  being  two  points  on  the  larboard  quarter, — in  other 
words,  the  true  course  of  the  ship  was  east ;  the  direction yrom  whence 
the  sea  came  was  W.N.W.  2.  The  period  of  regular  waves  in  inci- 
dental series,  overtaking  the  ship,  were  observed  as  follows  :^ 

Waves.  *       Min  8«»c,  Mean. 

20  occupied  .  6  03  .  .         16"-6 

10             "  .  2  35  .  -15-5 

10            "  .  2  50  •  .17-0 

10            "  .  2  45  .  .16  -5 

8             "  .  2  16  .  .17-0 

General  average^    .         .         ,         .         .         .         16  '5 

3.  The  length  of  the  ship  was  stated  to  be  two  hundred  and  twenty  feet. 
The  time  taken  by  a  regular  wave  to  pass  from  siern  to  stem  appeared, 
on  a  mean  of  several  observations,  to  be  about  six  seconds.  Hence 
6'' :  220  feet  (the  width  passed  over  in  that  time)  : :  165  feet  to  605  feet 
(the  width  passed  over  betwixt  crest  and  crest.)  But  this  extent,  by 
reason  of  ttie  obliquity  of  the  direction  of  the  waves  to  the  course  of 
the  ship,  is  found  to  be  elongated  about  45  feet,  reducing  the  probable 
mean  distance  of  the  waves  to  five  hundred  and  fifty-nine  feel.  Inde- 
pendently of  this  process,  I  had  previously  estimated  the  distance  of  the 
wave  crests,  ahead  and  astern  when  the  ship  was  in  the  hollow,  as  I 
stood  near  the  center  of  the  ship's  length  on  the  paddle-box,  at  three 
hunclred  feet  each  way>  by  comparing  the  intervals  betwixt  my  position 
and  the  place  of  the  wave-crest,  with  the  known  length  of  the  ship. 
This  comparison  frequently  re-considered  and  repeated,  subsequently 
yielded,  in  much  accordance  with  the  former,  a  total  width,  in  the  line 

♦  The  barometer  on  Saturday,  at  8  p.  m.,  was  at  29*50 ;  at  6  a.  m.  of  Snnday  it  liad 
fallen  to  28*30,  being  12  inchej*  in  ten  hours.  At  6  p.  m.  of  the  latter  day  it  }md  risen 
to  80*00  inches. 
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of  the  ship's  course,  of  about  six  hundred  feet.  4.  But  the  total  dis- 
tanee  betwixt  the  crests  of  two  waves,  then  reckoned  at  five  hundred 
and  fifiy  feet,  a  distance  passed  by  the  wave  in  16*5  seconds  of  time,  by 
00  means  indicates,  it  is  obvious,  the  real  velocity  of  the  wave,  as  the 
ship  meanwhile  was  advancing  nearly  in  the  same  direction  at  the  rate 
of  nine  knots,  that  is,  nine  geographical  miles,  or  (6,075-6  feet  X  9  =) 
54,680-4  feet  per  hour,  or  15*2  feet  per  second.  During  the  lime, 
therefore,  of  a  wave  passing  the  ship  =  16'5",  the  ship  would  have  ad- 
vanced  on  its  course  15*5  X  15*2  =  2506  feet.  Reducing  this  for  the 
obliquity  of  two  points  we  have  281*5  feet  to  be  added  to  the  former 
measure,  (i\e  hundred  and  fifty  nine  feet,  which  gives  790*5  feet  for  the 
actual  distance  traversed  by  the  wave  in  16-5  seconds  of  time,  being  at 

the  rate  of  l^fi^'X^90;b\  j^^j.^  ^^^^  ^^  32-67  English  stat- 
ute miles  per  hour.  To  know  how  far  this  result  is  but  proximate,  it 
should  be  considered  that,  of  the  several  elements  employed  in  the  cal- 
culation, all  but  one  might  be  deemed  accurate.  The  interval  of  time 
occupied  by  the  transit  of  a  wave  with  respect  to  the  position  of  the 
ship,  the  direction  of  the  ship's  motion  with  relation  to  that  of  the 
waves,  and  the  speed  of  the  ship  through  the  water, — may  all  be  re- 
corded as,  essentially,  accurate.  The  element  in  doubt  is  that  of  the 
average  distance  from  summit  to  summit  of  the  waves.  This  distance, 
it  has  been  seen,  was,  by  a  twofold  process  of  observation  or  compari- 
son accordantly  assumed.  The  value  of  the  judgment  derived  from 
rapid  comparison  of  measures  by  an  eye  accustomed  to  such  estimations 
is,  it  should  be  observed,  far  higher  than  might  be  generally  considered. 
The  practical  military  commander  or  engineer  officer  is  able  to  make, 
by  mere  inspection  of  the  ground  before  him,  remarkably  close  esti- 
mates of  spaces  and  distances.  When  engaged  in  the  Arctic  whale  fish- 
ery, I  was  enabled,  from  habit  and  comparison  of  unmeasured  spaces  with 
known  magnitudes,  to  estimate  certain  distances  with  all  but  perfect  ac- 
curacy. Thus,  as  to  a  circumstance  in  which  we  were  most  deeply  in* 
terested — the  near  approach  of  a  boat  to  a  whale — 1  found  it  quite 
practicable,  whenever  the  pursuing  boat  approached  within  twice  or 
thrice  its  length  (except  when  the  position  was  near  end  on)  to  estimate 
the  distance  to  less  than  a  yard.  Now,  the  means  of  comparison  by 
the  eye  as  to  the  estimation  of  the  breadth  of  the  Atlantic  waves,  was 
that  of  the  ship's  length  of  220  feet.  When  the  ship  was  fairly  in  the 
middle  of  the  depression  betwixt  two  waves  it  was  assumed,  with  re- 
ference to  this  known  measure,  that  something  obviously  less,  but  not 
greatly  so,  than  the  ship's  length,  was  the  distance  of  each  of  the  two 
waves  then  contemplated — giving  a  total  width  of  about  six  hundred 
feet.  But  the  comparison  of  the  time  required  by  a  wave  to  pass  from 
stem  to  stern,  with  the  average  time  of  transit  of  an  entire  wave, 
yielded  a  much  better  result ;  and,  on  much  consideration  of  the  sub- 
ject, I  am  inclined  to  believe  that  the  estimate  is  a  tolerably  close  ap- 
proximation to  the  truth.  It  should  be  observed,  too,  that  as  the  head- 
way of  the  ship,  in  the  direction  of  the  course  of  the  wave — being  a 
known  quantity — it  was  favorable  to  the  accuracy  of  the  estimate. 
For,  assuming  an  error  io  the  width  of  the  waves  to  have  occurred,  say 
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to  the  amount  of  one*twelf\h  of  the  whole,  or  forty-nine  feet — the  effect 
upon  the  calculated  velocity  of  the  wave  would  have  been  only  about 
a  sixteenth,  or  2*16  miles  per  hour.  The  form  and  character  of  these 
deep-sea  waves  became  at  the  same  time  interesting  subjects  of  obser- 
vation and  consideration.  In  respect  to  form,  we  have  perpetual  modi- 
fications and  varieties,  from  the  circumstance  of  the  inequality  of  op- 
eration of  the  power  by  which  the  waves  are  formed.  Were  the  wind 
perfectly  uniform  in  direction  and  force,  and  of  sufficient  continuance, 
we  might  have  in  wide  and  deep  seas,  waves  of  perfectly  regular  form- 
ation. But  no  such  equality  in  the  wind  ever  exists.  It  is  perpetually 
changing  its  direction  within  certain  limits,  and  its  force  too,  both  in  the 
same  place  and  in  proximate  quarters.  Innumerable  disturbing  influ- 
ences are  therefore  in  operation  generating  the  varieties  more  or  less 
observable  in  natural  sea  waves.  In  regard  to  my  own  obsenratioos  of 
the  actual  forms  of  waves,  nothing  particularly  new  could  be  expected 
from  an  inquiry  of  this  kind  in  regard  to  phenomena  falling  within  tbe 
perpetual  observation  of  sea-going  persons ;  yet,  at  the  risk  of  stating 
what  might  be  deemed  common,  I  will  venture  to  transcribe  from  my 
notes  made  with  the  phenomena  before  me,  the  leading  characteristics 
which  engaged  my  attention.  During  the  height  of  the  gale  (March 
6th)  the  form  of  the  waves  was  less  regular  than  after  the  wind  had, 
for  some  time,  begun  to  subside.  Though  in  many  cases  when  the  sea 
was  highest  the  succession  of  the  primary  waves  was  perfectly  distinct, 
it  was  rather  difficult  to  trace  an  identical  ridge  for  more  than  a  quarter 
to  a  third  of  a  mile.  The  grand  elevation  in  such  case  sometimes  ex- 
tended by  a  straight  ridge  or  was  sometimes  bent  as  of  a  crescent  form, 
with  the  central  mass  of  water  higher  than  the  rest,  and,  not  unfrequently, 
with  two  or  three  semi-elliptical  mounds  in  diminishing  series,  on  either 
side  of  the  highest  peak.  These  principal  waves,  too,  it  should  be 
noted,  were  not  continuously  regular,  but  had  embodied  in  their  general 
mass  many  minor,  secondary  and  inferior  waves.  Neither  did  the 
great  waves  go  very  prevalently  in  long  parallel  series  like  those  re- 
tarded by  shallow  water  on  approaching  the  shore ;  but  every  now  and 
then  changed  into  a  bent  cuneiform  crest  with  breaking  acuminating 
peaks.  On  the  following  morning  (March  7,)  af\er  a  second  stormy 
night,  wind  S.S.W.  (fine),  we  had  a  heavy  and  somewhat  cross  sea 
(from  the  change  of  wind  from  W.S.W.  to  S.S.W.).  But  the  almost 
unabated  magnitude  of  the  more  westerly  waves  indicated  a  continu- 
ance of  the  original  wind  at  some  distance  astern  of  us.  The  gale  had 
moderated  at  daylight,  and  the  weather  became  fine  ;  but  as  the  sea  still 
kept  high,  its  undulations  became  more  obvious  and  easily  analyzed. 
At  three  in  the  afternoon,  when  about  a  third  part  of  the  greater  undu- 
lations averaged  about  twenty-four  feet  from  crest  to  hollow,  in  height, 
these  higher  waves  could  be  traced  right  and  lef\  as  they  approached 
the  ship  to  the  extent  of  a  quarter  of  a  mile  on  an  average,  more  or 
less.  Traced  through  their  extent  the  ridge  was  an  irregular  round- 
backed  hill,  precipitous  oAen  on  the  leeward  side.  The  undula- 
tions, indeed,  as  to  primary  waves,  consisted  mainly  of  these  round- 
backed  masses,  broken  into  or  modified  by  innumerable  secondary  and 
smaller  waves  within  their  general  body.  The  time  in  which  these 
waves  passed  the  ship  was  now,  on  an  average,  about  fifteen  seconds, 
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the  ship^s  speed  being  increased  from  nine  to  eleven  knots,  and  the  ob« 
liquity  of  the  ship^s  course  to  the  direction  pursued  by  the  waves  was 
three  points.  On  the  9th,  two  days  after  the  above  condition  of  the 
waves — whilst  the  sea  yet  ran  high — few  waves  could  be  traced,  con- 
tinuously, above  three  hundred  or  fbur  hundred  yards  in  extent  along 
the  same  ridge.  The  crests  oHen  curled  over,  but  none  so  as  to  reach 
the  height  of  a  thirty  feet  wave,  and  broke  for  a  wide  space,  estimated 
at  fifty  to  one  hundred  yards  in  continuity. 

Miscellaneous  Notes  and  Suggestions. — The  mode  adopted  in  these 
researches  of  finding  the  height  of  waves  is,  I  believe,  quite  satisfactory, 
and,  observed  with  care  and  with  relation  to  numbers  or  proportion  of 
waves,  as  accurate  as  need  be.  The  depression  of  the  horizon  in  re- 
spect to  the  elevation  of  the  observer  is  too  small  to  form  even  a  cor- 
rection. As  the  horizon  from  the  paddle-box  ^  =  15  feet,  had  only  a 
depression  of  3'  49",  the  distance  of  the  visible  horizon,  as  seen  from 
this  elevation,  would  be  4*45  statute  miles,  and  the  actual  depression  in 
feet  due  to  the  distance  of  the  summit  of  the  wave  when  the  ship  was 
in  the  midst  of  the  hollow,  could  only  be  018  foot  or  2*16  inches. 
Other  modes  of  determining  the  width  of  a  wave— or  the  extent  betwixt 
summit  and  summit — much  preferable  to  that  described  (the  only  avail- 
able one  I  could  devise)  might  easily  be  adopted  where  the  manage- 
ment of  the  ship  was  in  the  hands  of  the  observer.  In  steam  ships  the 
simplest  mode  for  hi|{h  seas,  perhaps,  would  be,  altering  the  speed  of 
the  ship  when  going  in  the  direction  of  the  wave  or  against  the  wave ; 
the  ratios  of  the  time  of  transit  of  wave-crests,  under  difierent  rates  of 
sailing  of  the  ship  might  yield  results  very  close  to  the  truth.  In  mod- 
erate sized  waves  the  plan  adopted  by  Capt.  Stanley — whose  observa- 
tions I  met  with  before  this  meeting — seem  satisfactory.  But  in  calms, 
or  moderate  weather  after  a  storm, — that  is,  for  the  determination  of 
the  velocities  of  less  elevated  waves — a  variety  of  processes  might  be 
available. 

The  author  referred,  in  conclusion,  to  the  forms  of  wave  crests,  and 
heights,  modified  by  crossings,  interferences,  and  reflections. 

On  Metallic  Reflection ;  by  Prof.  G.  G.  Stokes. 

The  efiect  which  is  produced  on  plane-polarized  light  by  reflex- 
ion at  the  surface  of  a  metal  shows  that  if  the  incident  light  be  supposed 
to  be  decomposed  into  two  streams,  polarized  in  and  perpendicularly  to 
the  plane  of  reflexion  respectively,  the  phases  as  well  as  the  intensities 
of  the  two  streams  are  diflerently  aflected  by  the  reflexion.  It  remains 
a  question  whether  the  phase  of  vibration  of  the  stream  polarized  in  the 
plane  of  reflexion  is  accelerated  or  retarded  relative  to  that  of  the 
stream  polarized  perpendicularly  to  the  plane  of  reflexion.  This  ques- 
tion was  first  decided  by  the  Astronomer  Royal,  by  means  of  a  phe- 
nomenon relating  to  Newton's  rings,  when  formed  between  a  speculum 
and  a  glass  plate.  Mr.  Airy's  paper  is  published  in  the  Cambridge 
Philosophical  Transactions.  M.  Jamin  has  since  been  led  to  the  same 
result,  apparently  by  a  method  similar  in  principle  to  that  of  Mr.  Airy. 
In  repeating  Mr.  Airy's  experiment,  the  author  experienced  consider- 
able difficulty  in  observing  the  phenomenon.  The  object  of  the  present 
communication  was  to  point  out  an  extremely  easy  mode  of  deciding 
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the  questioD  experimentally.  Light  polarized  at  an  azirauth  of  about 
45^  to  the  plane  of  reflection  at  the  surface  of  the  metal  was  trans- 
mitted, after  reflexion,  through  a  plate  of  Iceland  spar  cut  perpendicu- 
lar to  the  axU,  and  analyzed  by  a  Nicols^s  prism.  When  the  angle  of 
incidence  was  the  smallest  with  which  the  observation  was  practicable, 
on  turning  the  Nicol8^s4)rism  properly  the  dark  cross  was  formed  alonott 
perfectly ;  but  on  increasing  the  angle  of  incidence,  it  passed  into  a 
pair  of  hyperbolic  brushes.  This  modification  of  the  rings  was  de- 
scribed and  figured  by  Sir  D.  Brewster,  in  the  Philosophical  Transac- 
tions for  1830.  Now,  the  question  at  issue  may  be  immediately  de- 
cided by  observing  in  which  pair  of  opposite  quadrants  it  is  that  the 
brushes  are  formed.  In  this  way  the  author  was  led  to  Mr.  Airy's  re- 
sult, namely,  that  as  the  angle  of  incidence  increases  from  zero,  the 
phase  of  vibration  of  light  polarized  in  the  plane  of  incidence  is  re- 
tarded  relatively  to  that  polarized  in  a  plane  perpendicular  to  the  plaiM 
of  incidence. 

On  a  Fictitious  Displacement  of  Fringes  of  Interference ;  by  Prof.  G. 

0.  Stokes. 

The  author  remarked  that  the  mode  of  determining  the  refractive  in- 
dex of  a  plate  by  means  of  the  displacement  of  a  system  of  interfer- 
ence fringes,  is  subject  to  a  theoretical  error,  depending  upon  the 
dispersive  power  of  the  plate.  It  is  an  extremely  simple  consequence 
(as  the  author  showed)  of  the  circumstance  that  the  bands  are  broader 
for  the  less  refangible  colors,  that  the  point  of  symmetry,  or  nearest  ap- 
proach to  symmetry,  in  the  system  of  displaced  fringes,  is  situated  in 
advance  of  the  position  calculated  in  the  ordinary  way  for  rays  of  mean 
refrangibility.  Since  an  observer  has  no  other  guide  than  the  symme- 
try of  the  bands  in  fixing  on  the  center  of  the  system,  he  would  thus  be 
led  to  attribute  to  the  plate  a  refractive  index  which  is  slightly  too  great 
The  author  has  illustrated  this  subject  by  the  following  experiment: — 
A  set  of  fringes  produced  in  the  ordinary  way  by  a  flat  prism  were 
viewed  through  an  eye- piece,  and  bisected  by  its  cross  wires.  Oa 
viewing  the  whole  through  a  prism  of  moderate  angle,  held  in  front  of 
the  eye-piece  with  its  edge  parallel  to  the  fringes,  an  indistinct  pris- 
matic image  of  the  wires  was  seen,  together  with  a  distinct  set  of 
fringes,  which  lay  quite  at  one  side  of  the  cross  wires,  the  dispersion 
produced  by  the  prism  having  thus  occasioned  an  apparent  displace- 
ment of  the  fringes  in  the  direction  of  the  general  deviation. 

On  the  Refractive  Indices  of  several  Substances ;  by  the  Rev.  Prof. 

Powell. 
Having  on  former  occasions  endeavored  to  extend  the  list  of  observed 
indices  for  the  standard  rays  of  the  solar  spectrum  given  by  prisms  of 
different  media,  by  means  of  an  apparatus  described,  along  with  the 
statement  of  the  results,  in  my  report  to  the  British  Association,  1639, 
I  now  beg  to  ofl^er  to  the  Association  the  indices  in  like  manner  obtained 
for  the  four  following.  The  rai%  oil  of  spikenard  1  received  through  a 
friend  from  the  late  Mr.  Hatchett,  by  whom  it  was  carefully  prepared, 
perfectly  pure;  for  the  other  three  I  am  indebted  to  Mr.  N.  S.  Maske- 
lyne.  The  results  in  each  case  are  the  mean  of  several  repetitioos.  la 
two  instances  (the  oils  of  lavender  and  saadal  wood)  the  abaorptioo  of 
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the  violet  rays  (as  in  so  many  other  oils)  was  such  as  to  render  the  line 
H  very  indistinct;  its  index  is  therefore  marked  as  doubtful. — 


XXDIUM. 

M  for  the  the  Standard  Rays. 
-        .                                    * 

B 

0 

D 

E 

F 

G 

H 

Oil  of  Spikenard, 
Temp.  22  deg.  Centig. 

1-4782 

1-4746 

1-4788 

1-4829 

1-4868 

1-4944 

1-6009 

Oa  of  Sandal  Wood, 
Temp.  20  deg.  Centig. 

1-5084 

1-6068 

1-5091 

1-5117 

1-6161 

1-5281 

1-5898? 

Oil  of  Lavender, 
Temp.  20  deg.  Centig. 

1-4641 

1-4668 

1-4660 

1-4728 

1-4760 

1-4887 

l-4930t 

Benzole, 
Temp.  18  deg.  Centig. 

1-4896 

1-4961 

1-4978 

•1-5041 

1-5098 

1-5206 

1-6810 

In  my  report  (1889),  I  stated  the  impossibility  of  obtaining  measures  in 
chromate  of  lead  from  the  absence  of  all  appearance  of  lines,  and  the 
entire  absorption  of  the  blue  and  violet  portion  of  the  spectrum.  I  have 
since  thought  that  in  the  absence  of  any  determinations  of  the  kind  it 
might  not  be  useless  to  give  the  very  rough  estimates  which  my  former 
attempts  enable  me  to  obtain  by  means  of  the  absorption  of  blue  glass, 
which  gave  a  point  roughly  corresponding  to  about  B,  another  to  D,  and 
the  extreme  green  space  visible  might  be  about  E.  The  most  refracted 
of  the  two  spectra  (given  by  the  double  refraction  of  the  substance) 
was  the  worst  defined,  and  in  this  the  part  corresponding  to  D  is  ex- 
tremely uncertain.  The  mean  of  two  sets  of  observation  was  as  fol- 
lows : — Prism  of  chromate  of  lead,  axis  of  prism  perpendicular  to  axis 
of  crystal,  mean  angle  obtained  by  reflexion  and  by  measurement  =: 
14*  nearly. — 


Ray. 
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While  upon  the  subject,  I  may  be  allowed  to  remark,  that  as  attempts 
are  now  making,  with  so  much  promise,  for  procuring  optical  glass  of  a 
superior  quality,  it  would  be  highly  interesting  if  specimens  were  cut 
into  prisms  (portions  of  half  an  inch  cube,  or  even  less,  will  do,  and 
two  sides  only  need  be  polished,  containing  an  ansle  of  about  60*)i  ao 
as  to  subject  the  glass  to  the  very  delicate  lest  of  the  viaibility  of  the 
finer  lines  of  the  spectrum.  I  have  reason  to  think  that  working  optic* 
ians  are  not  generally  aware  that  in  many  specimens,  apparently  very 
dear^  only  a/fto  of  the  broader  lines  can  be  seen  and  very  often  none ; 
in  Fraunhofer's  glass  nearly  six  hundred  were  visible. 

On  the  Magneto-optic  Properties  of  Crystals^  mid  the  Relation  of 

Magnetism  and  Diamagnetism  to    Molecular  Arrangement;   by 

Messrs.  J.  Ttndall  and  HxRMAJfii  Knoblauch. 

During  the  investigation  carried  on  more  than  one  hundred  natural 
crystals  had  been  examined.    The  resultf  were  tbui  briefly  summed 
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up : — We  have  on  the  one  side  four  new  forces  aesunied, — the  optic  at- 
tractive force  and  the  optic  repulsive  force,  the  magno*crystailic  force  and 
the  magneto*cry8taHic  force;  and  on  the  other  side  no  new  force  what- 
ever, but  simply  that  modification  of  existing  forces  which  we  have  named 
electro- polarity.  By  attention  to  the  compression  of  amorphous  bodies, 
every  single  experiment  cited  in  proof  of  these  four  forces  can  be  repro- 
duced. Exactly  the  same  can  he  exhibited  with  wax,  dough,  artificial 
layers,  gutta  percha  and  ivory.  The  alternative  then  appears  to  be  either 
to  explain  the  action  of  these  substances  by  the  assumption  of  optic  and 
crystullic  forces,  or  to  explain  magno-crystallic  action  by  electric  polarity. 
This  paper  gave  rise  to  a  very  animated  discussion. — The  President 
said,  that  although  he  was  ready  to  admit  that  Mr.  TyodalPs  theory  was 
most  ingenious,  and  the  arguments  and  experiments  by  which  he  sus- 
tained his  views  were  apparently  well  conceived  and  sound,  yet  time 
must  be  given  to  weigh  them  well  before  a  satisfactory  conclusion 
could  be  reached. — Prof.  Thomson  thought  that  Mr.  Tyndall's  views 
would  be  found  to  be  sut>stantially  consonant  with  Dr.  Faraday's  and  the 
theory  of  Poisson. 

On  the  Polarizing  Structure  of  the  Eye ;  by  Sir  D.  Bsewstee. 
The  author  said  that  when  he  sat  down  to  this  paper  he  was  noC 
aware  that  Prof  Stokes  was  intending  to  make  the  communicatioo 
which  was  placed  next  on  the  list — as  his  was  an  attempt  to  account  by 
the  polarizing  structure  of  the  eye  for  the  phenomena  of  Haidinger's 
brushes,  which  would  be  referred  to  them  immediately  by  Mr.  Siokes. 
He  would,  therefore,  confine  himself  to  showing  that  the  eye  contained 
within  itself  amply  sufficient  to  account  for  the  plienoroeooo,  because 
constituting  the  eye  itself  an  ever  ready  polariscope  or  analyzer  of  po- 
larized light. — He  proceeded  by  diagrams  to  show  that  the  crystalline 
lens  of  the  eye,  its  posterior  enclosing  membrane,  with  the  concave 
parallel  membranes  immediately  in  front  of  the  retina,  which  together 
acted  similarly  to  a  number  of  water  crystals  placed  one  within  the  other, 
constituted  a  polarizing  apparatus,  which  by  analyzing  the  polarized 
light  from  the  blue  sky,  would  give  two  blue  skies,  bounded  by  hyper- 
bolic curves,  with  an  interposed  space  of  a  yellow  of  the  third  order, 
or  a  brownish  yellow,  which  would  constitute  the  brushes,  or  boucbals, 
of  Haidinger.  One  only  difficulty  still  confronted  him  in  this  explana- 
tion, viz.,  that  it  ought  to  turn  round  the  brush  45'  from  the  plane  of 
polarization, — in  which  plane,  on  the  contrary,  the  brush  was  found  to 
arrange  itself. 

On  Haidinger^i  Brushes ;  by  Prof.  G.  G.  Stokes. 
It  is  now  several  years  since  these  brushes  were  discovered,  and  they 
have  since  been  observed  by  various  philosophers ;  but  the  author  has 
not  met  with  any  observations  made  with  a  view  of  investigating  the 
action  of  different  colore  in  producing  the  brushes.  The  author's  at- 
tention was  firet  called  to  the  subject  by  observing  that  a  green  tourma- 
line which  polarized  light  very  imperfectly  enabled  him  to  see  the 
brushes  distinctly,  while  he  was  unable  to  make  them  out  with  a  browo 
tourmaline  which  transmitted  a  much  smaller  quantity  of  unpolarized 
light    He  then  tried  the  efibct  of  combining  various  colored  glaaws 
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with  a  Nicols^s  prism.  A  red  glass  gave  no  trace  of  brushes.  A 
brownish  yellow  glass,  which  absorbed  only  a  small  quantity  of  light, 
rendered  the  brushes  very  indistinct.  A  green  glass  enabled  the  author 
to  see  the  brushes  rather  more  distinctly  than  they  were  seen  in  the 
light  of  the  clouds  viewed  without  a  colored  glass.  A  deep  blue  glass 
gave  brushes  of  remarkable  intensity,  notwithstanding  the  large  quan- 
tity of  light  absorbed.  With  the  green  and  blue  glasnes  the  brushes 
were  not  colored,  but  simply  darker  than  the  rest  of  the  field.  To  ex* 
amine  still  further  the  office  of  the  different  colors  in  producing  the 
brushes  seen  with  ordinary  daylight,  the  author  used  a  telescope  and 
prism,  mounted  for  showing  the  fixed  lines  of  the  spectrum.  The  sun's 
light  having  been  introduced  into  a  darkened  room  through  a  narrow 
slit,  it  was  easy,  by  throwing  the  eye-piece  a  little  out  of  focus,  to  form 
a  pure  spectrum  on  a  screen  of  white  paper  placed  a  foot  or  two  in  front 
of  the  eye-piece.  On  examining  this  spectrum  with  a  Nicols's  prism, 
which  was  suddenly  turned  round  from  time  to  time  through  about  a 
right  angle,  the  author  found  that  the  red  and  yellow  did  not  present  the 
least  trace  of  brushes.  The  brushes  besan  to  be  visible  in  the  green, 
about  the  fixed  line  E  of  Fraunhofer.  They  became  more  distinct  on 
passing  into  the  blue,  and  were  particularly  strong  about  the  line  P. 
The  author  was  able  to  trace  them  almost  as  far  as  the  line  G  ;  and 
when  they  were  no  longer  visible  the  cause  appeared  to  be  merely  the 
feebleness  of  the  light,  not  the  incapacity  of  the  greater  part  of  the 
violet  to  produce  them.  With  homogeneous  light,  the  brushes,  when 
they  were  formed  at  all,  were  simply  darker  than  the  rest  of  the  field, 
and  as  might  have  been  expected  did  not  appear  of  a  difierent  tint  la 
the  blue,  where  the  brushes  were  most  distinct,  it  appeared  to  the  au- 
thor that  they  were  somewhat  shorter  than  usual.  These  observations 
account  at  once  for  the  color  of  the  brushes  seen  with  ordinary  daylittht* 
Inasmuch  as  no  brushes  are  seen  with  the  less  refrangible  colors,  and 
the  brushes  seen  with  the  more  refrangible  colors  consist  in  the  with- 
drawal of  a  certain  quantity  of  light,  the  tint  of  the  brushes  ought  to  be 
made  up  of  red,  yellow,  and  perhaps  a  little  green,  the  yellow  predom- 
inating, on  account  of  its  greater  brightness  in  the  solar  spectrum. 
The  mixture  would  give  an  impure  yellow,  which  is  the  color  observed. 
The  bluenessof  the  side  patches  may  be  merely  the  efiect  of  contrast, 
or  the  cause  may  be  more  deeply  seated.  If  the  total  illumination  per- 
ceived be  independent  of  the  brushes,  the  light  withdrawn  from  the 
brushes  must  be  found  at  their  sides,  which  would  account,  independ- 
ently of  contrast,  both  for  the  comparative  brightness  and  for  the  blue 
tint  of  the  side  patches.  The  observations  with  homogeneous  light  ac- 
count likewise  for  a  circumstance  with  which  the  author  has  been  struck, 
namely,  that  the  brushes  were  not  visible  by  candle-light,  which  is  ex- 
plained by  the  comparative  poverty  of  candle-light  in  the  more  refran- 
gible rays.  The  brushes  ought  to  be  rendered  visible  by  abKorbing  a 
certain  quantity  of  the  less  refrangible  rays,  and  accordingly  the  author 
found  that  a  blue  glass  combined  with  a  Nicola's  prism  enabled  liim  to 
see  the  brushes  very  distinctly  when  looking  at  the  flame  of  a  candle. 
The  specimen  of  blue  glass  which  showed  them  best,  which  was  of  a 
tolerably  deep  color,  gave  brushes  which  were  decidedly  red,  and  were 
only  comparatively  dark,  so  that  the  difference  of  tint  between  the 
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brushes  and  side  patches  was  far  more  conspicuoas  than  the  differ- 
ence of  intensity.  This  is  accounted  for  by  the  large  quantity  of  extreme 
red  rays  which  such  a  glass  transmits.  That  the  same  glass  gave  red 
brushes  with  candle-light  and  dark  brushes  with  dayKght,  is  accounted 
for  by  the  circumstance  that  the  ratio  which  the  intensity  of  the  trans- 
mitted red  rays  bears  to  the  intensity  of  the  transmitted  blue  rays,  is  far 
larger  with  candle-light  than  with  daylight 

On  the  Six  Climates  of  Franu ;   by  Dr.  Martins. 

Dr.  Martins  commenced  by  stating  that  France  partook  of  the  cli- 
mates both  of  continental  and  sea-girt  countries.  He  wished  at  pres- 
ent to  consider  six  climatorial  subdivisions,  viz. — 1.  The  northeast  or 
Vosgien. — 2.  The  northwest  or  Sequanien. — 3.  That  of  the  west  or 
Armoricain. — 4.  The  southwest  or  Girondin. — 5.  The  southeast  or 
Rhodanien. — 6,  and  finally,  the  Mediterranean  or  Proven9al  climate. 
Upon  each  of  these  subdivisions  he  enlarged ;  detailing  the  features 
of  the  country,  the  rivers,  mountain-ranges,  sea-coasts,  geological  struc- 
ture, differences  of  level,  and  state  of  cultivation  in  each  case,  with 
the  prevailing  and  most  important  features  in  the  actual  climate  of  each. 
Dr.  Martins  exhibited  a  map  of  Prance  with  these  six  regions  distin- 
guished. He  stated  that  hitherto  the  labors  of  the  meteorologists  of 
France  had  no  channel  of  publicity  at  their  command,  but  that  a  jour- 
nal devoted  exclusively  to  meteorology  was  about  to  be  established. 

Mr.  Ronalds  inquired  whether  the  state  of  the  dew  point  had  been 
attended  to  in  this  classification,  as  in  his  opinion  that  was  one  very 
important  element. — Dr.  Martins  replied  that  it  had  been  carefully  attend- 
ed to. — The  Astronomer  Royal  inquired  whether  the  difference  of  cli- 
mate during  the  day  and  during  the  night,  that  of  the  summer  as  distin- 
guished from  the  winter^  had  been  attended  to,  as  his  experience  led 
him  to  know  that  most  important  distinctions  existed  between  these. — 
Mr.  R.  Russell  added  his  testimony  to  the  same  effect;  and  said,  that 
in  an  agricultural  point  of  view  mean  temperatures  were  not  so  im- 
portant as  was  usually  supposed.  Along  the  west  coast  it  was  now 
found  that  the  maximum  for  the  summer  or  ripening  portion  of  the 
year  was  of  much  greater  importance  to  the  agriculturist  than  the 
mean. — Sir  D.  Brewster  said  that  means  were  not  to  be  neglected,  for 
it  had  been  well  established  that  unless  the  mean  rose  in  the  season 
that  might  be  characterized  as  the  vegetating  season  to  at  least  58**,  it 
was  not  found  to  be  favorable  ;  but  of  course  he  did  not  mean  to  say 
that  the  rising  of  the  mean  of  the  hot  season  above  this,  or  the  falling 
of  the  cold  jnuch  below  it,  were  not  important  and  to  be  attended  to. 

On  Hourijf  Meleor^l^gicai  Observations  made  at  Thibet^  at  an  eiera- 
tion  of  18,400 /cc<;  by  Lieut.  Strachbt,  R.E. 

Great  interest  attached  to  these  observations  from  their  having  been 
made  during  twenty-four  hours  at  an  elevation  so  seldom  attained  by 
man,  and  qtiife  above  the  clouds  and  most  ordinary  disturbing  influen- 
ces, and  with  a  barometer  pressure  somewhere  about  fourteen  inches  of 
mercury.  The  chief  result  was  that  the  curves  followed  very  nearly 
jthe  same  changes  as  they  were  observed  to  do  in  the  lower  regions. 
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Col.  Sykes  went  somewhat  into  detail  regarding  these  and  other  ob- 
servations of  Lieut.  Strachey,  in  the  course  of  which  he  stated  that 
the  formula  of  Dr.  Apjohn  for  the  reduction  of  the  wet  and  dry  bulb 
hygrometers  was  found  to  be  quite  inapplicable  to  Indian  climates;  the 
dry  bulb  being  lowered  in  its  indications  by  the  proximity  of  the  wet, 
and  the  wet  bulb  collecting  and  retaining  a  wet  atmosphere  of  its  own 
whose  temperature  it  gave, — not  that  which  it  would  attain  at  the  low- 
est were  this  atmosphere  continually  removed ;  one  consequence  of 
which  was  great  discrepancy  of  result  according  to  the  part  of  a  room 
in  which  it  was  placed. — Lieut  Strachey  corroborated  this,  and  said  he 
had  found  the  numerical  coefficients  of  Mr.  Glaisher,  which  varied  with 
the  temperature,  and  which  that  gentleman  had  tabulated,  much  more 
applicable  to  Indian  hygrometry. 

Col.  Sykes  then  gave  a  brief  account  of  several  storms  of  hail  which 
had  occurred  in  India,  collected  from  various  sources  by  Dr.  Buist. 
The  weight  of  some  of  these  masses  of  ice  was  over  fourteen  pounds. 
Many  of  them  under  a  rough  external  coat  contained  clear  ice  within, 
and  with  that  peculiar  radiated  structure  which  he  had  elsewhere  de- 
scribed. Immense  aggregated  masses  of  these  great  hailstones  were 
in  some  places  brought  down  from  the  mountain  ravines  by  the  suc- 
ceeding torrents,  and  in  one  of  these  conglomerations  a  snake  was 
found  frozen  up  and  apparently  dead,  but  it  soon  thawed  and  revived. 

On  the  Causes  of  the  Rise  of  the  Isothermal  Lines  in  the  Winters  of 
the  Northern  Hemisphere;  by  Mr.  T.  Hopkins. 

Mr.  Hopkins  examined  some  of  the  isothermal  lines  exhibited  in  the 
maps  recently  constructed  by  Prof.  Dove,  and  objected  to  the  theory 
which  is  put  forward  to  account  for  the  irregular  rise  of  the  winter  iso- 
thermals  in  the  northern  Pacific,  Atlantic  and  Arctic  Oceans  through 
the  warming  influence  of  the  water  of  these  oceans.  But  if  neither 
the  proportional  extent  of  the  surface  of  the  sea,  as  compared  with  the 
land,  nor  the  flow  of  a  warm  current  of  water  carries  high  temperature 
to  these  northern  latitudes,  what  is  the  cause  of  such  temperature  being 
found  there?  A  reply  is  prepared  by  Prof.  Dove  himself,  where  he 
says, — ^^^  This  surface,''  meaning  the  surface  of  the  globe,  ^^  being  a 
highly  varied  one,  the  sun's  influence  on  it  is  also  constantly  varying, 
for  the  impinging  solar  heat  is  employed  in  raising  the  temperature  of 
substances  which  do  not  change  their  condition  of  aggregation  ;— but 
when  engaged  in  causing  the  melting  of  ice  or  the  evaporation  of  water 
it  becomes  latent.  When,  therefore,  the  sun,  returning  from  its  north- 
ern declination,  enters  the  southern  signs,  the  increasing  proportions  of 
liquid  surface  upon  which  it  shines  cause  a  corresponding  part  of  its 
heat  to  become  latent,  and  hence  arises  the  great  periodical  variation 
in  the  temperature  of  the  globe  which  has  been  noticed  above," — 
meaning  the  diflerence  of  temperature  of  the  northern  and  southern 
hemispheres.  Why  suppose  that  this  eflect  of  the  evaporation  of  water 
is  experienced  only  in  the  relative  temperatures  of  the  northern  and 
southern  hemispheres  ?  And  why  not  trace  the  effects  of  ccndensa^ 
lion  of  vapor,  as  well  as  of  the  evaporation  of  water?  It  is  evident 
that  heat  is  absorbed  and  made  latent  wherever  vapor  is  produced,  and 
it  is  equally  clear  that  this  heat  is  given  out  and  made  active  wherever 
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the  vapor  is  condensed  1  It  does  not  appear  from  the  atmospheric  car- 
rents  which  prevail,  that  any  portion  of  the  vapors  of  the  southern  hem- 
isphere passes  into  the  northern,  to  be  condensed  within  or  near  to  the 
basin  of  the  Pacific,  and  there  is  no  reason  to  suppose  that  it  does ; — 
but  in  the  basin  of  the  Atlantic  it  is  sufficiently  evident  that  vapor  does 
not  so  pass.  The  vapor  which  passes  over  the  Northern  Atlantic,  and 
is  condensed  beyond  the  British  Isles  and  Norway,  is  supplied  from  the 
tropical  and  other  seas  north  of  the  equator.  The  West  Indies  con- 
stitute the  principal  point  of  departure  of  this  vapor,  and  in  the  noooth 
of  January  it  is  carried  by  southwestern  and  western  winds  to  those  lo- 
calities where  the  isothermal  lines  advance  farthest  towards  the  pole. 
It  is  accordingly  to  the  condensation  of  this  vapor,  and  not  to  the 
neighborhood  of  the  Atlantic  Ocean,  in  the  latitude  that  we  are  to  at- 
tribute the  high  temperature  of  this  part  of  the  world  in  the  winter. 
The  Atlantic  Ocean  is  as  near  to  Labrador  as  to  Norway,  but  there  is 
little  Cfindensation  on  the  coast  of  the  former,  whilst  there  is  much 
about  the  latter.  Indeed,  as  far  as  we  know,  condensation  of  vapor  is 
the  only  influence  that  operates  exclusively  on  the  eastern  coasts  of  the 
two  oceans,  the  Pacific  and  the  Atlantic,  and  therefore  to  it  we  may  at- 
tribute the  warming  of  the  localities,  particularly  in  the  Arctic  Ocean, 
as  indicated  by  the  isothermal  lines.  Condensation,  we  know,  furnishes 
a  constant  and  abundant  supply  of  heat,  not  like  diflusion  by  contact, 
nor  radiation  from  surfaces  nearly  equal  in  temperature,  but  by  the 
energetic  chemical  action  which  converts  an  aeriform  substance  into  a 
liquid,  and  consequently  changes  the  heat  from  a  latent  to  an  active 
state.  The  greatest  irregular  rise  in  the  isothermal  lines  is  found  in  the 
winter  of  the  northern  hemisphere,  just  at  the  time  that  the  condensa- 
tion of  vapor  produces  the  greatest  effect  on  the  temperature  of  the 
air;  and  the  temperature  rises  most  along  that  line  or  stripe  where 
the  largest  amount  of  condensation  takes  place ;  and  in  that  locality 
the  same  temperature  reaches  the  highest  latitude,  showing  that  con- 
densation of  vapor  is  the  cause  of  the  rise  of  the  isothermal  lines  in 
the  parts. 

On  the  Argument  for  the  Physical  Connection  of  Double  Sf(tr$^  deduced 
from  the  Theory  of  Probabilities ;  by  Prof.  Forbes. 

The  author  read  a  passage  from  HerschePs  ^  Outlines  of  Astronomy,' 
where  this  argument  is  set  forth.  Mitchell,  in  the  year  1767,  in  a  pa- 
per in  the  Philosophical  Transactions,  was  the  first  who  advanced  this 
argument.  He  calculates  the  odds  as  500,000  to  1  against  the  stars 
which  compose  the  group  of  the  Pleiades  being  fortuitously  concentra- 
ted within  the  space  they  occupy,  and  thence  infers  the  probability  of 
some  physical  connection  between  them.  Struve  has  pushed  this  ar- 
gument much  further.  In  his  classification  of  double  stars  he  has  ap- 
plied it  to  estimate  the  improbability  of  the  occurrence  of  even  double 
stars  in  close  proximity.  He  calculates  the  odds  as  9,570  to  1  against 
any  two  stars  from  the  first  to  the  seventh  magnitude  falling,  if  fortuit- 
ously scattered,  within  A"  of  one  another.  The  number  of  such  binary 
combinations  actually  observed  at  the  date  of  the  calculations,  was  9i, 
and  more  have  since  been  added  to  the  list.  Again,  he  calculates  the 
odds  against  any  two  stars  of  a  number  fortuitously  scattered,  falling 
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within  32''  of  a  third,  so  as  to  form  a  triple  star,  as  not  less  than 
173,000  to  I,  while  four  such  triple  stars  were  known  to  exist.  The 
conclusion,  adds  Sir  John  Herschel,  of  a  physical  connection  of  some 
kind  or  other  is,  therefore,  unavoidable.  Against  the  principle  of  this 
argument.  Prof.  Forbes,  though  with  much  diffidence,  felt  himself  cal- 
led on  to  protest.  He  owned  he  could  iiot  attach  any  idea  to  what 
would  be  the  distribution  of  stars,  or  of  any  thing  else  if  ^^  fortui- 
tously scattered,*^  and  therefore  he  must  regard  with  hesitation,  if  not 
doubt,  an  attempt  to  assign  a  numerical  value  to  the  antecedent  proba- 
bilfty  of  any  given  arrangement  or  grouping  whatever.  To  him  it  ap* 
peared  that  an  equable  spacing  of  the  stars  over  the  sky  would  seem 
to  be  far  more  inconsistent  with  a  total  absence  of  law  or  principle  than 
the  existence  of  spaces  of  comparative  condensation,  including  binary 
or  even  more  numerous  groups,  as  well  as  regions  of  great  paucity  of 
stars.  As  an  illustration  of  this,  he  adduced  the  representation  of 
stars  and  their  grouping  by  sprinkling  viscid  white  paint  from  a  coarse 
brush  upon  a  dark  ground ;  by  which,  although  it  was  impossible  to 
conceive  a  nearer  approach  to  ^^  random  scattering,*^  yet  he  had  witnes- 
sed the  production  by  it  of  an  artificial  galaxy,  presenting  every  variety 
of  grouping  with  double  and  triple  points  innumerable ;  nor  could  he 
conceive  how  on  any  reasonable  theory  of  chance  it  should  be  oth- 
erwise. 

On  Conutary  Physics ;  by  Prof.  Smtth. 

The  author  said  that  points  in  the  Physics  of  Comets  which  he  had 
intended  to  bring  in  detail  under  the  notice  of  the  Section,  might  be 
comprehended  in  the  twelve  following  axioms  or  aphorisms — viz.  1.  A 
comet  consists  of  a  nucleus  and  one  or  more  gaseous  envelops.  2. 
The  nucleus  if  solid  and  material  is  extremely  small.  3.  This  nucleus 
is  excentrically  situated  in  the  gaseous  envelop.  4.  Comets  of  longest 
periods  have  the  largest  bodies.  5.  The  more  excentric  the  orbit  of  a 
comet  the  more  excentric  is  the  body  of  the  comet.  6.  A  comet  re- 
volves round  its  shortest  nucleoid  axis  in  the  time  it  revolves  round  the 
sun.  7.  This  axis  is  not  always  at  right  angles  to  the  plane  of  the  orbit. 
8.  There  is  also  a  quicker  rotation  round  its  longer  axis.  9.  A  comet 
shines  by  reflected  light,  and  shows  a  sensible  phase.  10.  In  propor- 
tion to  the  excentricity  of|  its  orbit  a  comet  increases  in  density,  and 
decreases  in  size  in  approaching  perihelion,  and  vice  versd,  1 1.  The 
longer  axis  of  a  comet  is  straight  at  perihelion  and  aphelion  ;  but  be- 
tween these  is  concave  towards  the  aphelion,  the  curvature  being  nearly 
proportioned  to  the  excentricity  of  the  orbit.  12.  (Sir  J.  Herschel.) 
The  component  molecules  of  a  comet  are  held  together  only  by  their 
mutual  gravitation,  each  constituting  almost  a  separate  projectile,  and 
describing  its  own  orbit  round  the  sun. — In  consequence  of  the  great 
press  of  business  before  the  Section  the  author  confined  himself  to  the 
illustration  of  the  9th  and  10th  of  these  axioms  in  connection  with  the 
12th, — showing  by  diagrams,  how  the  changing  appearances  t>oth  of 
the  head,  the  nucleus,  and  the  tail,  as  it  swept  past  perihelion,  and  par- 
ticularly the  forking  observed  in  the  tails  of  some  comets,  were  simple 
effects  of  phase  arising  from  the  changing  relative  position  of  the  illu- 
minating  sun,  the  comet  and  the  observer.    The  10th  he  illustrated  by 
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showing  that  towards  perihelion  the  several  parabolic  paths  of  the  parts 
of  the  comet,  by  becoming  crowded  together,  caused  the  coadensatioa  of 
the  comet,  while  the  contrary  took  place  by  the  separation  of  these  sev- 
eral orbits  towards  aphelion.  The  author  exemplified  these  priociples 
by  reference  to  the  great  comet  of  1845,  which,  though  visible  to  the 
naked  eye  for  about  three  weeks,  and  to  the  telescope  for  more  than 
five,  jret  in  the  very  short  time  of  less  than  twenty -four  hours  swept 
through  that  part  of  its  perihelion  path  cut  off  by  a  plane  through  the 
sun  parallel  to  the  ecliptic,  having  approached  within  about  60,000 
miles  of  the  sun  : — the  nearest  approach  to  that  lumioary  ever  actually 
observed. 

Mr.  Rankine  observed,  that  if  the  12th  axiom  (attributed  to  Sir  J. 
Herschel)  were  a  correct  representation  of  facts,  be  conceived  that  it 
would  follow  that  the  tail  of  a  comet,  which  was  known  to  be  turned 
straight  from  the  sun  at  perihelion,  must  be  turned  straight  towards  the 
sun  at  aphelion ;  and  at  other  parts  of  the  orbit  must  have  intermediate 
positions.  This  he  proceeded  to  illustrate  by  a  diagram,  in  which  a 
number  of  ellipses  with  the  same  major  axis  were  so  arranged,  respect- 
ing the  sun  occupying  a  focus  common  to  all,  as  that  their  perihelia 
might  all  be  ranged  in  one  line,  embracing  the  sun  also. — Prof.  Smyth 
did  not  concur  in  Mr.  Rankine^s  argument;  though  tinrie  would  not 
now  admit  of  his  going  fanher  into  it  than  to  remark,  that  in  the  his- 
tory of  comets  no  fact  was  better  established  than  that  their  tails  were 
always  turned,  though  with  a  slight  curvature,  directly  from  the  sun; 
that  this  fact  was  well  known  to  Sir  J.  Herschel,  and  was  one  basis  of 
his  induction. 

On  a  new  Membrane  investing  the   Crystalline  Lens;   by  Sir  D. 

Beewstbr. 
The  author  drew  a  diagram  representing  the  crystalline  lens  of  an  os 
with  its  inverted  capsule ;  and  said  that  having  lately  had  occasion  to 
examine  the  crystalline  lens  of  an  ox,  which  had  been  killed  the  day 
before,  he  had  put  it  into  water, — by  imbibing  which  it  had  soon  swell- 
ed, and  at  length  the  capsule  burst.  Before  it  had  burst,  however,  he  | 
had  observed  distinctly  a  membrane  not  before  recognized  by  anato- 
mists, which  had  at  one  part  detached  itself  from  the  body  of  the  lens 
which  it  manifestly  invested,  and  risen  up  within  and  towards  the  cap- 
sule at  one  spot. 

On  some  Phenomena  of  the  Polarization  of  the  Atmosphere ;  by  Sir 

D.  Brewster. 

The  author  stated  that  by  the  aid  of  a  polariscope,  which  he  had 
formerly  described,  formed  with  two  wedges  of  rock  crystal  cut  in  a 
peculiar  way,  he  was  enabled  to  determine,  by  an  examination  of  the 
parallel  bands,  the  neutral  points  of  the  sky,  and  the  plane  of  polariza- 
tion. This  he  illustrated  by  a  diagram ;  and  added,  that  he  had  now 
convinced  himself  that  not  only  was  the  light  from  the  blue  sky  polarized 
by  reflection  in  one  plane,  but  under  certain  circumstances  the  refrac- 
tion caused  by  some  of  the  clouds  polarized  the  light  in  quite  a  differ- 
ent plane ;  and  he  had  actually  in  this  instrument  observed  clouds  t^ 
the  action  they  exerted  on  the  light,  which  were  quite  imperceptible  to 
the  eye  unassisted  by  it. 
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Prof.  Stokes  observed  that  heretofore  it  had  been  aiUTdrsiilly  tap- 
posed  that  the  clouds  always  exerted  a  depolarizing  action  on  the  Hght 
which  they  reflected  or  transmitted  to  the  eye. 

On  the  Dynaciinometer ;  by  Mr.  Claxtdbt, 

In  the  introductory  portion,  the  author  insisted  on  the  very  great  im- 
portance of  distinguishing  between  the  optical  foci  of  the  lenses  used 
in  photographic  cameras  and  the  foci  of  the  photogenic  rays.  He 
said  that  ignorance  of  this  distinction,  or  inattention  to  it,  was  the 
source  of  one  of  the  greatest  defects  in  photographic  pictures.  He 
had  invented  a  simple  instrument,  which  was  exhibited  and  explain- 
ed, for  accurately  distancing  the  object  to  be  depicted  and  determining 
the  corresponding  foci  of  the  photogenic  rays  in  any  given  camera.  U 
consisted  of  a  number  of  marked  sectors  arranged  in  a  spiral  order  at 
several  equal  distances  along  a  cylinder  supported  in  a  frame.  By 
placing  this  before  a  photographic  camera,  the  sector  of  which  the 
image  was  most  distinct  could  be  at  once  seen,  and  this  determined  the 
distance  at  which  the  object  should  be  placed  in  front  of  the  camera. 
Since  he  had  invented  this,  he  had  found  that  there  was  a  proper  time 
for  exposing  an  object  on  a  given  day,  and  under  given  circumstances, 
before  the  camera ;  and  that  a  longer  or  shorter  time  than  this  was 
injurious  to  the  efiect.  To  ascertain  readily  this  proper  time,  he  bad 
invented  the  dynactioometer,  which  he  now  exhibited.  It  consisted  of 
a  square  frame  of  card,  with  a  circle  of  card  capable  of  being  turned 
round  either  by  hand  or  by  clock-work ;  in  one  position  of  this  circle,  the 
whole  surface  of  the  frame  exposed  to  the  camera  at  the  proper  photo- 
genic distance  was  black ;  but  as  the  circle  turned,  a  neatly  divided 
sector  of  white  card  was  exposed,  and  by  causinct  the  circle  to  turn  so 
as  to  expose  a  given  number  of  divisions  each  successive  equal  num- 
ber of  seconds,  the  part  of  the  sector  whose  image  was  most  clearly 
defined  on  examination  of  the  photogenic  drawing,  gave  the  number  of 
seconds  best  for  exposing  the  object  to  the  camera.  But  as  the  several 
photogenic  plates  were  not  equally  sensitive,  the  sensitiveness  of  the  plates 
^was  determined  by  placing  them  in  a  small  frame,  and  allowing  them  to 
#descend  along  an  inclined  plane,  during  a  certain  part  of  which  descent 
small  circular  spots  were  exposed  to  the  action  of  light,  the  rest  being 
quite  protected.  The  action  of  the  light  on  these  spots  gave  a  ready  ana 
exact  means  of  comparing  the  sensitiveness  of  the  several  plates. 

Attempt  to  explain  the  occtuional  distinct  vision  of  rapidly  revolving 
^  colored  sectors ;  by  Prof.  Stevelly. 

He  exhibited  an  instrument  for  whirling  cards  with  colored  sectors 
on  them,  devised  by  Mr.  Grattan,  of  Belfast,  to  teach  his  children  the 
efiect  of  combining  colors.  He  had  shown  this  at  the  Natural  History 
Society  with  an  application  for  enabling  painters  to  determine,  experi- 
mentally, the  exact  mixture  of  any  number  of  colors,  and  their  relative 
proportion  to  produce  the  exact  efiect  which  they  required.  This 
apparatus  he  had  lent  to  Prof.  Stevelly  to  show  his  class;  and  while 
doing  so,  he  was  surprised  to  observe  that  while  the  cards  were  revolving 
rapidly,  if  he  suddenly  turned  away  his  head  he  caught  a  distinct  view 
of  the  Individual  colored  sectors  at  the  instant  he  was  losing  sight  of 
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tbeni  by  a  side  view.     A  few  weeks  before  this,  be  bad  attended  tbe 
lectures  of  Prof.  Carlile,  of  the  QueeD^s  College,  Belfast,  on  tbe  anat- 
omy of  the  eye  and  of  the  ear ;  and  had  then  become  acquainted 
with  a  fact  connected  with  the  arrangement  of  the  optic  nerves  and 
their  relation  to  the  retina,  which  seemed  to  him  to  afibrd  an  explana- 
tion of  this  curious  fact     The  optic  nerve  which  originated  in  the  right 
side  of  the  brain,  crossed  over  to  the  leA  eye,  but  on  entering  that  eye- 
ball only  spread  out  into  that  part  of  the  retina  which  spread  over  the 
portion  of  the  eyeball  next  the  nose,  and  the  similar  portion  of  the  re- 
tina of  the  right  eye  was  supplied  by  the  opiic  nerve  which  sprang 
from  the  \e(i  side  of  the  brain.     These  nerves,  however,  were  united 
in  their  action  by  a  commissure  nerve,  which  stretched  in  an  arch 
from  one  to  the  other.     The  other  and  larger  portion  of  the  retina  of 
each  eye,  and  that  on  which  the  images  of  objects  as  usually  seen  were 
depicted,  was  formed  by  nerves  which  sprang  from  the  brain  in  each 
case  on  the  side  next  the  eye  to  which  they  went ;  these,  after  accom- 
panying the  optic  nerve  of  the  other  eye  to  the  place  where  it  crossed 
the  optic  nerve  going  to  its  own  eye,  turned  round  with  a  bend  and  ac- 
companied it  in  its  passage  into  the  eyeball.     These  portions  of  the  re- 
tina of  the  different  eyes  were  also  united  into  one  nervous  action  by 
the  ^^  commissure  of  the  retina.^'     So  that,  the  retina  of  each  eye  was 
divided  into  two  portions, — the  portion  next  the  nose,  and  the  outer 
and  larger  portion ;  and  these  two  portions  of  each  eye  were  supplied 
by  nerves  springing  from  opposite  sides  of  the  brain,  and  not  united  in 
their  action  by  any  commissure  or  connecting  nerve.     Now,  the  con- 
sequence of  the  sudden  turn  of  the  head  was,  to  throw  the  image  from 
its  usual  place  on  to  the  portion  of  the  retina  next  the  nose,  affecting  a 
new  and  fresh  part  of  the  retina  for  an  instant  only, — for  the  motion 
of  the  head  instantly  interposed  the  socket  of  the  eye  and  shut  off  the 
object     The  sectors  therefore  became  distinct  at  that  instant,  for  a  sim- 
ilar reason  that  in  the  beautiful  experiment  of  Prof.  Wheatstone  the 
electric  spark  showed  them  distinct, — namely,  the  instantaneousneas  of 
the  impression. 

The  following  are  the  titles  of  other  memoirs  presented  to  the  Sec- 
tion of  Mathematical  and  Physical  Science. — 

Report  OD  the  observations  and  ezperiments  at  the  Kew  Observatory;  by  P. 
Ronalds. 

Report  on  Luminous  Meteors ;  by  the  Rev.  B.  Powell. 

On  the  Laws  of  Elasticity  of  Souds ;  by  W.  J.  Maoqiuorn  Rankhtb. 

Notice  of  the  working  of  the  new  Integrating  Anemometer  during  tbe  past  year; 
by  Mr.  Follet  Osleb. 

On  Magnetic  Forces ;  by  Mr.  J.  A.  Beoun. 

On  the  construction  of  the  Silk  Suspension  Threads  for  the  DedtnatioQ  Magne- 
tometer ;  by  Mr.  J.  A.  Broun. 

On  the  Mechanical  Compensations  for  the  effect  of  Temperature  on  the  Bifilar 
and  Balance  Magnets ;  by  Mr.  J.  A.  Broun. 

On  some  Phenomena  of  Mirage  on  the  east  Ooast  of  Forfarehire ;  by  Rey.  C.  F. 
Lyon. 

Experiments  on  the  Expansion  of  Glass,  Woods,  and  Metals  from  changes  of  Tem- 
perature ;  W  Mr.  Roberts. 

Report  oi  the  committee  on  the  Instruments  for  the  measurement  of  earthquake 
wayes ;  by  Mr.  Mallxt. 

Report  on  the  Meteorology  of  the  Axoree ;  by  Mr.  J.  C.  Hunt. 
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Report  on  the  eflbct  of  a  stroke  of  lightniDg  on  a  tree  near  Edinbuigh ;  by  Plot 
Phillips. 

On  the  climate  of  the  valley  of  the  NUe ;  by  Mr.  T.  S.  Wblls. 

On  the  means  of  computing  the  quantities  of  Aqueous  vapor  in  the  Atmosphere 
at  various  places  and  heights ;  by  Mr.  T.  Hopkins. 

On  the  daily  formation  of  Clouds  at  Makerstoun;  by  Mr.  T.  Hopkhto. 

On  the  passage  of  Storms  across  the  British  Islands ;  by  Mr.  R.  Russell. 

On  remarkable  Thermometrical  Maxima  at  or  near  the  Moon's  first  quarter,  from 
1839  to  1850 ;  by  Mr.  R.  Edmonds. 

On  some  extraordinary  electrical  appearances  observed  at  Manchester  on  the  16th 
^f  July,  1860  ;  by  Mr.  P.  Olamk. 

On  Meteorological  Phenomena  at  Huggate»  Yorkshire ;  by  Rev.  T.  Rankinx. 

On  Isoclinal  Magnetic  Lines  in  York£ire ;  by  Pro£  Phillips. 

On  a  question  of  Probabilities  which  occur  in  the  use  of  a  fixed  collimator  for 
the  verification  of  the  constancy  of  Position  of  an  Azimuth  Circle ;  by  Prol  AotT. 

On  the  Lunar  Surface,  and  its  relation  to  that  of  the  Earth ;  by  Mr.  Nasktth. 

On  a  Tissue  woven  by  Caterpillars;  by  J.  Dknnistoun.. 

On  a  new  solid  Eye-piece ;  by  the  Rev.  J.  B.  Reads. 

On  Polygons  inscribed  on  a  Surface  of  the  Second  order ;  by  Sir  W.  R.  Hamilton. 

On  the  TTieory  of  Magnetic  Induction;  by  Prof.  Thomson. 

On  the  reduced  observations  for  six  years  of  the  Winds  in  the  regions  of  Glasgow ; 
by  Pro£  Niool. 

On  some  powerful  Magnets  made  by  a  process  devised  by  M.  Elias,  and  mannfac- 
tured  by  M.  Logeman,  optician,  at  Haerlem ;  by  Sir  D.  Brkwbteb. 

On  the  Optical  Properties  of  Cyanuret  of  Magnesia  and  Platina;  by  Sir  D. 
Bkewster. 

On  a  Geometrical  Rotation  between  Ten  Points,  on  a  surface  of  the  second  order ; 
by  Sir  W.  R.  Hamilton. 

On  the  mode  of  Disappearance  of  Newton's  Rings  in  passing  the  Angle  of  total 
internal  Reflexion ;  by  Prof  G.  G.  Stokes. 

On  the  Distribution  of  Shooting  Stars  in  the  Interplanetary  Spaces ;  by  Mr.  H. 

HXNESST. 

On  Electrical  Figures  of  Dust  on  Plate  Glass ;  by  Mr.  J.  A.  BaouN. 
Magnetic  Chart,  exhibited  by  Mr.  Bbbwigk. 

Section  B. — Chemibtey,  including  its  Applications  to  Agricul- 

TURB   AND  THE   ArTS. 

On  the  peT'Cenfage  of  Nitrogen  as  an  Index  to  the  nutritive  Value  of 
Food ;  by  Dr.  A.  Voblcker. 

The  object  of  this  paper  was  to  show,  that  the  usual  estimation  of 
the  nutritive  qualities  of  an  article  of  food  is  frequently  attended  with 
inaccuracies,  which  renders  it  desirable  to  modify  our  present  methods 
in  this  respect  in  many  cases.  A  circumstance  which  leads  to  con- 
siderable error  is,  the  presence  of  ammoniacal  salts  in  the  juices  of 
plants.  In  order  to  prove  experimentally  the  presence  of  ammoniacal 
salts  in  larger  quantities  than  hitherto  suspected,  and  to  avoid  the  objec- 
tion that  they  might  result  from  a  partial  decomposition  of  albuminous 
substances  during  the  analysis,  the  author  chose  fungi  for  his  experi- 
ments, which  are  rich  in  nitrogen  and  known  as  being  highly  nutritious. 
The  species  used  was  Agaricus  prunellus^  a  species  which  is  edible, 
and  remarkable  for  forming  most  beautiful  fairy  rings.  After  having 
separated  all  soluble  p rote ine  compounds  by  means  of  basic  acetate  of 
lead,  which  re-agent  throws  down  these  compJetely,  the  amount  of  ni- 
trogen still  present  in  the  juice  of  these  agarics,  in  the  form  of  ammo- 
niacal salts,  was  found  to  be  0*204  per  cent,  for  the  fresh  fungi,  or 
1*82  per  cent,  for  the.  dry  fungi.    The  whole  amount  of  nitrogen  in 
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the  same  agarics,  collected  at  the  same  time,  determined  by  conilnistioa, 
was  found  to  be  0*74  percent,  for  the  fresh  fungi,  or  6*61  per  cent  for 
the  fungi  dried  at  212*^  F.  Deducting  from  the  last  stated  numbers  the 
quantity  of  nitrogen  found  to  exjst  in  the  juice  in  the  form  of  ammonia,  we 
find  that  only  0*536  per  cent,  of  nitrogen  in  the  fresh,  or  4-799  per  cent, 
of  nitrogen  in  the  dry  fungi,  exists  in  the  state  of  proteine  compounds, 
and  that  nearly  one  third  of  the  nitrogen  obtained  by  direct  combustion 
exists  in  the  form  of  ammonia  in  the  juice,  or  at  all  events  in  a  form  in 
which  the  nitrogen  adds  nothing  to  the  nutritive  value  of  the  fungi. 
The  nutritive  value  of  the  fungi  has  thus  been  overrated  considerably ; 
and  there  can  be  little  doubt  that  the  same  is  the  case  of  many  vegeta- 
bles, which  according  to  the  author^s  experiments  contain  sometimes 
considerable  quantities  of  ammonia  in  the  form  of  ammoniacal  salts. 

Dr.  Christison  remarked  that  he  had  long  been  convinced  that  there 
was  a  considerable  fallacy  in  the  methods  of  determining  the  value  of 
nitrogen,  and  he  hoped  Dr.  Voelcker^s  communication  would  give  in- 
quiry a  more  satisfactory  direction. — Dr.  Daubeny  made  some  ob- 
servations on  this  paper ;  and  particularly  noticed  the  researches  of 
Prof.  Hoffman  on  the  substitution  of  ammonia,  or  of  its  elements,  for 
carbon,  which  it  appeared  to  him  pointed  to  some  laws  in  connection 
with  the  process  of  assimilation  of  nitrogenous  materials  by  growing 
vegetables. — Dr.  R.  D.  Thomson  offered  some  objections  to  the  recep- 
tion of  the  doctrine  that  nitrogen  was  the  principal  source  of  nutrition, 
since  it  is  found  that  blood  and  the  other  animal  constituents  contain 
many  other  substances. — Dr.  L.  Playfair  was  pleased  that  Dr.  Voelcker 
had  pointed  out  a  source  of  error  in  the  determination  of  nitrogen. 
Having  been  engaged  in  examining  the  dietaries  of  a  large  number  of 
extensive  establishments,  he  should  lay  the  results  before  the  Meeting. 

On  a  peculiar  form  produced  in  a  Diamond  when  under  the  xnfiwence  of 
the  Voltaic  Arc ;  by  J.  P.  Gassiot. 

M.  Jaquelin  was  the  first  to  show  that  when  the  diamond  is  submitted 
to  the  high  temperature  and  influence  of  the  voltaic  arc,  it  quickly  be- 
comes converted  into  a  black  carbonaceous  matter  having  all  the  ap- 
pearance of  coke  : — the  diamond  when  in  a  native  state  is  an  insulator 
or  non-conductor  of  electricity,  but  when  thus  changed  into  coke  it  be- 
comes an  excellent  conductor.  At  the  Chemical  Section  of  the  Briti^ 
Association,  held  at  Oxford,  in  1847,  Dr.  Faraday  exhibited  some  speci- 
mens of  the  diamond  coke  which  had  been  forwarded  to  him  by  M. 
Jaquelin,  and  subsequently,  on  the  16th  of  June,  1848,  he  publicly 
showed  the  experiment  in  London,  in  the  theatre  of  the  Royal  Institu- 
tion. On  repeating  the  experiment  a  short  time  since  before  a  few 
friends,  I  obtained  a  product  so  totally  dififerent  from  that  of  M.  Jaquelin, 
that  I  am  induced  to  bring  the  subject  before  this  Section,  in  the  an- 
ticipation that  it  may  tend  to  elicit  some  observations  on  a  phenome- 
non which  at  the  time  attracted  the  attention  of  many  electricians. 
The  apparatus  I  used  in  the  experiment  consisted  of  forty  series  of  the 
usual  size  of  Grovels  nitric  acid  battery  ;  the  terminals  were  made 
from  two  pieces  of  well  burnt  box-wood  charcoal,  that  attached  to  the 
positive  or  platinum  end  of  the  battery  beins;  formed  in  the  shape  of  a 
•mall  cup  or  crucible,  in  which  the  diamond  was  placed  ;  to  the  nega- 
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tive  or  zinc  end  of  the  battery,  a  piece  of  the  same  charcoal  (but  points 
ed)  WQ8  attached.  The  experiment  was  then  made  in  the  same  form 
as  described  by  M.  Jaquelin,  by  first  making  contact  with  the  two  char- 
coal terminals,  then  bringing  the  flame  in  such  a  position  as  to  cause  it 
to  surround  the  diamond ; — in  less  than  one  minute,  the  diamond  as 
well  as  the  electrode  became  in  a  state  of  intense  ignition.  The  dia- 
mond gradually  increased  in  size,  rolling  about  in  the  heated  crucible ; 
when  it  suddenly  expanded,  forcing  itself  upwards  on  the  negative  ter- 
minal, at  which  moment  I-  separated  the  electrodes.  The  diamond, 
which  was  in  a  state  of  intense  ignition,  remained  attached  to  the  neg- 
ative terminal.  When  cool  it  exhibited  the  same  state  as  it  now  pre- 
sents. It  was  expanded  to  eight  or  ten  times  its  original  bulk.  Instead 
of  becoming  a  black  carbonaceous  substance,  and  a  good  conductor,  it 
has  a  vitreous  white  opaque  appearance,  and  remains  a  non-conductor. 
It  has  also  a  deep  circular  cavity  on  that  portion  which  was  opposite  and 
Dearest  to  the  positive  electrode ;  that  part  which  was  in  contact  with 
the  negative  electrode  being  clearly  discernible  by  a  small  portion  of  the 
box-wood  charcoal  remaining  attached  to  it.  The  centre  of  the  cavity 
appears  to  be  still  brilliant,  as  if  that  portion  of  the  diamond  had  not 
been  in  a  complete  state  of  fusion.  In  one  or  two  other  experiments 
the  diamonds  disintegrated,  the  fragments  remaining  in  a  carbonaceous 
state.  Since  which  I  have  not  had  an  opportunity  of  repeating  the  ex- 
periment. 

Report  on  the  present  State  of  our  Knowledge  of  the  Chemical  Action 
of  the  Solar  Radiations;  by  Mr.  R.  Hunt. 

In  this  report  the  author  gave  an  historical  sketch  of  the  progress  of 
inquiry  on  this  subject,  from  the  period  when  Scheele  first  observed 
that  the  chlorid  of  silver  was  blackened  much  more  speedily  by  the 
rays  at  the  blue  end  of  the  spectrum  than  by  those  at  the  least  refran- 
gible, or  red  end,  to  the  announcement  of  the  discovery  of  the  sensi- 
bility of  the  iodized  tablets  to  the  solar  influences  by  Daguerre  and  the 
discovery  of  the  action  of  gallic  acid  in  the  Caloiype  process  by  Mr. 
Fox  Talbot.  He  then  proceeded  to  show  the  extent  of  knowledge  we 
had  obtained  as  to  the  peculiarities  of  the  phenomena,  which  may  be 
summed  up  as  follows.  The  chemical  action  of  the  sun^s  rays  is  proved, 
by  its  influence  on  organic  and  inorganic  bodies,  to  extend  over  all  the 
luminous  rays  of  the  prismatic  spectrum — and  slightly  beyond  them  at 
the  least  refrangible  end,  and  considerably  beyond  them  at  the  most  re- 
frangible extremity.  Living  organisms  and  the  products  of  organic  life 
appear  to  be  influenced  by  light — the  luminous  power — as  distinguished 
from  the  purely  chemical  or  calorific  powers.  The  vitality  of  plants 
is  stimulated  by  light ;  and  although  many  functions  are  performed  in 
the  absence  of  luminous  radiations,  they  all  appear  to  be  quickened  by 
its  exciting  powers ;  at  the  same  time  we  have  evidence  to  show  that 
the  chemical  principle  is  necessary  to  the  processes  of  assimilation,  and 
consequently  to  the  production  of  many  of  the  proximate  constituents 
of  plants.  The  author  is  of  opinion — though  he  regards  the  subject  as 
open  to  serious  inquiry — that  the  processes  of  germination  and  budding 
are  essentially  influenced  by  the  chemical  principle.  Actinism  : — that 
the  decomposition  of  carbon  is  peculiarly  due  to  the  luminous  principle ; 
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and  hence  that  the  formatioo  of  wood  in  plants  is  a  functioo  of  their 
vitality  excited  by  Light : — that  the  development  of  the  flower  is  due 
to  a  delicate  balance  of  the  forces,  Actinism  and  Lights  since  we  had 
that  both  the  luminous  and  chemical  agencies  are  very  active  during 
the  process,  and  that  the  ripening  of  fruit  and  the  perfecting  of  the 
healthful  conditions  of  the  seed  are  due  to  a  combination  of  the  calorific 
and  chemical  forces — as  evidenced  in  the  so-called  parathermic  rayst 
— many  of  the  properties  of  which  have  been  examined  by  Sir  John 
Herschel  and  Mrs,  Somerville.  Returning  to  the  consideration  of  the 
influence  of  the  solar  rays  upon  inorganic  bodies,  the  author  thought  it 
established  beyond  a  doubt — 1st.  That  the  maximum  of  chemical 
(actinic)  phenomena  was  to  be  found  where  there  was  the  least  quan- 
tity of  light  and  heat. — 2.  That  as  the  luminous  power  increased — 
either  in  the  spectrum  or  in  natural  phenomena — ^the  chemical  (actinic 
power)  diminished,  until  it  came  to  its  minimum,  where  light — luminous 
power— -existed  at  its  maximum. — 3d.  That  although  the  chemical  influ- 
ence extended  to  the  red  or  heat-giving  rays,  its  operations  were  mate- 
rially modified,  and  to  all  appearance  changed,  by  the  combined  opera- 
tion of  the  calorific  power,  and  that  results  standing  in  direct  opposi- 
tion to  those  obtained  by  the  pure  chemical  rays  were  given  by  the 
chemico-calorific  rays.  In  conclusion,  the  author  pointed  out  the  wide 
field  for  investigation  which  was  opening  to  the  experimentalist,  and 
he  showed  that,  although  much  had  been  achieved  by  the  experi- 
ments already  undertaken,  there  yet  remained  an  extensive  ground 
for  inquiry  which  may  be  considered  as  absolutely  unbroken  : — chemi- 
cal action,  vital  power,  electrical  phenomena  and  phosphorescence 
were  proved  to  be  directly  dependent  on  the  solar  influences ;  but  we 
yet  want  the  researches  which  shall  satisfactorily  show  whether  these 
phenomena  are  due  to  one  great  principle  modified  by  the  matter  on 
which  it  acts,  or  whether  they  result  from  the  operation  of  forces  com- 
bined in  action,  although  very  diflerent  in  their  resulting  efifects. 

New  Researches  on  the  Conductibility  of  the  Earth ;  by  Prof. 
Matteucci. 

Although  the  good  conducting  power  of  the  earth  is  at  present  gen- 
erally admitted  and  is  advantageously  applied  to  the  construction  of  elec- 
tric telegraphs,  it  must  be  confessed  that  nothing  has  been  hitherto  known 
of  the  laws  and  theory  of  this  singular  phenomenon.  In  England, 
Germany,  and  Russia,  it  has  been  found  advisable,  for  several  years 
past,  to  form  the  telegraphic  circuit  partly  with  the  earth  and  partly 
with  the  metallic  wire,  instead  of  forming  the  whole  circuit  with  me- 
tallic wire  only.  I  was,  I  believe,  the  first  to  show,  by  exact  experi- 
ments made  in  1844  at  Pisa,  and  by  others  performed  according  to  my 
propositions  at  the  Scientific  Congress  of  Milan,  that  the  resistance  of 
the  earth  to  the  passage  of  the  electrical  current,  which  is  sensible  in 
short  distances,  ceases  to  increase  and  remains  constant  when  the  dis- 
tance between  the  electrodes  plunged  in  the  earth  has  attained  a  certain 
length.  Having  laterally  renewed  my  studies  on  this  subject,  I  have 
confirmed  and  extended  in  a  complete  and  general  manner  the  conclu- 
sions drawn  from  my  former  researches ;  I  have  also  demonstrated  the 
principal  result,  given  above,  by  diflerent  experimental  processes.     I 
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have  compared  the  resistance  of  a  mixed  telegraphic  circuit  with  that 
of  an  entirely  metallic  circuit,  containing  a  length  of  wire  twice  as 
great  as  that  employed  in  a  mixed  circuit.  I  have  also  formed  metallic 
circuits  of  very  fine  brass  wires,  having  the  same  resistance  as  the 
metallic  portion  of  the  very  long  mixed  telegraphic  circuit;  and  finally, 
by  making  use  of  long  metal  wires  covered  with  gutta  percha,  I  have 
been  able  to  compare  the  resistance  of  an  entirely  metallic  circuit  with 
that  of  a  mixed  circuit,  in  which  the  metallic  portion  remained  con- 
stantly the  same,  and  to  which  were  added  different  lengths  of  earth. 
The  following  are  the  principal  conclusions  drawn  from  experiments 
which  have  occupied  me  for  about  a  year. — The  resistance  of  a  layer 
of  earth  to  the  passage  of  the  electrical  current  varies  according  to 
the  quantity  of  water  contained  in  the  earth  of  which  it  is  composed, 
— according  to  the  specific  gravity  of  that  earth, — according  to  its  depth 
beneath  the  surface, — according  to  the  nature  of  the  electrodes  and  ex* 
tent  of  their  surface.  This  resistance  does  not  increase  with  the  in- 
creased length  of  the  layer  of  earth  ;  on  the  contrary,  beyond  a  cer- 
tain limit  of  length,  which  varies  according  to  the  different  circum- 
stances just  indicated,  but  which  in  all  cases  is  of  little  extent,  the  re- 
sistance of  a  layer  of  earth  remains  constant  whatever  be  its  length. 
It  is  unnecessary  to  say  that  I  could  not  prove  this  fact  by  experiment 
on  circuits  exceeding  eighty  miles  in  length,  such  being  the  average 
of  the  telegraphic  circuits  in  Tuscany.  In  making  the  experiment 
near  the  surface  of  the  soil,  it  is  difficult  to  plunge  the  electrodes  ia 
earth  of  exactly  the  same  conducting  power ;  different  portions  of  the 
surface  of  soil  possessing  either  better  or  worse  conductibility  than  that 
on  which  I  began  to  operate,  it  follows  that  in  increasing  the  distance 
between  the  electrodes  we  may  find  either  an  increase  or  diminution  in 
the  resistance  of  the  earth.  Likewise,  in  operating  on  a  long  mixed 
telegraphic  circuit,  which  is  not  perfectly  isolated,  owing  to  the  effect 
of  the  different  derived  circuits  formed  between  the  posts  and  the  earth, 
the  electric  current  is  stronger  near  the  piles  than  at  a  distance,  and 
stronger  than  in  a  circuit  which  is  formed  only  of  metal  wire  equal  in 
length  to  that  which  enters  into  the  mixed  circuit.  This  explains  the 
results  which  I  had  obtained  from  my  former  uncompleted  experiments. 
The  resistance  of  a  layer  of  earth  appears  to  diminish  as  its  length  in- 
creases only  in  cases  where  we  meet  with  o\her  layers  of  better  conduct- 
ing power.  In  every  layer  of  earth  of  a  certain  constant  conducting 
power,  the  resistance  which  at  first  increases  very  feebly  with  the  in- 
creased length  of  the  layer,  becomes  very  soon  constant,  and  continuesthe 
same  for  all  the  subsequent  lengths,  however  great,  on  which  experiments 
have  been  made.  Now,  it  is  evident  that  as  the  increase  of  resistance 
in  a  long  metallic  circuit  is  scarcely  perceptible  when  we  add  to  the 
circuit,  by  means  of  two  large  electrodes,  a  thin  stratum  of  water ;  so 
we  ought  to  find  in  the  long  mixed  telegraphic  circuits  that  the  resist- 
ance of  the  earth  is  null  or  nearly  so,  since  it  is  equal  to  that  of  a  thin 
stratum  of  water  of  a  very  large  section.  The  law  of  the  conducting 
power  of  the  earth  being  established,  it  remains  to  give  the  theory  of 
this  phenomenon.  The  opinion  of  the  scientific  world  is  divided  on 
this  point  Some  explain  the  good  conducting  power  of  the  earth  by 
the  almost  infinite  section  of  the  earth  compared  with  the  distance  of 


Digiti 


zed  by  Google 


406  Proceedings  of  the  Brilieh  Association 

the  electrodes ;  others,  again  suppose  that  the  eleetricities  at  the  ex- 
tremities of  the  pile  are  dissipated  in  the  earth,  io  the  same  maDoer  as 
the  electricity  of  the  conductor  of  ao  electrical  machine.  This  second 
explanation,  will  not  bear  the  slightest  examination,  nor  can  it  be  made  to 
tally  with  the  results  of  the  most  elementary  experiments  relative  to  the 
conducting  power  of  the  earth.  In  fact,  we  cannot  on  this  supposition  ex- 
plain why  the  resistance  of  the  earth  increases  at  first  with  the  length  of 
the  layer ;  why  it  varies  with  the  depth  and  the  degree  of  moisture  of  that 
layer ;  why  it  changes  if  the  mass  of  earth  interposed  between  the  two 
electrodes  happen  to  decrease  or  to  be  wanting,  as  I  have  proved  by  ex- 
periments made  in  mountainous  districts ;  why  the  interposition  of  a  por- 
tion of  earth  of  a  difierent  conducting  power  produces  a  variation  in  the 
resistance  of  the  entire  mass ;  why  this  resistance  becomes  infinitely 
greater  when  we  keep  this  layer  in  a  wooden  trough  separate  from  the 
earth,  but  in  communication  with  it  by  means  of  large  metallic  plates. 
Finally,  according  to  this  explanation,  the  resistance  of  the  metallic  part 
of  a  mixed  circuit  ought  to  disappear, — a  thing  which  never  happens.  I 
think  that  I  may  be  able  to  give  a  satisfactory  explanation  of  the  good  coo- 
ducting  power  of  the  earth,  founding  my  assertions  on  very  simple  ex- 
reriments  and  on  theoretical  views  already  known.  As  long  ago  as  1837, 
proved  in  a  memoir  published  in  the  Annates  de  Physique  et  de  Chimiej 
that  in  operating  on  a  certain  liquid  mass,  very  considerable  compared 
with  the  distance  of  the  electrodes  plunged  in  it,  the  length  of  the  inter' 
mediate  liquid  stratum  has  no  sensible  influence  on  the  intensity  of  the 
current.  I  have  recently  verified  this  result  on  a  very  large  scale.  I 
had  a  wooden  case  made  seven  metres  in  the  side.  I  keep  this  cast 
isolated  from  the  earth,  and  filled  with  water.  Operating  on  this  mass 
of  water,  we  find  that  the  resistance  of  a  certain  stratum  of  water, 
variable  within  certain  limits,  is  independent  of  its  length.  In  like 
manner,  in  studying  the  conducting  power  of  spherical  masses  of  water 
varying  in  diameter  from  2«*™  to  dO  or  40c««n,  I  have  found  that  the 
resistance  of  these  spherical  masses  of  water  was  the  same,  and  inde- 
pendent of  their  diameter.  I  have  already  said  that  this  result  may  be 
deduced  from  the  theory,  and  this  is  done  as  follows : — From  the  same 
differential  equations  given  first  of  all  by  Fourier  in  his  celebrated 
theory  of  heat,  and  which  Ohm  has  applied  to  electricity,  suppressing 
in  the  latter  case  the  terms  which  expressed  the  dispersion  of  heat  in 
the  air,  are  deduced  in  the  case  of  the  sphere  the  results  which  I  have 
obtained  by  experiments  on  the  propagation  of  electricity  in  the  earth. 
Although  we  are  as  yet  ignorant  of  the  physical  value  of  that  variable  U 
which  figures  in  the  fundamental  equation  of  Ohm  at  three  partial  differ- 
entials, which  is  the  same  as  that  of  Fourier  in  the  propagation  of  heat, 
and  although  that  equation  would  really  be  more  applicable  to  the  case  of 
the  metallic  wire  which  communicates  at  one  extremity  with  the  con- 
ductor of  an  electrical  machine  in  action,  and  at  the  other  extremity  with 
the  earth,  than  to  the  case  of  the  electrical  current  defined  by  its  electro- 
chemical, and  electro- magnetical  action ;  it  is  no  less  true  that  a  certain 
number  of  the  phenomena  of  the  electrical  circuit  are  explained  by 
representing  the  propagation  of  the  electrical  current  by  the  same  equa- 
tion given  by  Fourier  in  his  theory  of  heat.  Among  these  phenomena, 
may  be  placed  the  fundamental  law  of  the  propagation  of  electricity 
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Id  metallic  wires  accordinfi;  to  their  section  aod  length,  and  the  other 
more  general  cases  of  the  propagation  of  the  electrical  current,  and 
of  derivation,  in  large  metallic  plates,  or  in  spherical  masses  and  in 
the  earth,  such  as  they  have  been  found  by  MM.  Kirchhoffand  Sroaaeen 
in  Grermany,  and  in  Italy  by  my  friends  Ridolfi  and  Felici. 

The  reading  of  the  communication  from  Prof.  Matteucci  led  to  a  con* 
versation  on  the  various  methods  employed  by  the  Electric  Telegraph 
Company  and  others,  and  on  the  question  of  the  investigations  of  Messrs. 
Bain  and  Wheatstone  in  England,  and  several  experimentalists  on  the 
continent  prior  to  these  investigations  of  M.  Matteucci  as  to  the  power 
o£  the  earth  to  conduct  electricity. — Mr.  R.  Hunt  explained  that  in 
speaking  of  the  conductibility  of  the  earth  it  should  be  distinctly  un- 
derstood that  the  water  contained  in  the  superficial  stratum  is  the  con- 
ducting medium  ;  since  he  has  proved  that  non- metalliferous  rocks  and 
dry  earth  will  not  conduct  an  electric  current. 

On  the  Sugar  Produce  of  the  South  of  Spain^  chiefly  in  connection  with 
the  employment  of  the  Acetate  of  Lead  and  Sulphuroui  Acid  as  pu» 
rifying  agents ;  by  Dr.  ScoFFBBif . 

On  the  southern  coast  of  Spain,  in  a  region  limited  by  Almeria  on 
the  esist  and  Malaga  on  the  west,  bounded  on  the  north  by  mountain 
ranges  and  on  the  south  by  the  Mediterranean,  is  a  tract  of  land  which, 
80  far  as  its  climate  and  productions  are  concerned,  may  be  aptly  de- 
nominated tropical.  In  it,  the  datS,  palm,  indigo,  cotton,  and  susar-cane 
flourish  with  vigor,  yielding  products  equal  both  in  quantity  and  quality 
to  those  of  the  tropics  themselves.  The  sugar-cane,  first  introduced  by 
the  Arab  conquerors,  is  not  only  consumed  in  large  quantities  as  a  des- 
sert, but  also  gives  rise  to  a  considerable  manufacture  of  raw  and  re- 
fined sugar,  a  circumstance  which  beyond  Spain  itself  seems  to  be  very 
little  known.  There  is  perhaps  no  example  on  record  of  any  operation 
involving  a  commercial  result  attended  with  such  an  enormous  destruc- 
tion of  materials  as  the  operation  of  extracting  sugar  from  the  cane. 
One  portion  of  this  loss  is  due  to  mechanical,  another  to  chemical 
causes.  The  sugar-cane  has  been  stated  by  most  writers  who  have 
found  opportunities  of  practically  examining  the  subject  to  contain  no 
more  than  10  per  cent,  of  solid  non-saccharine  matter,  leaving  90  per 
cent,  of  juice  to  be  extracted.  Of  this  90  per  cent.,  'most  writers  con- 
cur in  testifying  that  in  practice  scarcely  50  per  cent,  are  actually  ob- 
tained ;  at  least  in  the  British  West  India  possessions.  Cane  juice  itself 
has  usually  been  stated  to  contain  from  17  to  23  per  cent,  of  crystalline 
sugar,  of  which  scarcely  7  per  cent,  in  practice  is  actually  extracted. 
Considerable  doubts  having  been  expressed  as  to  these  statements  of 
the  amount  of  juice  in  the  cane,  and  sugar  in  the  juice,  I  have  lately 
gone  through  a  series  of  experiments  having  for  their  object  the  settle- 
ment of  the  doubt,  and  with  the  result  of  amply  confirming  the  testimo- 
ny of  other  experimenters.  Having  operated  on  canes  from  various 
parts  of  this  district,  by  slicing  them,  exhausting  first  by  hot  water 
and  then  by  hot  alcohol,  and  finally  drying,  I  obtained  as  my  mean  re- 
sult about  10  per  cent,  of  woody  or  insoluble  matter ;  whilst  the  sugar 
extracted  and  crystallized  ranged  from  17  to  23  per  cent.,  as  had  previ- 
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ously  been  stated.  It  would  consequently  appear  that  40  per  cent  of 
juice  18  actually  lost  in  the  practice  of  our  West  India  workings  ;  and 
now  arises,  as  a  most  important  consideration,  the  question  as  to  what 
extent  this  loss  is  inevitable,  and  to  what  extent  it  might  have  been  ob- 
viated by  altered  machinery  or  improved  manipulation.  Instead  of  50 
per  cent,  of  juice  extracted,  70  per  cent,  is  much  nearer  the  average 
amoont  yielded  by  the  sugar-mills  of  this  coast,  although  occasionally 
the  result  is  as  high  as  75  per  cent.,  and  this,  in  some  cases,  with  mills 
of  very  inferior  construction.  The  cane,  however,  is  passed  between 
the  rollers  of  the  mill  four  times,  until  the  refuse  or  megass,  as  the 
pressed  cane  is  called,  has  been  reduced  to  a  state  of  disaggregation 
resembling  ground  tan,  whereas  the  West  India  cane  refuse  is  repre* 
sented  to  be  in  the  form  of  long  strings,  a  sufficient  proof  that  the  pres- 
sure applied  has  been  very  inadequate.  AAer  the  cane  has  finally  left 
the  mill,  it  is  immediately,  in  the  Spanish  sugar  regions,  subjected  to  the 
operation  of  pressing,  sometimes  by  the  agency  of  a  screw,  but  in 
many  cases  by  hydrostatic  force.  By  the  latter  method,  I  have  seen  13 
per  cent,  of  juice  extracted  from  megass  which  had  already  yielded  up 
73  per  cent,  of  juice  to  the  mill,  thus  elevating  the  total  quantity  extracted 
to  86  per  cent,  out  of  the  original  90,  and  consequently  as  a  manufac- 
turing operation  leaving  very  little  more  to  be  desired.  The  hydrostatic 
press  I  consider  to  be  an  apparatus  which  is  indispensable  to  the  econo- 
my of  every  sugar  estate  : — not  only  does  it  largely  contribute  to  the 
amount  of  juice  extracted, — but  what  is  most  remarkable,  the  juice 
resulting  from  hydrostatic  pressure  of  megass  is  invariably,  so  far  as 
my  observations  have  gone,  richer  in  sugar  than  juice  yielded  by  the 
mill, — a  fact  which  seems  to  be  only  explicable  on  the  supposition  that 
the  hydrostatic  press  in  virtue  of  its  great  power  is  enabled  to  extrude 
those  particles  of  sugar  which  microscopic  examination  demonstrates  to 
exist  in  the  cane  in  the  solid  and  crystalline  form.  The  subsequent 
stages  of  the  sugar  manufacture  as  carried  on  in  Spain  do  not  materi- 
ally differ  from  those  in  operation  in  Cuba,  and  many  other  tropical 
countries.  The  juice  is  defecated  or  purified  by  lime,  skimmed,  evap- 
orated to  the  requisite  degree,  and  poured  into  earthen  ware  moulds,  the 
contents  of  which  are  finally  exposed  to  the  operation  of  claying.  In 
one  manufactory,  however,  witnessed  by  me  at  Almunecar,  lime  is  no 
longer  used  on  account  of  its  well-known  injurious  effects  on  sugar: — 
no  other  agent  having  been  substituted  in  its  stead,  but  sole  reliance 
being  placed  on  the  coagulation  by  heat  of  albuminous  matters  present 
in  the  juice,  and  their  final  removal  by  skimming.  Under  this  system 
of  manufacture,  the  sugar  produced  is  light  colored,  but  badly  grained, 
and  the  unseparated  albuminous  matters  are  present  in  such  quantity 
that  every  1()0  parts  of  the  concentrated  saccharine  juice  as  it  comes 
from  the  teache,  or  last  evaporating  pan,  yield  only  40  parts  of  crystal- 
lized sugar  on  cooling,  the  other  60  percent,  remaining  in  the  condition 
of  molasses  perfectly  uncrystallizable  until  some  adequate  means  for 
defecation  be  had  recourse  to.  The  chief  object  of  my  residence 
in  this  sugar  district  was  to  superintend  the  erection  of  machinery  for 
manufacturing  sugar  by  means  of  my  own  process.  The'  site  of  our 
operations  is  Montril,  about  forty-five  miles  south  of  Granada,  in  a 
manufactory  furnished  with  apparatus  of  the  rudest  character.     Up  to 
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(his  period  (July  9)  our  own  vacuum  apparatus  has  not  been  sufficient- 
ly advanced  to  enable  us  to  pursue  our  operations  by  its  aid  ;  neverthe- 
lesS)  owing  to  the  superior  defecating  power  of  the  subacetate  of  lead, 
we  have,  even  with  the  old  and  rude  machinery,  obtained  a  result  of 
more  than  16  instead  of  7  per  cent,  of  sugar.  Our  striking  teaches,  or 
final  evaporating  pans,  we  were  under  the  necessity  of  removing  in 
order  to  afford  the  requisite  space  for  our  own  machinery  ;  hence  we 
were  reduced  to  the  necessity  of  concluding  our  process  of  concentra- 
tion* in  a  brass  pan  of  conical  form  and  holding  about  600  imperial 
gallons,  thus  materially  increasing  the  difficulty  of  the  evaporative  pro- 
cess. Hitherto  only  one-sixth  per  cent,  on  the  juice  of  sub-acetate  has 
been  used, — but  I  imagine  the  quantity  may  be  advantageously  increas- 
ed. As  filtration  is  indispensable  for  the  conducting  of  this  process, 
considerable  fear  was  entertained  lest  fermentation  might  supervene. 
This  fear,  however,  practice  has  dcnK>nstrated  to  be  groundless,  inas- 
much as  we  possess  in  sulphurous  acid  an  agent  most  antagonistic  to 
fermentation.  Another  speculative  fear  was  lest  danger  might  arise 
from  the  lead  employed :  this  fear,  too,  practice  demonstrates  to 'be  en- 
tirely without  foundation,  for  not  only  is  the  sulphite  of  lead  most  easily 
removed, — but  even  were  it  to  remain  no  injury  could  supervene,  inas- 
much as  this  agent  is  as  harmless  as  chalk. 

In  continuation  : — Observations  on  the  Sulphite  of  Lead  were  made 
by  Dr.  Gr£Goby, — who  stated  that  he  had  made  experiments  on  the 
sulphite  of  lead  formed  in  this  process.  He  admitted  that  an  infinitely 
small  portion  might  still  remain  in  the  sugar,  but  that  he  considered  it 
quite  innocuous.  He  had  indeed  fed  rabbits  and  dogs  with  food  which 
had  been  united  with  this  sulphite  of  lead,  and  the  result  was  that  they 
thrived  amazingly,  showing  no  symptom  of  any  of  the  known  effects 
of  lead.  Dr.  Gregory  also  remarked  that  in  testing  sugar  for  lead 
with  the  hydro-sulphuret  of  ammonia,  iron  was  often  mistaken  for  the 
former  metal. 

Dr.  Christison  contended  that  we  had  no  evidence  that  the  sulphite 
of  lead  was  innocuous.  It  was  true  that  in  case  of  poisoning  by  car- 
bonate of  lead  sulphuric  acid  was  administered  to  convert  it  into  the 
comparatively  insoluble  sulphate ;  but  this  was  a  case  widely  different 
from  the  slow  accumulation  of  lead  upon  the  system.  Dr.  Christison 
adduced  some  examples  of  exceedingly  small  doses  of  lead  being  taken 
in  water  for  more  than  twelve  months  before  its  evil  effects  became  ap- 
parent. He,  therefore,  thought  it  yet  remained  to  be  proved  that  the 
sulphite  of  lead  was  without  action  on  the  system,  since  we  know 
nothing  of  the  influences  of  the  solvents  it  would  meet  with  in  the  system, 
or  of  the  influences  of  vital  action.  Rabbits,  he  was  prepared  to  say, 
should  be  entirely  rejected  in  these  inquiries,  since  he  had  found  that 
they  were  not  affected  by  many  poisons.  Dogs  and  cats  were  the  only 
animals  which  could,  from  their  internal  structure,  be  regarded  as  the 
representatives  of  the  human  system  in  these  investigations. 

On  the  Air  and  Water  in  Toums,  and  the  action  of  Porous  Strata  on 
Water  and  Organic  Matter ;  by  Dr.  R.  A.  Smith. 
It  is  a  matter  of  great  importance  to  find  from  what  source  it  is  best 
to  obtain  water  for  large  towns,  and  how  it  is  to  be  collected.    To  these 
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points  Dr.  Smith  particularly  directs  attentioo.  Regarding  the  condi« 
tions  of  many  springs,  which  never  become  muddy,  but  possess  a  con- 
stant brilliancy  and  a  very  equal  temperature  at  all  seasons  of  the  year, 
the  author  thinks  that  there  is  a  purifying  and  cooling  action  going  on 
beneath.  The  surface  water  from  the  same  place,  even  if  filtered,  has 
not  the  same  brilliancy ;  it  has  not  the  same  freedom  from  organic  mat- 
ter, neither  is  it  equally  charged  with  carbonic  acid  or  oxygen  gas, — 
there  are  other  influences  therefore  at  work.  The  rain  which  falls  has 
not  the  purity,  although  it  comes  directly  from  the  clouds ;  it  may  even 
be  wanting  in  cleanness,  as  is  often  the  case.  Springs  rise  through  a 
great  extent  of  soil,  and  collect  a  considerable  amount  of  inorganic 
salts ;  and  it  is  shown  by  Dr.  Smith  that  their  purity  is  due  entirely  to 
the  power  of  the  soil  to  separate  all  organic  matter,  and  at  the  same 
tinie  to  compel  the  mixture  of  carbonic  acid  and  oxygen.  The  amount 
of  organic  matter  removed  in  this  way  is  surprising,  and  it  is  a  most 
important  and  valuable  property  of  the  soil.  The  change  even  takes 
place  close  to  cess-pools  and  sewers ;  at  a  very  short  distance  from 
the  most  offensive  organic  matter  there  may  be  found  water  having 
little  or  none  in  it.  As  an  agent  for  purifying  towns,  this  oxydation 
of  organic  matter  is  the  most  extraordinary,  and  we  find  the  soil  of 
towns  which  have  been  inhabited  for  centuries  still  possessing  this  re- 
markable power.  St.  PauPs  churchyard  may  be  looked  upon  as  one 
of  the  oldest  parts  of  London,  and  the  water  from  the  wells  around  it 
is  remarkably  pure,  and  the  drainage  of  the  soil  is  such  that  there  is 
very  little  of  any  salts  of  nitric  acid  in  it.  If  the  soil,  says  Dr.  Smith, 
has  such  a  power  to  decompose  by  oxydation,  we  want  to  know  how  it 
gets  so  much  of  its  oxygen.  We  must,  however,  look  to  the  air  as  the 
only  source,  and  see  how  it  can  come  from  it  When  water  becomes 
deprived  of  oxygen,  it  very  soon  takes  it  up  again, — as  may  be  proved 
by  experiment.  This  shows  us  that  as  fast  as  the  oxygen  is  consumed 
by  the  organic  matter,  it  receives  a  fresh  portion,  conveyed  to  it  by  the 
porous  soil.  Several  experiments  of  the  following  character  were  giv- 
en, to  show  the  filtering  power  of  the  soil.  A  solution  of  peaty  matter 
was  made  in  ammonia ;  the  solution  was  very  dark,  so  that  some  color 
was  perceived  through  a  film  of  only  the  twentieth  of  an  inch  in  thick- 
ness. This  was  filtered  through  sand,  and  came  out  perfectly  clear 
and  colorless.  Organic  matter  dissolved  in  oil  of  vitriol  was  separated 
from  it  by  a  thickness  of  stratum  of  only  four  inches.  A  bottle  of  por- 
ter was  by  the  same  process  deprived  of  nearly  all  its  color.  The 
material  of  which  this  filter  is  made  is  of  little  importance.  One  of 
the  best,  according  to  Dr.  Smith,  as  far  as  clearing  the  water  is  con- 
cerned, being  of  steel  filings, — oxyd  of  iron,  oxyd  of  manganese,  and 
powdered  bricks  all  answering  equally  well.  This  shows  that  the  sep- 
aration of  the  organic  matter  is  due  to  some  peculiar  attraction  of  the 
surfaces  of  the  porous  mass  presented  to  the  fluid.  This  paper  was  a 
continuation  of  Dr.  Smithes  Report  published  last  year, — and  be  pro- 
poses continuing  the  inquiry. 

On  the  Proportion  of  Phosphoric  Acid  in  some  Natural  Waters ;  by 

Prof.    VoELCKBR. 

The  object  of  this  paper  was  to  draw  attention  to  a  natural  source 
from  which  many  of  our  fields  may  be  economically  supplied  with 
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phospboric  acid.  Prof.  Fownes  has  shown  that  traces  of  phosphoric 
acid  are  met  wiih  in  many  rocks  of  igneous  origin,  but  also  in  stratified 
rocks,  particularly  in  limestone  rocks,  the  presence  of  phosphoric  acid 
has  been  indicated  by  several  chemists.  The  author  found  the  propor- 
tion of  phosphoric  acid  in  graptolite,  from  the  neighborhood  of  Ciren- 
cester, amounting  to  0124  per  cent.,  equal  to 0260  of  bone-earth,  and 
in  Stonesfield  slate  from  the  same  locality  amounting  to  0*117,  equal  to 
0*244  per  cent,  of  bone-earth.  As  water,  charged  with  carbonic  acid,  is 
capable  of  dissolving  bone-earth,  this  important  fertilizing  substance  is 
found  in  many  natural  waters,  percolating  rocks  which  contain  phosphoric 
acid.  Such  waters,  therefore,  may  be  applied  with  advantage  for  irriga- 
tion. The  advantages  derived  from  this  too  often  neglected  natural  source, 
are  strikingly  exhibited  in  the  irrigated  meadows  in  the  neighborhood 
of  Cirencester ;  and  it  is  the  opinion  of  the  author  that  one  of  the  chief 
causes  of  the  beneficial  effects  which  follow  the  application  of  the  water 
for  irrigation  in  this  locality,  is  to  be  found  in  the  phosphate  of  lime 
it  contains.  In  a  tea-kettle  incrustation  formed  in  a  short  period  by 
(his  water,  the  proportion  of  phosphoric  acid  was  found  to  amount  to 
1*25  per  cent.,  showing  a  considerable  quantity  of  this  acid  present  in 
the  water.  A  very  hard  water  from  Edinburgh  likewise  proved  to  con- 
tain phosphoric  acid,  but  its  proportion  was  not  so  large  as  that  in  the 
Cirencester  water,  the  quantity  of  phosphoric  acid  in  a  boiler  incrusta- 
tion formed  by  this  Edinburgh  water  being  only  0*427  per  cent.  Sea- 
water  also  contains  phosphoric  acid,  but  the  proportion  amounts  to 
mere  traces.  A  quantitative  determination  of  phosphoric  acid  in  the 
boiler  deposit  of  a  Canada  stean^r  gave  only  0*0306  per  cent.,  and 
that  in  a  boiler  incrustation  of  a  steamer  plying  between  Dublin  and 
Liverpool  0*0424  as  the  per-centage  of  phosphoric  acid.  In  conclu- 
sion, the  author  recommended  Svanberg^s  test,  molybdate  of  ammonia, 
as  a  ready  means  for  deducing  the  presence  of  phosphoric  acids  in 
natural  waters. 

The  Phosphorescence  of  Potassium ;  by  Mr.  W.  Petrie. 

While  speculating  on  the  consequences  of  the  dynamical  theory  of 
beat,  I  was  led  to  the  conclusion  that  cold  potassium  ought  to  be  found 
luminous ;  and  farther,  that  it  ought  to  be  only  about  a  tenth  part  as  Zu- 
minous  as  phosphorus.  On  testing  this  experimentally,  with  the  precau- 
tions for  sensitive  vision  which  the  anticipated  feebleness  of  the  light 
indicated  to  be  necessary,  the  result  was,  that  on  dividing  a  bit  of  po- , 
tassium^  (which  was  quite  dry,  being  protected  only  by  a  coating  of 
bees^  wax,)  the  halves  showed  two  distinctly  luminous  sections ;  the 
light  being  about  a  tenth  of  that  from  a  similar  surface  of  phosphorus, 
as  far  as  the  eye  could  make  the  comparison.  The  light  diminished, 
naturally,  as  a  protecting  coating  of  oxyd  was  formed,  but  remained 
just  perceptible  to  the  most  sensitive  sight,  as  long  as  half  an  hour. 

On  the  presence  of  Fluorine  in  Blood  and  Milk;  by  Dr.  G.  Wilson. 
In  1846  I  announced  to  the  Royal  Society  of  Edinburgh  that  aAer 
finding  that  fluor  spar  was  soluble  in  water,  and  occurred  in  many  nat- 
ural waters,  I  thought  it  well  to  seek  for  it  in  milk  and  blood,  and  found 
distinct  evidence  of  its  presence  in  both.  The  proofs  however  were 
not  80  decisive  as  I  could  have  wished.    This  summer,  however,  I  have 
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employed  the  fresh  drawn  blood  of  the  ox.  About  26  imperial  pints 
or  8  gallons  of  blood  were  made  use  of.  Prom  the  large  scale  on 
which  the  experiment  was  conducted,  and  the  simplicity  of  the  process 
followed,  the  evidence  in  favor  of  the  presence  of  fluorine  in  the  blood 
of  the  ox  seems  unexceptionable ;  and  it  cannot  be  doubted  that  the 
blood  of  other  animals  will  be  found  to  contain  the  same  element,  i 
presume  it  to  be  present  in  the  state  of  fluoride  of  calcium,  and  that  its 
amount  is  very  small ;  but  I  have  not  attempted  its  quantitative  deter- 
mination. Milk  was  examined  in  a  similar  way,  with  nine  imperial 
pints  of  rich  milk  from  a  country  farm.  The  vapor  which  they  evolved 
etched  glass  distinctly.  The  ashes  of  twelve  pound  of  new  skim-milk 
cheese  made  this  spring  treated  in  the  same  way  occasioned  deep  etch- 
ing of  glass.  The  ashes  of  four  imperial  pints  of  whey  treated  in  the 
same  way  have  barely  marked  glass  so  as  to  show  the  faintest  outlines 
when  breathed  upon.  In  all  probability  the  fluorid  of  calcium  is  asso- 
ciated with  the  phosphate  of  lime,  and  when  milk  is  coagulated  sep- 
arates along  with  the  caseine.  Dr.  Wilson  also  stated  that  he  had  re- 
peated the  inquiry  into  the  solubility  of  fluorid  of  calcium  in  water,  re- 
ported to  the  Association  at  its  Southampton  meeting,  and  with  the  same 
result,  viz.,  that  16  fluid  ounces,  or  7,000  gr.  of  water,  at  60^,  dissolve 
0*26  gr.  of  fluor  spar. 

Another  New  Planet — On  the  13th  of  Sept.,  1850,  another  new 
planet  was  discovered  by  Mr.  J.  R.  Hind,  of  London.  Its  place,  Sept. 
13,  llh  29™  3-  Gr.  m.  t.  was  R.  A.  23^  44™  45^08,  and  N,  decl. 
14°  6™  42'"9.     It  is  probably  one  of  the  Asleroidal  group. 

Supposed  Stauroiide  of  Nonoichy  Mass. — Notwithstanding  the  re- 
semblance to  Staurotide  in  these  crystals,  and  the  identity  with  that 
species  in  the  prismatic  angles,  they  are  found  by  Mr.  W.  J.  Craw,  oh 
chemical  examination,  to  be  a  phosphate  of  manganese,  iron  and  lithia. 
Mr.  Craw  has  them  under  investigation,  but  has  not  yet  completed  his 
analyses.  Several  of  the  crystals  appear  to  have  a  slight  obliquity  be- 
tween the  terminal  and  lateral  planes« — J.  o.  d. 

General  Index. — We  close  this  volume  with  a  general  Index  to  the 
first  ten  volumes  of  this  series  of  the  Journal,  intending  to  continue  the 
plan  with  every  succeeding  tenth  volume,  believing  that  the  value  of 
the  Journal  will  be  thus  enhanced,  as  well  as  its  convenience  to  our 
readers.  Some  articles  now  on  hand,  are  consequently  deferred  to 
another  volume. — Eds. 


Errata. — ^The  Errata  of  the  ten  Yolumes  of  this  series  are  to  be  found  on  page 
yiii  of  each  volume,  also  in  volume  iit,  p.  464 ;  also  for  additional  errata  of  vol  i,  see 
vols  ii  and  iii,  p.  viii ;  of  vol.  iil,  see  voL  iv,  p.  viii ;  of  voL  v,  see  voL  vi,  p.  viii ;  of 
voL  vi,  see  vol.  vii,  p.  viii ;  of  vol  viii,  see  voL  ix,  p.  viii 

Other  Errata  not  mentioned,  are  as  follows : — 

Vol.  iv,  p.  278,   for  Tautolite,  read  Tachylite, 
p.  856,  in  note,  for  vol.  i,  read  voL  il 

VoL  V,  p.  837,  8  L  from  top,  for  Ca  C,  read  Ca  S. 

Vol.  vii,  p.  114,  2  1.  from  top,  for  Marbury,  read  Marboig. 
20  L  from  top,  for  4^1  Si,  read  5&Sl 

Vol.  viii,  p.  428,  7  1.  from  top,  for  Ephipphora,  read  Ephippiphora ;  add  for  Phil 
Mag.,  read  Ann.  Mag.  Kaf .  Hist 

Vol  iz,  p.  899,  last  line,  for  Journal,  raad  Prooeedings. 
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Abbadie,  A.  d*,  coroparison  of  Centigrade  and 

Fahrenheit  thermometen,  x,  881. 
Abai,  J.  Wm  journal  from  Bent's  Fort  to  St. 
Louis,  noticed,  iti,  901. 
Report  on  New  Mexico,  vi,  376. 
Abich^  excursion  to  Mt.  Ararat,  ii,  291. 

volcanic  plateaux  of  the  lower  Cauca- 
sus, V,  423. 
Academy,  American,  see  American, 

of  Natural  Sciences,  of  Philadelphia, 
Proceedings  of,  i,  311,  ii,  156,  303,  iii.  151, 
455,  iv,  149,  303,  455,  v,  152,  305,  460,  wi, 
156,  304,  vii,  458,  ix,  152,  4.58,  x,  149. 
ib..  Journal  of,  (in  quarto,)  v,303,  ix,  310. 
state  of  Cabinet  of,  v,  294. 
F.  B.  Wilson's  donations  to,  ii,  296. 
V.294. 

of  Sciences,  at  Paris,  members  elected, 
ii,  291,  iii,  451. 
Acalephs  of  North  America,  Agauix^  x,  272 
Acetate  of  iron,  remedy  for  arsenic,  i,  106. 

of  lime,  in  coal  pits,  iv,  275. 
Acetic  acid,  preparation  of,  W,  J3.  and  R,  E 

RogtTM^  ii,  20. 
AchiUeine  in  the  Achillea  millefolium,  iii, 

426. 
Add,  new,  in  human  urine,  i,  104. 
acetic,  separation  of,  ix,  419. 
allophanic,  ▼,  409. 

arseniferous  sulphuric,  how  purified,  i 
111. 
aspartic,  vi,  420,  x,  262. 
benzoic  from  htppuric,  iii,  257. 
benzoardic,  i,  1 19. 
boracic,  in  Tuscany,  ix,  431. 

influence  in  vitrificatioo,  ix,  305. 
ether  compounds  of,  ii,  418. 
bromo-boracic,  ii,  113. 
butyric,  of  soaptree,  ix,  116. 

separation  of,  ix,  419. 
butyro-acetic,  v.  258. 
carbonic,  absorption  of,  Uogertt  vi,  96. 

action  of  solid  with  oases,  v,  184. 
carminic,  v,  414. 
of  castor  oil,  viti,  106. 
chloric,  preparation  of,  v,  262. 
cbloroniceic,  viii,  412. 
chromic,  preparation  of,  ii,  261. 
chryM>lepic,  viii,  108. 
•yaoic,  action  on  alcohol,  v,  409. 


Acid,  formic,  in  stinging  nettles,  x,  106. 
sallic,  tannic  transformed  into,  v,  181. 
hippuric  affording  benzoic,  iii,  257. 
hyoro-bromic  and  hydriodic,    prepara- 
tion of,  ix,  421. 
hydrofluoric,  v,  408. 
hypochlorous,  ii,  261. 
iodic,  preparation  of,  i,  259. 
lactic,  from  cane  sugar,  i,  107. 

action  of  chlorine  on,  x,  258. 
margaritinic,  viii,  263. 
margaric,  viii,  870. 
metacetonic,  v,  258,  x,  8S& 
metallic,  researches  on,  i,  104. 
nitric,  test  for,  i,  108. 

action  of  sulphuretted  hydrogen 
on,  V,  861.  ^ 

anhydrous,  viii,  270. 
some  combinations  ai,  v,  117. 
some  hydrates  of,  v,  263. 
action  on  woodjr  fibre,  ix,  20. 
nitrous,  estimation  of,  ix,  114. 
nitro-<K>ccusic,  v,  414. 
nitro>phenisic,  viii,  108. 
perchromic,  v,  123. 
phosphoric,  preparation  of  pure,  i,  109. 
separation  o^  n,  Ro$e^  viii, 
181,  ix,  283. 

anhydrous,  action   on   the 
amids,  v,  263. 
picric,  viii,  108. 

Porter's  new,  resembling  pectic,  ix,  80. 
prussic,  i,  105. 

new  test  for,  IMig,  iv,  101. 
salicylic,  ii,  409. 

sehasic,   action  of  nitric  acid  on,  A. 
Schlieper,  vii,  420. 

stearic  and  margaric,  Laurent  and  Chr" 
hardt,  viii,  270. 

succinic,  preparation  of,  (torn  malate  of 
lime,  ix,  117. 
sulphuric,  manufacture  of,  vi,  113, 868. 

dehydration  of,  v,  184. 
of  tobacco,  ii,  112,  iii,  423. 
tartaric,  fermentation  of,  iv,  271. 
valerianic,  i.  262,  ii,  112,  ix,  419. 
of  the  bark  of  Viburnum  opulus,  ii,  411. 
Acids,  common  origin  of  certaui,  RedtenbtuA- 
er,  iii,  254. 
fot.  of  the  oil  of  Ben,  P.  Walter,  iv,  271. 
sulphur,  analyses  of  some,  viti,  109, 110. 
Acid  rain,  i,  112. 
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Acid  •prings,  T.  S.  Hunt,  vii,  175,  viii,  364, 
W.  B.  Ropers,  ix,  123. 

waters  of  New  York,  Craw  and  Emi, 
11,449. 

reaction  of  the  gaitric  inice,  it,  102. 
ActinoHshemittry,  notice  of,  i,  2M. 
Adams,  C.  B.,  Geology  of  Vermont,  i,  310. 

on  a  small  omithichnite,  ii,  215. 

furrows  on  rocks  dependent  on  ttmc- 
ture,  iii,  433. 

geological  distribution  of  mollnsca,  r,\0&. 

on  the  taconic  rocks,  v,  108. 

on  a  polished  lock,  v,  110. 

on  clayslones,  ▼,  1 10. 

on  a  fractured  and  repaired  Argonauta, 
vi,  137. 

new  species  of  Haliotia,  vi,  138. 

Report  on  Vermont  by,  noticed,  iii,  144. 

Contributions  to  Conchology  by,  no- 
ticed, ix,  133. 
Adams,  T,  B^  experiments  with  gun  cotton 

in  blasting,  iv,  139. 
Adulteration  of  olive  oil,  detection  of;  iv,  272. 
Adulterations  in  medicines,  ▼,  139. 
Aerolites,  see  Meteorites. 
Affinity  aflfected  by  cold,  i,  256. 
Africa,  wild  animals  of,  x,  134. 

on  the  negro  races  of  oriental,  x,  276. 
African  bat,  a  new  species,  E.  HallowdL,  ii, 

273. 
Agassiz,  L.,  geological  development  of  ani- 
mal life,  i,  280. 

on  nomenclature,  iii,  302. 

Moose  and  Carabou,  and  American  Ra- 
ven distinct  from  European  species,  iii,  436. 

analosy  between  the  fossil  flora  of  Eu- 
rope and  recent  of  America,  iv,  424. 

water  tubes  of  fishes,  vi,  431. 

structure  of  the  foot  in  embrvo-birds, 
and  bearing  of  the  facts  on  the  classifica- 
tion of  birds,  vi,  432. 

on  the  erratic  phenomena  about  Lake 
Superior,  x,  83. 

on  the  circulation  and  digestion  in  the 
lower  animals,  x,  123. 

new  soological  species  from  Lake  Supe- 
rior, described  by,  x,  125.  | 

contributions  to  the  Natural  Histofy'of 
the  AcalephsB  of  N.  America,  x,  278. 

the  classification  of  insecu  from  embry- 
ological  data,  x,  304. 

relations  of  animals  and  the  elements  in 
which  they  live,  ix,  369. 

works  by,  noticed,  ii,  300. 

Principles  of  Zoology  by,  noticed,  vi,  15 1 . 

Bibliographia  of,  noticed,  vii,  454. 

Lectures  on  Embryology  by,  noticed, 
viii,  156. 

work  on  Lake  Superior,  by,  noticed,  ix, 
309,  455. 

arrival  in  the  United  States,  ii,  440. 

accepts  a  professorship  in  Ilarvard,  iv, 
449. 

editor  of  the  2kx>Wical  Journal,  x,  287. 
Agriculture,  notice  of  E.N.  Hors/onTschem 
ical  essoys  relating  to,  iii,  144. 

J.  P.  NorUm*s  memoir  on  the  oat,  iii, 
145,  222,  318. 

Elements  of  Scientific,  or  the  connec- 
tion between  science  and  the  art  of  Prac- 
tical Farming,  by  J.  P.  Norton^  x,  146. 


Agricultural  Botany,  notice  of  I>BrIiiigtaB*s, 

IV,  451. 

Society  of  New  York,  tranaactkma  oC, 
vUi,  307. 
Air,  atmotpheric,  on  the  qnantity  of  heat 
evolved  from,  by  conpreaskm,  J.  Q^rris, 
X,  39, 214. 

vitiated,  of  apartments,  bow  Astriboted, 
ii.  412. 
Air-pump,  improvements  in,  x,  884. 
Alabama,  coal  of,  i,  371. 
fossils  of,  i,  395. 
■eufflodon  oC  iii  185. 
coal  planu  of,  ii,  228. 
geoloiry  of,  ii,  419,  vi.  354. 
coal  fields  of,  C  LyeU,  iii,  37. 
nummulite  limestone,  age  €i^  C.  lAfdl, 
iv,  186,vu.  114. 
beaver  in,  iv,  885. 
ceoloffy  of,  C.  S,  Hale,  vi,  354. 
first  biennial  geok^caJ   report  ^  x, 
899. 
Albite  of  Upper  CaUfomia,  vU,  853. 

of  a  oonmdum  locality,   aoalyaia  oC 
B.  SilUman,  Jr.,  vi'ii,  389. 
Albumen,  products  from  the  decompoaiiiQO 
o<;  VU,  107. 
analysis  of,  vii,  110. 
Albuminous  substances,  changes  of;  in  tiM 
stomach  dorinp;  digestioii,  Mmder,  iv,  40L 
Alcargene,  relations  of  glyooeoU  with,  T.  S. 

Hunt,  iv,  106,  266. 
Alcohol,  incandescence  of  iron,  copper,  Ac, 
in  the  vapor  of,  ii,  260. 
and  alaehyde  acted  on  by  cyanic  acid, 

V,  409. 

detection  of  traces,  iv,  102. 
Aldehyde,  preparation  of,  TV.  B.  and  R.  E, 
Rogers,  ii,  80. 

alkaloids  of,  v,  122. 

action  of  alkalies  and  acids  eo,  H.  Wm^ 
enbuMck,  viii,  268. 
Ale,  inorganic  constitoents  of,  vii,  108. 
Aleoxodes,  species  of,  ix,  108. 
Alexander,  X  H,  a  crystallographic  aaao- 
randnm,  v,  136. 

tension  of  vapor  of  water,  vi,  810,  317. 

new  formula  for  interpolationa,  vii,  14. 

new  protractor  for  trisecting  anglea,  vii, 
843. 

new  tables  of  the  preasore  of  sleun  at 
various  temperatures,  vii,  361. 
Alexander,  S.,  physical  phenofnena  depend- 
ent  on  the  progreaaive  motion  of  light,  vi, 
397. 

fundamental  principlea  of  mathewetica, 
vii^  178,  329. 

on  the   common   origin  of  the  aaall 
planets,  vii,  447. 
AlgK  of  the  U.  S.,  J.  W.  fiot&y,  iii,  80,  399. 
vi,  37. 

on  collecting  and  preserving,  IV.  H.  Hot- 
eey,  vi,  42. 

Genera  and  Orders  oA  by  J.  Q.  Agardk, 
noticed,  viii,  453. 

Species  of,  by  F.  T.  Kiitxmg,  noticed, 
viii,  454. 

Tabule  phycologice,  by  F.  T.  Kiitzmg, 
noticed,  viii,  454. 

works  on,  by  IV.  H.  Harveif,  noiieed, 
viii,  453. 
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Alger,  F.,  notices  of  minerals,  i,  121,  122. 
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101. 
Algeria,  salt  and  salt  springs  in,  iii,  432. 

galena  and  iron  ore  in,  vi,  27L 
Alprite,  viii.  103,  x,  T7. 
Alkuli,  new  organic,  furAiroIine,  Q,  Fotpncs, 

ii,  407. 
Alkalies,  organic,  on  the  artificial  production 
of,  ii,  407. 
aiiilene,  ii,  409. 
from  aldebyde,  v,  122. 
organic,  composition  of.  A,  Laurent^  vi, 
420. 
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Allium  sativum,  allyle  from,  ii,  410. 
Alluphane,  vii,  411. 
Alluvial  depodu  of  the  Blissiseippi,  C.  LyeU, 

iii,  34. 
Alluvium  and  drift  of  Ohio  and  the  west,  v, 

205. 
Almanac,  observations  on  American  Nauti- 
cal, vii,  123. 
Allyle,  a  new  radical,  and  its  compounds,  ii, 

410. 
Aloes,  bitter  principle  of;   precipitated  by 

charcoal,  Weppens,  ii,  260. 
Alps,  age  of  numroulite  formotion  ci,  z,  S85. 
Altai,  trend  of,  iii,  383. 
Alumina,  solubility  of;  in  ammooiated  water, 
iii,  256. 

separation  of,  from  oxyd  of  iron,   W. 
Kuop,  iv,  102. 
new  hydro-silicate  of,  viii,  122. 
nitrate  of,  ix,  33. 

separation  of;  from  phosphoric  acid,  ix, 
283. 
Alum,  made  from  greensand,  H.  Wurtz,  x, 
326.  I 

Amalgamation  of  iron  and  steel  to  prepare 
for  fire-gilding,  ii,  266. 
new  mode  of,  O.  N.  Stoddard,  vii,  431. 
Amber,  product  of  di«tiliation  of;  viii,  114. 
Ambystoma,  species  oA  ix,  138. 
America,  Western,  observations  on,  J.  D. 
ikiia,  vii,  376. 

coast  of,  vii,  377. 
mountains  of,  vii,  390. 
rivers  and  valleys,  vii,  394. 
climatal  cause  of  distribu- 
tion of  forest  and  prairie  regions,  vii,  387, 
389. 
American  Aborigines,  ethnography  and  ar- 
chsBolosy  of,  &.  O.  Morton,  ii,  1. 

Academy  of  Arts  and  Sciences,  Bos- 
ton, memoirs  of,  i,  453,  vi,  456,  vii,  149, 
ix,  311. 
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American  Academy  of  Arts  and  Sciencee, 
Proceedings  of,  iii,  311,  iv,  455,  vi,  304,  vii, 
453,  viii,  m. 

Almanac,  1850,  noticed,  iz,  152. 

Association  for  tl)e  Advancement  of  Sct- 
enoe,  vi,  294,  393,  vii,  151,  U,  453,  z,  136, 
287,  293. 

diseases,  Drake*$  work  on,  iz,  456. 

Ethnological  Society,  transactions  o^ 
vii,  456. 

Philosophical  Society,  Philadelphia, 
Journal  of,  iv,  148,  v.  304. 

ib..  Proceedings  of,  iv,  148,  vi,  156,  viii, 
160,  iz,  152,  459. 

mounds  and  relics  of;  E.  G.  Squier,  ii, 
284,  287. 

prime  meridian,  viii,  394,  iz,  184. 

geologists,  tribute  of  respect  to,  by  E.  de 
Beaumont,  v,  137. 
Amethyst,  coloring  ingredient  not  manga- 
nese, ii,  413. 
Amherst,  cabinet  and  observatory  of,  vi,293. 
Amitns,  species  of,  ix,  109.  ^ 

Ammonia,  amount  of;  in  the  atmosphere,  iz, 
115. 

on  compound,  A.  Wurtz,  iz,  281. 

nitrate  of,  on  the  decomposition  of,  £, 
MiUon,  iv,  269. 

influence  of,  on  nutrition,  iv,  273. 
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for,  J.  Litbig,  IV,  101,  269. 
Amoibiie,  a  new  mineral,  ii,  416. 
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ii,  264. 
Analogy,  philosophical,  v,  33,  319, 328. 
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ibid,  H.  Wurtz,  x,  80. 
ibid,  W.  J,  Craw,  viii,  379,  x,  117,  383. 
ibid,  G.  J.  BruMh,  viii,  390,  x,  370. 
ibid,  tee  farther  under  Mineral. 
of  lavat  of  Hecla,  vii,  114. 
of  phosphates  of  manganese,  viii.  111. 
of  some  sulphur  acids,  viii,  109, 110. 
of  certain  «>ld -colored  bronze  antiqui- 
ies  found  at  Uowris,  x.  111. 

of  meteorite  of  Braunau,  v,  338,  vi,  346, 
▼ii,  171. 

of  Texas  and  Lockport,  ii, 
370. 

of  Concord,  N.  H.,  iv,  353. 
of  Castine,  Me.,  vi,  261. 
of  waters,  for  bromine,  ii,  113. 

B.  SilUman,  Jr.,  ii,  218. 
M.  H.  Bovh,  ix,  123. 
of  the  Mediterranean,  viii,ll6. 
of  the  Dead  Sea,  viii,  444. 
of  water  from  a  hot  sprinff  in  the  region 
of  the  Great  Salt  Lake,  x,  134. 

of  mineral  waters,  in  Canada,  ix,  266, 
▼ii,  175,  viii,  364. 
of  acid  waters,  viii,  364,  ix,  449. 
of  sea-water,  Porchhammer,  iii,  289. 

fluorine  in,  WiUon,  ix,  118, 
1,413. 
Analytical  researches  on  sea-water,  Fordi- 

hammer,  iii,  289. 
Anastatic  printing,  example  of,  i,  449. 
Anatnse,  brookite  and  ruiile,  trimorphism  of, 

ii,  416. 
Anatomical   homologies   and    fundamental 
type  of  the  vertebrate  skeleton,  R,  Owen, 
iv,  123. 
Anchor-ice,  C.  Dewey,  x,  277. 
Ancient  level   of  the  sea  in  Fmmark,    i, 

273. 
Andalusites,   transparent,   from    Brazil,  ii, 

119. 
Andesite,  x,  254. 
Anemometer,  modification  of  WhewelTs,  iii, 

138. 
Anemometry,  contributions  to,  ix,  145. 
Aneroid  barometer,  viii,  288. 

examined  by  Lovering, 
iz,249. 
Angelot  on  the  earth*s  contraction,  iii,  178. 
Angles,  protractor  ibr  trisecting,  J.  H.  Alex- 
ander, vii,  243. 
Anilene,  remarks  on,  ii.  409. 


Anilene,  compoonds  of  pbospbofie  wad  wiih, 
C.  NichoUoH,  iv,  108. 

decompositioD  at,  by  nitrous  acid,  T.  S. 
Hunt,  viii,  372. 
Animal  life,  geological  dev^lopiBcnt  oC  i> 

280. 
[        chemistry,  MuUer,  [yr,  402. 

resaarcbes  in,  J.  Ijiebig,it, 
135,296. 
I       natural  classification  of,  ▼,  428. 

hibernation  of,  ▼,  106. 
I        sense  of  pain  in,  O.  R,  RaweU,  vi,  89. 
on  the  circulation  and  digestion  in  the 
lower,  X,  12a 
copper  in  the  bodies  ci,  ft,  422. 
ino^^anic  matter  in    the  blood  U^  ▼!, 


motion  of  fluids  in,  ▼,  415. 
relation  of;  lo  the  elements  in  which 
I    they  live,  ix,  369. 

wild,  of  Africa,  x,  134. 
I        see  £srther,  Zoology. 
Animalcules  thoughts  on,  by  G.  A.  MmmidL, 

noticed,  ii,  149. 
I        see  fiuther  Infusoria, 
Anisole  and  salicylic  ether,  by  A.  Calsaii, 
I    ix,279. 
Annals  of  the  Lyceum  of  Natural  History, 

New  York,  see  Lyceum. 
Annales  des  Sciences  Naturellea,  new  series 

of,  i,  310. 
lAnnnaire  roasnetique  et  meteonrfogique  de 

Russie,  i,  139. 
Annual  of  scientific  discovery,  by  Oeorg9 
miss,  Jr.,  and  David  A.  Wdls,  ix,  309, 
454. 
Anomodon  Snyderi,  new  mammal,  ▼,  106. 
Anorthiie  in  meteorites,  C.  U.  Sk^pard,  n, 

381. 
Anser  nigricans,  O.  N.  Lawrence,  iii,  435. 
Ansted,  D.  T.,  work  by,  oo  Geology,  noticed, 
iv,300. 

elementary  course  of  Geology,  BGnenl- 
ogy,  and  Physical  Geography,  x,  144. 
Ant  nesu,  Cremastochilus  m,  S,  S.  HaUe 

man,  vi,  148. 
Ants,  black,  tenacity  oi  life  in,  vi,  292. 
Antares,  ii,  280,  434. 
Antarctic  continent,  i,  307,  x,  137, 287. 

ocean,  diotomaceous  vegelatioQ  c€,  J. 
ifooAer,  IV,  424. 
Expedition,  H^tZilwf**,  vindicated,  ▼,  987. 
voyage  of  J.  C.  Ross,  reviewed,  vii, 
813,  viii,  14. 
continent  seen  by  J.  C  Ross,  ▼ii,  S5w 
volcanoes  of,  vii,  328,  329. 
flora,  notice  of  Hooker* s,  ▼iii,  161. 
Antelope,  a  new  species  of^  ▼,  279. 
Anthony,  J.  O.,  on  foesil  Asterias,  i,  441. 
impressions  of  the  soft  parts  of  an  ortho- 
ceres,  vi,  132. 
Anthon,  solubility  of  gypsum,  ii,  114. 
Anthracite  coal,  contains  distinct  ducta,  i, 
407. 
fluorine  in,  Q.  C.  Scheefer,  m,  422. 
vegetation  of,  J  E.  Tfschemacker,  iv, 
420. 

blast  furnace  for  smelting  iron  with,  5. 
S.  HttUeman,  vi,  74. 
Antimoniate  of  lead,  native,  ii,  414. 
Antimonite  of  mercury,  native,  viii,  127. 


Digiti 


zed  by  Google 


IRDCX,    VOL».    I — X. 


419 


AntiquitiM  of  bronie,  mnalyns  oC  x.  111. 

Antje  thip,  hurricane  of,  1842,  i,  2. 

Apatite  in  limestone,  souree  of^  J.  D.  DanOt 
u,88. 
and  apatoid  in  meteoritea,  ii,  379. 

Aphanite,  x,  254. 

Aphides,  F.  Walker^  preparing  a  work  on, 
ii,  427. 

Appalachians,  origin  of,  J.  D.  DatuL,  iii,  98, 
182. 
W,  B.  and  H.  D.  Roger*  on,  iii,  182 

Apas  longicaudatus,  J.  LeConte,  ii,  274. 

Arago^  on  the  moon,  cited,  ii,  335. 

opinion  of,  respecting   foretellin|[  the 
weather,  and  the  moon*s  influence,  iii,  141 

Ararat,  AbidC$  excursion  to,  ii,  291. 

Archeology  of  the   American   Aborigines, 
5.  Q.  Morton,  ii,  1. 

ArckiaCf  work  by,  on  the  Progress  of  Geolo- 
gy, noticed,  vi,  134. 

Archives  dee  Sciences  Physiques  et  Natu- 
relies,  a  new  journal,  i,  453. 

Architects,  Hinto  to  young,  a  work  by  O. 
Nightwick,  noticed,  iv,  3^. 

Aigonauta,  fractured  and  repaired,  C.  B, 
AxUmu,  vi,  137. 

Arkansas,  minerals  of,  ii,  249,  iv.  279,  viii, 
274. 

Arkansite,  ii,  250,  iv,  279,  vii,  433,  viii,  274. 

Arkose,  viii,  424. 

Arragoniie  and  Calc  Spar  isomeric,  ii,  417. 

Arseniate   of  magnesia  and   ammonia,  iii, 
423. 

Arsenical  preparations,  antidote  for,  i,  108. 
and  antimonial  tacbes,  iodine  for  dis- 
tinguishing, ii,  111. 

Arsenic  in  mineral  waters,  iii,  260,  vi,  422, 
ix,  418. 
in  vinegar,  iv,  272. 

an  organic  compound  containing,  W8h' 
ler,  viii,  269. 

Arseniferous  sulphuric  acid,  how  purified, 
i,lll. 

Artesian  wells  of  Grenelle  and  Mondroff,  i, 
264. 

at  Fauvelle,  iii,  135. 
in   the   Duchy  of  Luxem- 
bourg, iii,  142. 

Arctic   Expedition  in   search  of  Sir   John 
Franklin,  vi,  149,  446. 

Arctic  regions,  navigation  of,  viii,  292. 

Artificial  stone  for  snnding,  i,  302. 
marbles,  ii,266. 
building  material,  vi,  145,  446. 
aving  material  of  India   rubber,   vi. 
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specular  iron,  i,  430,  ii,  411. 
crystallizatioa   of  gems,  Ebelmen,  vii, 
427. 
asbestus,  i,  429. 
aventurine,  i,  430. 
Ashes  of  fossil  coal  microscopically  examin- 
ed, i,  124,  407. 
analysis  of,  Meiimann,  vii,  292. 
Asia,  western,  meteorological  observations 
in,  ii,  72. 
remarks  on  the  weather  of,  ii,  77. 
Asia,  Koordistan,  notices  oA  springs,  mines, 

&c.,  iii,  347. 
Asia  Minor,  emery  in,  vi,  272,  vii,  283,  x,  354. 
Asparamide,  iii,  258. 


Asparagineand  aspartic  acid,  vi,  420. 
Aspasiolite,  a  new  mineral,  analysis  oil  v, 

Si,  384. 
Assooiatum  of  Geologists  and  Naturalists, 
notices  of,  ii,  144,  441,  iv,  146,  427»  v,  102, 
243,285. 
Association  American,  time  of  meeting  and 
oflicers  of,  vi,  294 ;  meeting  in  18^  vi, 
393;  in  1849,  vi,  401.  viii,  145,  311,  444, 
ix,  454 ;  in  1850,  ix,  453,  x,  136,  287. 

firitibh,  ii,  441,  iii,  133,  iv,  238,  vi,  445, 
vii,  270,  viii,  444,  x,  287,  303. 
Asteroid,  tenth,  Diana,  vi,  278. 
Diana,  not  discovered,  vii,  290. 
new.  Metis,  vi,  140,  278,  438. 
Hebe,  elements  of,  vi,437. 
Asteroids,  orbits  of,  B.  A.  Gould,  vi,  28. 

times  of  discovery  of,  x.  308. 
Asterias,  two  species  found  in  blue  lime- 
stone, 1,441. 
Astrea,  a  new  planet,  i,  293,  443,  ii,  434. 

a  genus  of  zoophytes,  J.  D.  Dana,  ix,  295. 
Astringent  substances  for  tanning,  test  for, 

vi.  112. 
Astronomical  notices,  i,289,  443. 
instrumenu,  i,  298. 

observations,  M.  F,  Maury's,  Tolome  of, 
noticed,  iii,  150,  278. 

J.  M.  CHUus'i,  noticed,  iii, 
149. 

memoir  on  colors  of  stars,  by  P.  B.  Se»- 
tini,  noticed,  iii,  281. 
clock  with  galvanic  register,  vii,  206. 
electric  telegraph  adapted  to,  viii, 
231,  X,  151. 
expedition  to  Chili,  circular  for,  viii,  303. 
Journal,  by  B,  A.  Oould,  viii,  449,  ix, 
151,  309. 
Astronomy,  outlines  o(,  by  J.  F.  W»  Herschd, 
noticed,  viii,  456. 
progress  o^  iv.  240. 
Atheriastite,  x,246. 

Atlantic,  facts  concerning,  M,  F.  Maury,  vi, 
399. 
waves,  <Scores6y,  x,  386. 
Atlas,  Physical,  of  natural  phenomena,  John" 

9ton'$,  ix,  454. 
Atmidoscope,  vi,  296. 

Atmosphere,  height  of  plane  of  vapor  o^  in 
tropics,  J.  C.  tiast,  vii,  315. 
on  the  extinction  of  light  in,  x,  129. 
in  the  moon,  ii,  335. 

E.  Loomu,  on,  ii,  432. 
Atmospheric  currents,  remarks  on  the  cause 
of,  W.  C.  Redjield,  iii,  284. 
waves,  report  on,  W.  R.  Birt,  iv,  433. 
Atomic  weight  of  Iron,  i,  103. 
of  Zinc,  i,  104. 
of  Uranium,  i,  262. 
of  Titanium,  iv,  103. 
of  Potassium,  viii,  411. 
of  Carbon,  viii,  411. 
of  Silver,  viii,  411. 
of  Silica,  viii,  414,  ix,  284. 
of  Barium,  ix,  176. 
of  Ruthenium,  ix,  422. 
of  Molybdenum    and    sul- 
phur, x,  264. 
weights,  table  of;  ix,  217,  368. 
volume  of  some  minerals,  ix,  820,  407, 
429,  X,  121. 
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Atomic  volame  of  tome  ifomorphoas  oiyila 
of  the  regular  lystam,  C.  Qerhardt^  iv, 
405. 

of  salphnr  and  nitrogen,  oq 
anomaliea  in,  T.  S.  Hunt,  vi,  170. 
Aw)^adro  on  fi,  114. 
Atoms,  velamet  of,  i,  114. 

views  of,  Faraday  on,  ii,  401. 

of.  J.  D.  ^ft^PJ^  on,  ii,  401. 
Atoms,  divisibility  of,  vi,  329. 

forms  and  auraction  of,  J.  D.  Dana,  iv, 
364,  V,  100. 
Atops  trilineatns,  identical  with  Triarthus 

Beckii,  ▼,  107,  SU. 
Altmction,  cohesive,  J.  D.  Dana,  iv,  354,  ▼, 

100. 
Auckland  islands,  vii,  382. 
Audouard,  arsenic  in  chalybeate  waters,  vi, 

422. 
Auriferous  glass,  vi,  255. 
Augite,  isomorphism  with  Mianryrite,  ix,  499. 
Aurora  BoreolM,  Nov.,  1846,  E,  C.  Herrick, 
iii,126. 

of  Nov.  17, 1848,  vii,  127. 
293 

of  Oct  1839,  J.  C.  Rom, 
vii,  315. 

ciiuse  of,  ix.  450. 
Report  on,  by  a  commis- 
aion  to  Scandinavia,  noticed,  iv,  142. 
Australis,  J.  C.  Ro»8,  vii,  322,  viii,  16. 
Auroral  arches,  height  of,  T.  Chevalier,  iv, 
436. 
belt,  April  7,  1847,  iii,  440,  iv,  145. 
bow  of  April  7,  1847,  E.  C.  Herrick,  vii, 
126. 
Aueten^  T.,  monograph  on  fbasil  crinoidea, 

noticed,  ii,  446. 
Australia,  extinct  mammals  of,  i,  129. 
natives  of,  i,  302. 
rivers  diacovered  in,  ii,  290. 
mines  in,  ii,  291,  iv,  255,  vi,  134,  vii,  188, 
native  gold  in,  iii,  143,  viii,  290. 
fossils  from,  ./.  D.  Dana,  iv,  151,  v, 
433. 
flood  in,  vii,  130. 
denudation  in,  ix,  289. 
expedition  into,  projected  by  Kennedy, 
vii,  137. 
climate  of,  J.  Gould,  x,  131. 
low  state  of  development  of  the  mam- 
mals and  birds  in,  x,  124. 
Autographs,  collection  of,  for  sale,  vi,  448. 
Aventurine,  artificial,  i,  430;  v,  412. 

ginze  for  porcelain,  viii,  440. 
Avogadro,  on  nioroic  volumes,  i,  114. 
Avenine,  iii,  329,  331,  v,  28. 
Axinite  in  fossiliferous  rock,  ii,  123. 

in  Maine,  vii,  286. 
Azores,  new  mineral  from,  iii,  32. 

a 

Babbage,  C,  work  on  the  temple  of  Scrapie 
by,  noticed,  vi,  152. 

Babinet,  on  planetary  nebulous  masses  near 
the  sun,  iii,  444. 
on  a  planet  beyond  Neptune,  vi,  438. 

Babingtunite  at  Athol,  Mass.,  viii,  275. 

Bache,  A.  D.,  Report  by,  on  the  Coast  Sur- 
vey, noticed,  iii,  300,  v,  299,  307,  vu,  311, 
1,143. 


Backe,  A.  D.,  work  by,  on  Magnetic  andM*- 

teoroiogical  Observations  of  Gicaid  Col- 

lege,  noticed,  vii,  455.  ,  .      ^      , 

Bachdder,  J,  M.,   electricity  of  bands  of 

leather,  iii,  250. 
Bacon,  J.,  microscopic  exaninatioo  of  gno- 

eoiton,  iv,  445. 
Bograiionite,  viii,  126. 
Beieriue,  viii,  274. 

BaiUy,  J,  W.,  new  American  DeonidiaccsB, 
i,126. 

on  vegetable  ducts  in  anthradta  coal,  i, 
407. 
Alg«  of  the  United  Stales,  iii,  80,  399. 
notice  of  d'Orbagny's  work  oo  Foninn- 
ifera,  iv,  452. 

on  Spencer's  miciosoopes,  ▼,  S3S,  98S, 
443,  vii,  265. 
localities  of  Alg»,  vi,  37. 
infusoria  of  Maryland,  vii,  437. 
infusorial  stratum  in  Florida,  x,  282. 
Baird,  S,  F.,  editor  of  the  Iconographic  Ed- 
cyclopsDdia,  viii,  451,  ix,  151, 3o9. 
description  of  new  reptiles,  ix,  137. 
Baird,  W.,  work  on  the  Natural  History  of 

British  Entomoetracji,  x,  145. 
Bakevodi,  R,  whirlpool  and  rapida  at  Niaf- 

ara,  iv,  25. 
Balauus,  tertiary,  Tampa  Ba^,  ii.  400. 

eyes  of;  J.  Letdy,  vi,  136. 
BalfouT,  elected  to  the  botanical  ciiair  of 

Edinburgh  University,  i,  146. 
Balfour*$  manual  of  Botany,  noticed,  viii, 

3o3. 
Banana,  paper  from,  ii,  284. 
Banca,  on  the  island  of,  T.  Hofrefidd,  vii,  86. 

tin  mines  of,  viii,  291. 
Barbadoes,  geological  structure  of,  JZ.  fl. 

Sckombnrgk,  iv,  416. 
Barium  relations  to  strootinm,  calciiim  and 

magnesium,  Hontford,  ix,  176. 
Bark,  Peruvian,  V,  291. 
Barlow,  W.  H.,  cause  of  diurnal  variatioDa 

of  the  magnetic  needle,  ix,  445. 
Barometer,  high  state  of,  exterior  to  the  ronle 
of  a  storm,  W.  C.  Rtd^M,  i,  161. 

the  neeessitated  depression  of,  under  the 
rotative  action  of  storms,  W,  C.  RMddy 
11,311,317. 

the  eflfects  on,  by  two  or  more  cooverg- 
ing  or  consecutive  storms,  W.  C*.  Redfnik, 
ii,  314,  317,  and  plate, 
aneroid,  viii,  2cM,  ix,  249. 
BarraL,  on  nicotine,  v,  413. 
Barrande,  J.,  Silurian  System  of  Bohemia 

by,  noticed,  viii,  158. 
BarreewiU,  on  perohromio  acid,  v,  1S3.   ~ 
on  dehydration  of  sulphuric  add,  ▼, 
124. 
B<i^%   M,,  physiological   diacoveiiaa,   vi, 

Bartenback  and  AJOam,   extractioo  of  gold 

from  copper  ores,  ix,  297. 
Bertram  and  Marshall,  memoriala  o^  by  W. 

Darlington,  viii,  456,  ix,  85. 
Baryta,  preparation  of  hypophoaphate   o^ 

WurU,  ii,  112. 

of  caustic,  £.  Riigd^ 

iii,  424. 
Bary  tic  water  and  salts  of  baryta,  prapantin 

d;vi,423. 
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Bmamh  of  Lake  Superior,  ir,  1 18.  I 

BaMltic  rocks  and   columns,   Kergoelen'g 

Islands,  vii,  31^. 
Base  line,  measnrement  of,  t,  309. 
Bases,  vegetable,  how  affected  bj  the  Bicar- 

bonates,  i,  260. 
Basilosanrus,  J,  MUller,  iv,  421. 
Bat  from  Africa,  E.  HaOawett,  ii,  273. 
Baudrimoni^  M.  A.,  teratology  of  crystallixed 

bodies,  ▼.  419. 
Beaches,  ancient  sea,  R.  Chawhert^  ir,  323. 
Lake  Superior,  vi,  19. 
see  farther,  Terracet, 
Bear  Mountain  railroad,  reports  on,  and  geo- 
logical section,  i,  311. 
Beanwumt,  Etk  de,  tribute  to  Ameriean  geol 

ogists,  V,  137. 
Beaver,  range  o£  in  United  States,  iii,  434,  iv, 

286,  vi,  2^7. 
loweriaw of,  i,  61. 
Beckf  L.  C\,  work  by,  on  adulterations,  no- 
ticed, ii,  446. 
analysis  of  bypersthene,  x,  147. 
Becquerel,  £.,  on  the  electric  conductibility 

ot  certain  bodies,  ii,  255. 
oodueting  powers  of  metals,  viii,  185. 
ibid  of  solids  and  liquids,  viii,  333. 
on  electricity  from  muscular  contraction, 

viii,  405. 
Beer  and  MUdler,  work  on  the  moon,  cited,  ii, 

335,  336. 
Beeswax,  B.  C.  Brodie  on,  vii,  427. 
Beke,  C.  7.,  on  the  Nile,  iii,  447. 
Beleroniies,  note  on,  i,  285,  ix,  438. 
Belemnoteuthis,  ix,  438. 
Ben,  fat  acids  in  the  oil  of,  iv,  271. 
BenfcA,  A.,  on  sugar  of  milk  in  the  milk  of 

Carnivore,  V,  119. 
Bent's  Fort,  notes  on  the  region,  vi,  387 

389.  •  ^        , 

Benzamid,  sulphuretted.  A,  Cahowr$,  ix,  278- 
Benzenberg^  obituary  of,  ii,  297. 
Bensoate  of  potash,  action  of  chlorine  on, 

St.  Evre,  viii,  108. 
of  lime,  the  products  of  dry  distillation 
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Carioo|raphy,  J.  Cmrey  on,  ir,  SSL 

Camelian,  oxyd  of  iron,  coloring  Batter  of, 
ii,  413. 

Camivora,  milk  of,  i,  S63. 

sugar  of  milk  in  milk  of,  ▼,119. 

Carolines,  new  and  rare  planta  ol^  Jf.  A. 
Caireis,  vii,  406. 

Carptnier,  W.  B.,  on  microaoopic  ativetwe  of 
shells,  i,  283. 

Elements  of  Physiology  by,  noticed,  ii, 
147. 

on  the  atroctnre  of  the  Nonunnlina,  x, 
275. 

Carpenter,  W.  M.,  on  fossil  bonea  IroiB  Ten- 
nessee and  Texas,  i,  244. 
muscles  of  the  glass  snake,  ii,  89. 

Carter,  H.  J,  fresh  water  sponges  of  Bom- 
bay, X,  301. 

Cascade  mountains,  Oreron,  vii,  331. 

Case,  W.,  a  species  of  Helix  and  Ptanorbia, 
iii,  101. 

Caseine,  iii,  329,  iv,  403. 

pruducu  from,  ii,  112,  ▼,  119,  vii,  107. 

Caspian  Sea,  level  of,  vi,  148. 

Cassin,  J.,  on  the  Cymindis  Wilsonii,  it,  S8S. 
new  species  of  birds,  vii,  115. 

Casiini,  J.  D.,  obituary  of,  ii,  145. 

Castor,  iii,  430,  x,  250. 
oil,  acids  of,  viii,  106. 

Castoreum,  examination  of,  x,  259. 

Castoroides  Ohioensia,  x.  62. 

Catalogue  of  recent  abella,  also  fbond  fiioail, 
1,404. 

Catapleiite,  x,  245. 

Cats,  hybrids  among,  iii,  46,  49. 

Canraaus,  volcanic  plateaux  of  lower,  v, 
423. 

Cave,  (called  Cataract,)  Schohaiie,  i,  434. 

Cells,  formation  of,  i,  281,  436. 

Ceramohalite,  vii,  113. 

Cerotine  and  cerotol,  vii,  488. 

Cervus,  twoi^merican  spedea  diatiDct  horn 
European,  iii,  436. 

Chalcedonic  corals  of  Florida,  ii,  43. 

Chalk  and  coal,  firea  from,  iii,  451. 

formation,   geographical   limita  o£,    z, 
86a  -^  r- 

ChaUU,  new  theory  of  polariiatioo  of  Ugbt, 

iv,  412. 
Chamsa,  a  new  genua  of  birda,  W.  G«nW, 

iv,  886. 
Chamber*,  R.,  ancient  sea  maigina,  iv,  3S3, 

vii,  1,  viii,  33. 
reply  to,  by  J.  D.  Dana,  viii,  86. 
Channinr,  W.  F.,  work  on  Medical  a] 

tion  of  EUectrieity,  noticed,  viii, 
reaction  of  aoUd  carbonic  acid  with  ba- 

aes,  V,  184.  ' 

Chara,  influence  of  electric  cnrreniaon.  Dm- 

trockei,  ii,  133. 
Ckmuxl,  O^  on  the  benioic  seriea,  ix,  875. 
action  of  nitric  arid  on  bucvrone,  ix,  878. 
on  the  dry  distillation  of  benzoaie  of 

lime,  ix,  276. 
Chantonnite,  a  new  meteoric   minenJ,  ii, 

381. 
Charcoal,  mineral  precipitations  by,  ii,  860. 
Charts,  ecliptic  star,  vii,  890. 
Cha»e,  S^  treatise  on  Al^bra,  noticed,  x,  147. 
Chatm,  A.,  on  iodine  in  froah  waior  ptenis, 

x,iia 
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Chautenet,  Wm^  on  detenniiwtkMi  of  loogi- 
lode  by  the  moon,  viii,  226. 

Treatiae  on  Plane  and  Spherical  Trigo- 
nometry, noticed,  x,  900. 
Chemical  works  noticed,  7>cmer*fCbemUtry, 
ii,  148. 

FreaenuUt  C.  R.,  on 
chemical  analysis,  iii,  149 

SilUman,    B.,    Jr., 
Chemistry,  iii,  144. 

Chemistry    of    the 
Four  Seasons,  iii,  145. 

Oerkardt,  C,  on  or- 
ganic chemistry,  iii,  145,  iv,93,  J  71. 

Bowman,  J.  £.,  on 
chemistry  and  ehemical  analysis,  vii,  455. 
OmeUrTM  Chemistry, 
vU,456. 

Knapp,  F.,  Chemical 
Technology,  viii,  156,  308. 

Liebig  and  Kopp's  annual  re 
port,  noticed,  x,  2Sl 
Chemical  equivalents,  table  of,  ix,  217, 368. 
notation,  Gerliardi's,  ix,  364. 
action,  light  preventing,  R.  Hunt,  vii,  272. 
classification,  T.  S.  Hunl,  vi,  170,  viii,  89. 
Chemistry,  facu  in  physiological,  J.  Liebig^ 
iv,  135,  298. 
physiological,  G.  T.  Mulder,  iv,  402. 
Regnault's  elemenu  of,  noticed,  x,  304. 
Cheirotherial  footprints  m  Pennsylvania,  C. 

X'ye/Aii.25. 
Cbenopodiacee  from  near  New  York,  J.  Co- 

rttf,  vii,  167. 
Chenu,  Illustrations  Conchyliologiquet,   v, 

459. 
Cherroes  Castanes,  ix,  108. 
Cheiter,  C.  T.,  on  Morse's  telegraph,  v,  55. 
Chicory  coflfee,  A.  Chevalier,  viii,  441. 
Chihuahua,  silver  and  copper  mines  of,  vi, 

384,385. 
Chikiswalungo  iron  furnace,  v,  296,  vi,  74. 
Chili,  astronomical  expedition  to,  viii,  303. 

coal  in,  vi,  146. 
Chimpanzee,  daguerreotypes  of^  vii,  303. 

cranial  capacity  of,  ix,  39. 
China,  mineral  coal  in,  R,  C.  Taylor^  ii,  141. 
Chinese  map,  ii,  293. 

mirror,  analysis  of,  i,  118. 
vegetable  tallow,  ix,  116. 
Chiolite,  a  new  mineral,  iii,  267. 
Chippewa  Land  District,  report  of  eeological 

survey  of,  D.  D.  Owen,  reviewed,  x,  1. 
Chladnite,  ii,  381,  vi,  4lZ. 
Chloral,  new  mode  of  forming,  i,  260. 
Chlorasirolite,  a  new  mineral,  vi,  270. 
Chlorates  and  chloric  acid,  preparation  of,  v, 

262. 
Chlorid  of  aodium,  solubility  of,  in  alcohol, 

V,  124. 
Chlorine,  new  mode  of  obtaining,  i,  257,428, 
aotion  U,  on  bensoate  of  potash,  viii,  108. 
on  lactic  acid,  x,  253. 
Chlorite  with  rutile  in  quartz,  x,  14,  350. 
Chloritoid,  analysis  of,  viii,  123,  272. 
Chloro-cyaniltd,  iii,  258. 
Chloroform,  v,  240. 
varieties  of,  ix,  115. 
action  on  the  sensitive  plant,  viii,  115. 
new  process  for,  vi,  25o. 
purification  and  properties  of,  z,  261. 
Seooio)  81BIX8,  Vol  X,  No.  80.— Nov., 


IChlorolbrm  used  for  a  motive  power,  vii,  304. 

used  as  a  solvent,  vii,  305. 
Chloroniceic  acid,  viii,  412. 
Chlorophyllite,  ii,  418,  iii,  266. 
Chloropicrine,  J.  Stenkoute,  vii,  499. 

composition  of,  by  A.  Cahoitrt,  ix,  878. 
Chondrodite  in  limestone,  source  oi^  J.  D. 
Dana,  n,  98. 
analysis  of,  W.  FiMker,  ix,  85. 
Christian  VIII,  obituary  of,  x,  297. 
Christmas  Harbor,  Kerguelen*s  Island,  vii, 

318. 
Chrishf,  D.,  letters  on  geologv,  yi,  896. 
Chromates,  new  process  for  obtaining,  v,808. 
Chrome,  new  chlorid  and  oxyd  of,  i,  108. 
nitrate  ot,  ix,  33. 
ore  in  meteorites,  ii,  383. 
Chromic  acid,  preparation  of,  M.  BtHhf,  ii,  861. 
oxydation  of  gelatine  by,  3far- 
chnnd,  ii,  413. 
iron,  new  mode  of  analvzing,  v,  418. 

of  Asia  Minor,  J.  L.  Smttk,  vii,  285. 
oxyd,  crystals  of,  W.  P.  Blake,  x,  353. 
Cicada  septendedm,  S.  P.  JHldreth,  m,  216. 
T.  W.  Harris,  iu,  218. 
Cidaris  Alabamensis,  ii,  273. 
Cincinnati  Astronomical  Observatory,  i,  297, 
!    315. 

iCinnabar  in  California,  vi,  270. 
iCirculating  fluid  of  Planorbis,  i,  442. 
Circulation  of  the  blood,  cause  of,  J.  W.  Dra» 
per,  ii,  276. 

in  animals,  L,  Agauix  x,  123,  273. 
Classification,  use  of  homology  and  analogy 
in,  iii,  339. 

of  animals,  general  views  on,  J.  D.  Do- 
na, i,  286,  iii,  337. 

bearing  of  embryology  on, 
MilneEdmmU,y,m. 

ibid,  Barry,  vi,  433. 
of  Crustacea,  J.  D.  Lkma,  i,  225. 
of  zoophytes,  J.  />.  Dana,  iii,  340. 
of  birds,  observations  en,  L,  Agauiz^ 
vi,432. 
ClaudH,  effect  of  different  colored  imys  of 
light  in  photography,  vii,  272. 
on  the  dynactinoroeter,  x,  401. 
Clout,  on  ruthenium,  i,  103,  ii.  111,  iz,  428. 
Claystones,  v,  110. 

Cleavage  ioinu  in  rocks,  general  course  and 
origin  of,  iii,  389,  39a 
slaty,  A  Sharpe,  iii,  490,  iv,  110. 
of  crystals,  cause  of,  J.  D  Dana,  iv,  378. 
irregular.  A,  Baudrmontj  v, 
419. 
Clemandot  and  Maee,  influence  of  boraeie 

acid  in  vitrification,  ix,  305. 
Climatal  cause  of  diKtribution  of  forests  and 

prairies  in  Western  America,  vii,  389. 
Chmate  of  Australia,  J.  Qould,  x,  131. 
of  France,  Martms,  x,  396. 

supposed  variations  in,  ii,  432. 
of  Utica,  vi,  296.  1 

as  indicated  by  opening  and  closing  «f 
the  Hudson  river,  vi,  296. 
of  Upper  California,  vii,  248, 891, 389. 
of  Italy,  vii,  304. 
of  Tierra.del  Fueso,  vii,  398. 
diurnal  changes  of  temperature,  viii,  48, 
818. 
mean  sky  covered  by  clouds,  viii,  SO. 
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Climate,  Tariauoiis  of  force  of  v^ind  for  1844, 
viii,  53. 
annual  amount  of  rain,  viii,  54. 
cold,  cultivation  in,  iii,  288. 
Clingroanite,  viit,  383,  x,  117. 
CloZf  separation  of  oxyda  of  cobalt  and  man- 
ganese, i,  106. 
on  sulphozvarsenic  acid,  v,  117. 
Clouds,  method  of  measuring  the  height  of, 
Whewell,  iii,  140. 
mean  sky  covered  by,  viii,  50. 
Coal  of  Alabama,  i,  371. 

uf  Richmond,  Va.,  C.  Lycfl,  iv,  1 13. 
of  Cape  Breton,  i,  278. 
in  Chili,  vi,  146. 

in  New  Mexico,  vi,  383,  385,  389. 
in  Kerguelen's  land,  vii,  318. 
of  Silesia,  origin  of,  Ooppert^  iii,  119. 
in  the  Straits  of  Magellan,  vii,  304. 
or  the  Rocky  Mountains,  iii,  197,  273, 
vi,389. 
on  the  Nile,  vii,  436. 
on  Vancouver's  Island,  vii,  436. 
in  the  East  Indies,  iv,  109,  v,  268. 
anthracite,  vegetable  structure  of,  i,  124, 
407. 

fluorine  in,  iii,  422. 

cannel,  fluor  spar  in,  H.  D.  Rogers,  ii,  124. 

comparative  value  of,  for  illumination, 

A.  Fyfe,  vii,  77, 157. 

Coal  gns,  on  the  purification  of,  x,  133. 

plan  Is  of  Tuscaloosa,  Ala.,  C  Lydl  and 
C.  J.  F.  Bunhury,  ii,  228. 

of  Richmond,  Virginia,  C.  J.  F. 
BunburVt  iv,  114. 

'  of  Frosthur^,  Md.,  ferns  of,  ii,  427. 
formation  of  Britain,  extent  and  flora  of, 
vui,  131. 

of  Ohio,  Fusulina  in,  VemeuU, 
ii,  293. 

strata  of  Pennsylvania,  footprinU  in,  C. 
Lyem  ii,  25. 
fires  aided  by  chalk,  iii,  451. 
pits,  acetate  of  lime  formed  in,  iv,  275i 
btatistics  of,  by  R.  C.  Taylor^  noticed, 
vi,  150. 
Coast  survey,  noticed,  iii,  300,  v,  299,  307, 
vii,  311,  X,  143,  151. 
lines,  characters  of,  iii,  382,  385. 
Cobalt  and  manganese,  separation  of  oxyds 
of,  i,  106,  ii,  260,  iv,  271. 
extraction  of,  at  Birmingham,  viii,  112. 
on  the  preparation  of  pure  oxyd  of,  x,  258. 
and  nickel,  separation  of,  v,  411. 
protosulphnret  of,  v,  268. 
oxyd  of,  with  brown  hematite,  Cheater 
Ridge,  Pa  ,  iv,  281. 
Cochineal,  v,  414. 
Cofl'ee  and  cafleine,  M.  Payen,  iii,  106, 423. 

Chicory,  viii,  441. 
Cojin,  J.  H.,  winds  of  the  western  hemi- 
sphere, vi,  398. 
on  the  variation  of  the  moon,  i,  389. 
Cohesion  of  liauids,  and  its  effect  on  the 

point  of  ebullition,  ii,  256. 
Cohesive  attraction,  on  certain  lawa  of,  J.  D. 

Dana,  iv,  364,  v,  100. 
Coins,  Roman,  discovery  of,  in  France,  ii,  141. 
ancient,  analyzed,  i,  265. 
containing  bromid  and  chlorid  of  lilvar, 
i,430. 


Coke,  new  property  of,  vi,  484. 

diamonds  converted  into,  iv,  409. 
Cold,  effecu  of,  on  aflinity,  i,  256. 

of  Utica,  vi,  296. 
Coleoptera  longicomia,  materiala  toward  a 

history  of,  v,  133. 
Collections  of  minerals,  coins,  Ac^  for  sale 

in  Baltimore,  vi,  447. 
Color,  influence  of,  on  dew,  J.  BnddaAy, 

vi,  178. 
Color  brown,  existence  of^  E.  Bruckt,  vii,  129. 
Color,  apparent  motion  of  red  and  Uae  in 

worsted,  vii,  132. 
Colon,  classification  o£  by  J.  D.  Fini»^  ix, 
300. 

of  start,  Sestini*s  memoir  on,  noticed, 
iii,  281. 
Coloring  of  geological  sections,  v.  111. 

mattera,  report  on,  E.  Schenck,  vii,  275. 
Colored  glass,  for  glazing  palm  hooae  at  Kew, 
iv,  431. 

sectors,  on  the  occasional  distinct  vis- 
ion of  revolving,  Stevdly,  x,  401. 
('oUhurstj  scale  of  heights  by,  ix,  456. 
Columba,  new  species  of,  iv,  42],  -vii,  1 15. 
Colnmbate  of  lime,  a  new  mineral,  J.  £. 

Teschemacher,  iii,  32. 
Columbite,  new  metals  in,  iii,  357. 

on  the  acid  in  the  North  American,  H. 
Rose,  iv,  468. 

large  crystal  at  the  Wesleyan  Unrverv- 
ty,  Middletown,  Ct,  iv,  449. 
and  arano-tantalite,  v,  422. 
Columbus,  monument  to,  iii,  142. 
Columns  of  the  Giant^s  causeway,  ▼,  894. 
Comet,  Biela's,  i,  293,  446,  ii,  435,  437,  439. 
Br  s.  iL  1'^  138,  439,  v,  134. 

D*  \!  i  137,439,  iu,  132, 

HiVlk:y^.  j:;,  I-L;,    v,  370. 

Hind'^.  ii,  4aU«iti.  132,282. 

MsTF  Mirehf  ir*.  iv,  426,  v,  83,  135. 

Pr  1         ,437.  vii,  122. 

Coroeu,  livt.^i  »,  i,^«,  ii,  137,  138,  880,  iii, 
443,  iv,  287,  vii,  123,449. 

of  1844-1845,  i,  449. 

of  1846,  i,  448,  u,  137,  138,  880,  439,  iii, 
282. 

of  1847,  iv,  287,  «6,  v,  83,  134, 135. 

of  1848,  vi,  437,  vii,  122,  123. 

of  1849,  vii,  449,  viii,  428,  489,  ix,  442L 

of  Mav,  1850,  x,  136. 

of  1556,  expected  return  of,  iii,  443,  ix,44S. 

Peirce't  Catalogue  of,  noticed,  iii,  187. 

number  of,  on  reeord,  iii,  128. 
Comet  medal,  ii,  293. 

given  to  Miss  Mitchell,  vii,  183. 
Cometary  physics,  Smyth,  x,  399. 
Commercial  Review,  de  Bcm^t,  vi,  898. 
Compound  radicals,  objections  to  theory  oi, 

iv,  93. 
Compression  and  distortion  of  fossils,  rv,  1 11. 
Concentric  aggregations,  cause  of,  iv,  379. 
Conchology  of  Connecticut,  J.  H.  Lhuley, 
vi,  233. 

contributions  to,  C  B.  Adam$,  ix,  133, 458. 

works  on,  by  Lovell  Reeve^  noticed,  x,149. 

see  farther,  Zocittgy. 
Concord  Natural  History  Society,  ii,  144. 
Concretion  of  a  horse's  stomach,  analyais  o£ 
iv,  874. 
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Goncretionaiy  stnioture,  caate  of,  it,  379. 
Condor  of  Cordillora,  iv,  447. 
Condoetinf  powers  of  netals,  vUi,  165. 
Conductility  of  heat  by  crystallized  bodies, 
V,  414. 

of  galvanism  by  the  earth,  Afotteucci,  x, 

406. 

Confervas  in  geysirs  of  Iceland,  iii,  288. 

Congelation  of  mercury  by  virtue  of  the 

spheroidal  stale,  iv,  101. 
Congress  of  German  Naturalisto,  i,  306. 

of  Science,  Italian,  v,  297. 
Conine,  composition  and  metamorphoees  of, 

X,  239 
Connecticut  valley,  trap  tufi*  of,  £.  Hitch 
cock,  iv,  199. 
fossil  tree  in,  iv,  116. 
ConneU,  on  sulphato-chlorid  of  copper,  a  new 

mineral,  iv,  413. 
Conrad,  T.  A.,  observations  on  the  Eocene 
formation  of  the  U.  S.,  i,  209,  393. 

catalogue  of  recent  shells  also  found 
ibssil,  i,  404. 

freshwater  shells  of  Rockbridge  Co.,  Va., 
i.  405. 
tertiary  of  Warren  Co.,  Miss.,  ii,  124. 

of  the  Walnut  Hills,  Miss.,  ii,  210. 
■hells  of  Tampa  Bay,  ii,  393. 
fossils  from  the  Eocene  of  Tampa  Bay, 
u,399. 
shells  from  the  tertiary  of  Oregon,  v,  432. 
Constanu,  Gauu'g  magnetic,  iii,  140. 
Continents,  on  the  origin  of,  J.  D.  Dana,  ii, 
352,  iii,  94,  iv,  92. 
trends  of  coasu  and  features  of,  iii,  382. 
Contracting  area  in  the  Pacific,  iii  396. 
Contraction,  a  geological  cause,  iii,  94, 176, 
395. 

of  the  earth  during  cooling,  geological 
effects  of.  J.  D.  Dana  iv,  88. 
Coo^,  T.  L.,  analysis  of  bronze  antiquities 

found  at  Downs,  x.  111. 
Copernicui,  opinion  of,  on  light  of  planets, 

vi,  140. 
Copper,  new  mode  of  estimating,  ii,  239, 
(Pdouze).  iii,  110  (Jacqueknn.) 
of  Lake  Superior,  iv,  115,  vii,286,  x,65. 
native,  of  Chili,  containing  silver,  x,  235. 
incandescence  of,  in  the  vapor  of  alco- 
hol, BdUger,  ii.  260. 
preparation  of  oxyd  of,  WUUtem,  ii,  262. 
vanadate  of,  native,  ii.  414. 
and  zinc  carbonate  of,  vi.  426. 
phosphates  of,  from  Nichne  Tagilsk,  viii, 

black  oxyd,  of  Lake  Superior,  viii,  273 
X,  72. 

sulphato-chlorid  of,  anew  mineral,  iv, 
415. 
Copper  amalgam,  ix,  282. 

blende,  analysis  of,  viii.  127. 
mines,  Australian,  vi,  134. 
mines,  in  California,  vi  3S8. 
in  Chihuahua,  vi,  385. 
ore,  alledged  insolubility  of,  in  hydro- 
chloric acid,  vi,  395. 
ores,  reduced  by  electricity,  iv,  276. 
smelting  of,  iv,  292,  v,  260. 

in  Japan,  6\  W.  WU- 
Ztama,  viii,  336. 

extraction  of  gold  from,  ix,  297. 


Copying  engraving!,  new  mode  ot^N.tUiiL 

Victor,  vi,  258. 
Coracite,  J.  L,  LeOmte,  iii,  117, 173. 

J.D.  Whitney,  vii,434. 
Corals,  fossil,  genera  of,  i,  178. 

chemical  composition  of  calcareous,  B. 
SilUman,  Jr.,  i,  189. 
silicified.  East  Florida,  ii,  43. 
fossil,  in  New  York,  iii,  69,  71. 

Cystiphyllum,  D.  D.  Owen,  iii,  71. 
tertiary,  on  some  new  species,  in  reply 
to  Mr.  Dana,  W.  Lonsdale,  iv,  357. 
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action,  v,  159. 
Chemistry  of,  noticed  ii,  445. 
Drejer't  work  on  Carices,  noticed,  ii,  308. 
Drilt,  wave  of  translation,  as  connected  with, 
W.  WhewtU,  vi,  115. 
remarks  on,  vii,  2. 

and  alluvium  of  Ohio,  notea  oo,  by, 
C.  WhiUleeey,  v,  205. 

Airrows,  scratches,  dtc.  near  Lake  Su- 
perior, F.  Shmherd  iv.  282. 
Dabreuil,  A.,  Cours  EUementaire  theonqoe 

et  pratique  d'Arboriculinre,  x,  303. 
Ducatdy  J.  T.,  obituary  of,  viu,  146. 
Duflos,  acetate  of  iron,  a  remedy  Ibr  ar- 
senical |»reparations,  i,  108. 
Dofrenoysite  a  new  mineral,  v,  968. 
Dnlcose,  a  homologue  of  grape  sugar,  z,  112. 
Dmmae.  on  the  milk  of  the  Camivora,  i,  263. 
on  blood,  iii,  106. 

on  phosphate  of  lime  in  organic  beings, 
Ui,26l. 
on  nitrification,  iii.  261. 
on  the  action  of  anhydrous  phosphoric 
acid  on  the  amids  and  ammoniacal  salto, 
v,263. 
liquid  protoxyd  of  nitrogen,  viii,  1 13. 
Ditmonte  and  Mendrd  on  xyloidine,  d^,  v, 

265. 
Dwcan,  L.  C„  ^ft  to  Yale  Collese,  v,  291 
Dupos^iaer,  purification  of  araeniKroos  sol- 
phuno  acia,  i,  HI. 
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Dust,  falling  of,  on  veaselt  in  tho  Atlantic, 
iii,  HI. 
of  Hecla,  iii,  87S. 
at  Genoa,  infotorial,  ir,  423. 
in  Russia,  infusoria^  z,  S87. 
Dutch  liquid,  new  compound  from.  v.  413. 
Dutrochet,  on  the  influence  of  electricity  on 

the  circulation  of  the  Chara,  ii,  133. 
DuUon,  T.  R.,  basalt  of  Lake  Superior,  iv, 

118. 
Dynactinometer.  Claudet  on.  x,  401. 
Dytlytite,  a  new  meteoric  mineral,  ii,  380. 

E. 

Ear  of  the  Limneus  stagnalia,  iv,  131. 
Earth,  relative  quantities  of  land  and  water, 
ii,289. 

early  condition  of,  as  inferred  from  the 
•urface  of  the  moon,  ii,  347. 
on  the  figure  of,  Betsel,  iv,  317. 
age   of,  from  geological  evidence,  C. 
Lydl,  iii,  38. 

origin  of  the  outline  features  of,  J.  D. 
Daita,  iii,  381. 

daily  intensity  of  the  sun  at  the  exterior 
surface  of,  x.  49, 

contraction  during  cooling,   geological 
effects  of,  J.  D.  Dana,  iv,  88. 
crust,  thickness  of,  W.  Hopkint,  iv,  88. 
magnetism,  W.  A.  Norton,  viii,  35,  x,  330. 
Earthquake  and  iubsidence  in  Cutch,  ii,  270. 
with  a  vorticose  movement,  ii,  270. 
and  eruptions  at  Temate,  v,  422. 
East  Indies,  observations  on,  vi,  157. 

Island,  vii,  317. 
Ehdmen,  compounds  of  boracic  acid  with 
ether,  ii,  412. 

artificial    production   of  minerals   and 
precious  stones,  v,  125,  vii,  427. 

on  artificial  hyalite  and  hydrophane,  v, 
412. 

researches  on  compounds  of  titanium, 
vii,  106. 
on  the  decomposition  of  rocks,  viii,  421. 
Ebullition,  affected  by  cohesion,  T.  Donny, 

ii,256. 
Echiooderm,  fossil,  from  the  eocene,  S.  O. 
Morion,  ii,  273. 

fossil,  from   St    Louis,   Norwood  and 
Owen,  ii,  225. 
Eclipse,  solar.  April,  25, 1846,  i,  289,  ii,  138. 

annular,  1847,  v,  283. 
Ecliptic  star  charts,  vii,  290. 
Economic  Geology,  museum  of,  in  Ekigland, 

vi,  446. 
Educational  statistics  at  Oxford,  England,  iii, 

137. 
Edwardg,  M.,  on  the  natural  classification  of 
animals,  v,  428. 

Researches  on  the  Coast  of  Sicily,  no- 
ticed, x,  303. 
Egg,  composition  of  yolk  of,  i,  264. 

of  ihe-Moa  from  New  Zealand,  v,  134. 
Ehlite,  analysis  of,  vii,  113. 
Ehrtnberg,  mfusoria  in  volcanic  rocks,  i,  123. 
microscopic  examination  of  the  ash  of 
coal,  i,  124. 
sirocco  dust  at  Genoa,  iv,  423. 
on  infusoria,  from  Oreapn,  ix,  140. 
on  a  cloud  of  dust  in  Russia,  z,  287. 
ElAolite  in  Arkantaa,  ii,  252. 


Elastic  fluids,  law  of  their  flow  through  orifi- 
ces, E.  W.  make,  V,  78. 

media,  propagation  of  pulses  in,  E.  W, 
Blake,  V,  §72. 
Elasticity  of  metals  and  latent  heat,  coc^fii- 

cient  between,  C.  C.  Person,  vii,  128. 
Eld,  Henry,  obituary  of,  x,  137. 
EUectric  battery,  a  novel  mode  of  discharg- 
ing, J.  H.  Lane,  vii,  418. 
calamine,  x,  249, 

conduction  of  metals,  law  o^  i,  230. 
C.  O.Pfl^e,ii,406. 
resistance  presented  by  fluida, 
v,36. 

of  certain   bodies,  E.  Bee- 
fiiertZ,  ii,  255. 
conductibilitv  of  the  earth,  z,  406. 
currents  produced  by  vibration,  i,  256. 
m  muscles,  v,  391. 
relation  of,  to  nervous  power, 
iii,  112. 

developed  by  muscular  contrac- 
tion, viii,  404, 405,  ix,  304. 
excitement  of  paper,  i,  427,  iii,  451. 
spark,  singular  character  of  secondary, 
C.  Q.  Page,  X,  349. 

and  magnetical  currents,  influence  of,  on 
the  sap  ofthe  Chara,  Dutrochet,  ii,  133. 
liffht,  StaiU's,  vii,  450. 
telegraph  important  for  conveving  mete- 
orological mtelligenee,  W.  C.  Redfidd,  ii, 
334. 

lines  of,  in  the  U.  States,  iii,  296. 
fact  V.  fancy,  iii,  449. 
history  of,  iv,  253,  vi,  439. 
Electrical  attraction,  nature  and  laws  of,  W, 
S.  Harris,  iv,  413. 
lady,  death  of,  i,  306. 
phenomena  of  certain  houses,  £.  Loomia, 
X,  321. 
theories,  R.  Hare,  vi,  45. 
Electricity,  galvanic,  probable  conduction 
of,  through  moist  air,  li,  204. 

liberation  of,  by  bursting  of  a  bladder, 
ii,  255. 
free,  R,  Hate,  iii,  334. 
atmospheric,  induction  of,  on  the  tele- 
graph wires,  J.  Henry,  iii,  25. 

developed  by  bands  of  leather,  J,  M, 
Batchelder,  iii,  250. 

work  on  Medical  Application  of,  by  W. 
F.  Channing,  noticed,  viii,  308. 

experimental  researches  in,  by  Faraday. 
X,  188. 
of  a  buried  plate  of  zinc,  ix,  1. 
Electro-culture,  i,  449. 
Eiectro-chrono^raph,  viii,  231.  ix,  151. 
Electro-magneuc  induction,  law  of,  C  O. 
Page,  ii,  202. 

rotation  of  ray  of  light,  vi,  153. 
balance,  vi,  258. 
Electro-magnetism  as  a  moving  power,  x,  282, 
343,  and  Appendix  (following  this  Index). 
Electrolysis,  quantity  df,  varying  with  the 

sectional  area  of  the  electrolyte,  iv,  411. 
Elecirophonic  telegraph,  ii,  118. 
Electro-physiology.  Matteucci,  iii,  lll,v,390. 
Elements  of  Physiology,  by  W.  B.  Carpen- 
ter, noticed,  ii,  147. 
Elephant,  fossil,  in  Vermont,  ix,  256. 
EUevations  of  continents,  views  of  C.  Pri- 
voft  on,  ii,  355,  iii,  17& 
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CSevatioa  of  oontiiienti,  how  produced,  J. 
D.  Dana,  ii,  352,  iii,  94,  176. 

in  Scandinavia,  bearing  of  phenomena 

of  erratic  blocks  on,  DeMor^  iii,  313. 

EUiot,  S.,  gold  on  farm  of,  ii,  126. 

Elliptical  polarisation,  iii,  262,  264. 

EUner,  analysis  of  a  Chinese  metal  mirror, 

i,  118. 
Ekabryology,  a  basis  of  classification,  JIf. 
EdwarSt.  v,  428. 
ibid,  Barry,  vi,  433. 
ibid,  AgwUiz,  vi,  432. 
Emerald  nickel,  B.  SiUiman,  Jr.,  iii,  407,  vi, 

248. 
Emer$om,  O.  B^  Report  by,  on  trees  and 
shrubs  of  Massachusetu,  noticed,  iii,  310. 
Emery  formation  of  Asia  Minor,  J,  X*.  SmiHi, 

vii,  283,  X,  354. 

Emerylite,  a  new  mineral,  J.  L.  Smiik,  vii, 

285. 

analyses  of,  viii,  378,  x,  116. 

Emory,  W.  H.,  toar  to  California,  vi,  386. 

Eroolsine,  B  W.  BuU,  viii,  74, 272. 

Enceladite,  T.  S.  Hunt,  ii,  30. 

Encyclopedia  Americana,  vol.  ziv,  noticed, 

iii,  145.  : 

Endlicker  and  Martins  Flora  Brasiliensis, 

noticed,  iii,  147.  i 

EndUcher,  Generum  Plantarum  iz,  148. 

Synopsis  Coniferamm,  iz,  148.  I 

Endosmose,  new  researches  in,  by  lMbig,\ 
V,  415.  j 

Eng^-ena,  crania  of,  iz,  34.  I 

zoological  position  of,  iz.  41.  ' 

EngeUnann  O.,  North  American  species  of 
Itoetes  and  Marsilen,  iii,  52,  451. 
on  the  St  Louis  limestone,  iii,  119. 
Melonites  roultipora  iii,  124,  451. 
on  rain  and  snow  at  St.  Louis,  iii,  438. 
on  U.  S.  ferns  by  Kunze,  vi,  80. 
Engineer  Bureaus,  iz,  147. 
England,  iron  manufacture  in,  iii,  291. 

plate  glass  making  in,  iii,  293. 
En^hsh  prefizes  from  Uie  Greek,  J.  W.  OUAa^ 

Engravings,  mode  of  copying,  vi,  258,  viii, 

293. 
Entomology  in  the  United  Sutes,  history  of, 

i,  17. 
Elntomoftmca,  new  genera  and  species  of, 
J.  D.  Dana,  i,  225,  viii,  276. 

Natural  History  of  British,  noticed,  z, 
145. 
Entophytes,  J.  Leidy  on,  iz,  441. 
Eocene  formation  of  the  United  States,  with 
descriptions  of  shells,  i,  209,  395. 

of  Georgia  and  Alabama,  C. 
LyeO,  i,  313. 

organic  remains  in,  i,  219. 
Epidote,  composition  of,  Oerkardt,  viii,  123. 
EquivalentH,  chemical,  Oerkardt  and  Lau- 
rent,  iz,  364. 
see  farther,  Atomtc  weights. 
Erdmann,  on  the  atomic  weight  of  line,  i, 

104. 
Erichson,  W.  F.,  obituary  of,  viii,  450. 
Emunit    Gauss's    magnetic    constants,   iii, 

140. 
Emi,  H^  analysis  of  Danburite,  iz,  286. 
Lancasterite,  iz,  216. 
Oak  Orchard  spring  wa- 
ter, iz,  449. 


£nit,  H.,  analysis  of  eaphyllite,  x,  118. 
Erosion  measured  by  trap  dikes  in  New 

Hampshire,  O.  P.  HMard,  ix,  158. 
Erratic  blocks  and  elevatioiis  ia  Northeni 
Europe,  De$or,  iii,  313. 
phenomena  about  Lake  SnpOTior,  i,  8S. 
Errors  of  mathematical  tables,  v,  398. 
Eryz  macolatus,  a  new  reptile,  ix,  137. 
Esculent  funm  in  England,  v,  290. 
£«py,  J.  P.,  nrst  Report  on  Meteorology,  no- 
tic^,  i,  143. 
Ether,  luminiferoua,  Farmiay  oo,  ii,  1 18 
Ether,  inhalation  ot^  in  surgery,  iii,  444,  iv, 
138,246. 
sulphurous,  bow  formed,  i,  261. 
compounds  of  boracic  acid  with,  ii,  412. 
vitreous  boracic,  ii,  412. 
salicylic,  iz,  279. 
Ethers,  phosphoric,  researches  on,  iz,  113. 
Ethnography  of  the  American  AborigiDas, 
5.  O.  Mortam,  ii,  1. 

of  the  U.  S.  Exploring  Ezpeditioo,  re- 
viewed, i,  317. 
Ethnological  Society,  Transactions  oC,  vii, 
456. 

distribution  of  round  and  elongated  era- 
nia,  Retzius,  iii,  138. 
Ethyle,  decomposition  of  cyanid  oC  v,  1 19. 
Etna,  von  Waltertkausen's  work  on,  noticed, 

u,  157. 
Etding,  gns  pipette,  i,  112. 
Eudiometry,  process  recommeoded  by  Qrm- 

A<m.i,262. 
Eudnophite,  z,  246. 

Euphyllite,  a  new  mica,  viii,  381,  x,  116. 
Euplectes  ni^roventris,  vii,  116. 
Eureka,  a  scientific  journal,  noticed,  iii,  146. 
Europe,  boulders  and  elevations  in  Northern, 
Duor,  iii,  313. 
water  power  of,  iv,  145. 
Eukolite,  a  new  mineral,  viii,  126. 
Euphotide,  X{252. 

Euzenite  of  Tvedenstrand,  viii,  196. 
Ezhalation  of  carbonate  of  ammonia  fimn 

the  lungs,  iv.  274. 
Ezpedition  lo  Siberia,  i,  146, 307. 

Ezploring,  of  the  United  States,  under 
Capt  Wilkes,  works  on,  i,  149,  178, 317. 
viii,  454,  iz,  294,  307. 

ibid,  Crustacea  of,   viii,  S76. 
424,iz,  129, 133,295,x,  123. 

to  the  Dead  Sea,  under  liem.  Lynch, 
vi,  441,  viii,  317. 
ibid,  Lieut.  Molyneuz,  vi,  146. 
French,  under  Baudin,  viii,  19S. 
antarctic,  under  Ron,  vii7ol3,  viii,  14. 
Ezplorations  of  tlie  Gulf  Stream,  v,  316. 
in  search  of  Sir  John  Franklin,  vi,  149. 
446,  z,  136. 
Eye,  adaptation  of,  to  distances,  i,  131. 

on  the  gradual  prodiKtion  of  luminoiis 
impressions  on,  iz,  443. 
new  membrane  in,  D.  Brewtter,  z,  400. 
Eyes  of  the  barnacle,  J.  Lady,  vi,  136. 
why  one  object  seen  with  two,  J.  Locke, 
vii,  68. 
ibid,  S.  P.  Latkrop,  vii,  343. 


Fahlunite  pseudomorph  of  iolite,  ii,  418. 
Fairy  rings  of  pastures,  iii,  294. 
Falkland  lalands,  C.  Dmwm,  ii,  IM. 
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FalUand  Jelandt,  Mllockt  of  Bolax  glebaria 

at,  iii,  121. 
Falling  bodies,  deviation  of,  from  a  perpen- 

dicular,iii,138,283,451. 
Faraday,  M.,  identity  of  light,  heat  and  elec- 
tricity, i,  146. 

on  new  magnetic  actions,  and  on  the 
magnetic  condition  of  all  matter,  i,  421. 

researches  on  the  relation  of  light  and 
magnetism,  i,  425. 
views  on  luminiferoas  ether,  ii,  118. 
magnetic  and  diaroagnetic  action,  ii,  233. 
views  on  atoms  and  ray  vibrations,  ii, 
401. 

congelation  of  mercury,  by  virtue  of  the 
spheroidal  state,  iv,  101. 

researches  on  the  diamagnetic  conditions 
of  flame  and  ^ases,  v,  254. 

on  the  rotation  of  a  ray  of  light  by  elec 
tro-magnetism,  vi,  153. 

crystalline  polarity  of  bismuth,  &c ,  and 
magnetic  form  of  force,  vii,  425. 

experimental  researches  on  diamagnet- 
ism,  X,  188. 
Fatty  substances  formed  from  nitrogenous 

bodies,  v,  266. 
Features  of  the  earth,  origin  of,  J.  D.  Dana, 

iii,381. 
Feldspar,  1, 253  254. 

decomposed  by  steam  to  obtain  the  alka- 
lies, vi,  260. 

in  the  orbicular  diorite  of  Corsica,  vii, 
113. 
FendUr,  A.,  dried  plants  from  Santa  Fe  and 
New  Mexico,  v,  133. 

botanical  collections   in  New  Mexico, 
vii,  452. 
Fergw,  T.  H.,  mica  from  hornblende,  vi,425. 
Ferns,  fossil,  see  FonsU. 

of  the  United  States,  Kurne,  vi,  80. 
Ferridcyanid  of  potassium,  preparation  of,iv, 

271. 
Fertilization  and  nitri6cation  of  soila,    F. 

Kuhlmann,  iv,  107. 
Fibrine  converted  into  fatty  substance,  v, 

266. 
Fibrolite,  identity  of,  with  kyanite,  viii,  388. 
Fieldf  M.  F.,  on  the  decomposition  of  cumin- 
ate  of  ammonia  by  heat,  v.  413. 
on  native  copper  from  Chili,  x,  255. 
Finland,  Meteorological  Society  in,  iii,  440. 
measure  of  a  degree  of  meridian  in.  iii, 
450. 
Flnmark,  lines  of  ancient  level  in  the  sea  in 

i,  273. 
Fins  of  fishes,  characteristics  from,  i,  440. 
Fiords  of  the  globe,  evidence  of  subsidence, 

vii,  379,  380. 
Fire  gilding,  amalgamation  of  iron  and  steel 

to  prepare  for,  Botlger,  ii,  266. 
Fischer  de  Waldheim,  on  Spondylotaurus  and 
Thoracoceras,  i,  440. 
jubilee  in  honor  of,  v,  301. 
Fischer  and  Meyer*»  Sertum  Petropolitanum, 

noticed,  iii,  146. 
Fucher,  N.  Vr.,  analysis  of  the  Braimau  me- 
teoric iron,  V,  338,  vii,  171. 
Fiscberite,  a  new  mineral,  ii,  415. 
Fish,  on  the  resuscitation  of  frozen,  z,  132. 
fossil,  of  Indiana,  i,  367. 

from  Australia,  J.  D.  Dona,  v,  433. 
Second  Skkiis,  Vol  X,  No.  80.— Nov., 


Fish  of  ezittinff  lakes  in  Sweden,  formerly 

salt  water,  in,  316. 
Fishes  of  North  America,  notice  of  D.  H. 
Storer^s  Synopsis  of,  ii,  145. 
on  the  statistics  of,  J.  MuUer,  iii,  276. 
water  tubes  of,  L.  A^assh,  vi,  431. 
characteristics  from  nns  of,  i,  440. 
Fisher,  R.  S.,  Book  of  the  World  by,  noticed, 

viii,  156. 
Fisher,  W.,  analyses  of  minerals,  ix,  83. 
Fisheries,  resources  of  Irish,  iv,  437. 
Fissidens,  species  of,  i,  72. 
FUz,  H.,  telescopes  of,  vi,  437. 
Flame,  constitution  of,  v,  163, 165. 

and  gases,  diamagnetic  condition  of,v,254. 
Flames,  prismatic,  analysis  of,  v,  160. 
Flood  in  the  Indus,  vii,  129. 

in  the  Macquarie,  Australia,  vii,  130. 
Flora  of  Guiana,  v,  458. 

of  Maine,  by  Young,  v,  453. 
Rossica,  V,  453. 
see  Botany. 
Florida,  geology  and  fossils  of,  T.  A.  Conrad, 
ii,  36,  §99. 
recent  shells  of,  ii,  36,  393. 
ecology  of,  J.  H.  Mm,  i,  38. 
Keys,  structure  of,  T.  A.  Conrad,  ii,  40. 
discovery  of  an  infusorial  stratum  in,  x, 
282. 
Fluids,  elastic,  expansion  of,  ix,  334. 
Fluorine,  Louyet  on,  iii,  260. 
estimation  of,  Wohter,  i.  261. 
in  minerals,  source  of,  J.  D.  Dana,  U,  88. 

G.  H't2son,ii,  114. 
in  fossil  plants  and  aiumals,  O.  Wilion, 
ii,  114. 
in  anthracite,  O.  C.  Schaeffer,  iii,  422. 
in  Firth  of  Forth,  Ac,  WOson,  ix,  118. 
in  milk  and  blood,  Wilson,  x,  413. 
Fluor  spar  in  limestone,  source  of,  J.  D, 
Dana,  ii,  88. 
solubility  of,  Q.  Wilsim,  ii,  114,  x,  414. 
in  cannel  coal,  H.  D.  Rogers,  ii,  124. 
Fluo-silicanilide,  formation  of;  iii,  258. 
Folding  of  strata,  iii,  97, 182. 
Folger,  W.,  memoir  of,  ix,  313. 
Footmarks,  fossil,  observation  on,  iii,  79.276. 
E.  Hitchcock,  iv,  46,  viu,151. 
J.  Deane,  iii,  74, 
J,  Deanes  reclamation  rela- 
tive to  a  species  of,  iv,  448. 

D.  Marsh  on,  vi,  272. 
in  the    coal   measures  of 
Pennsylvania,  i,  268,  ii,  25. 

of  birds,  C.  B.  Adams,  ii,215. 
near   Liverpool,   Flngland, 
iii,  142. 
of  a  quadruped,  v,  40. 
on  reptilian,  /.  Lea,  ix,  124. 

recent,  of  alligatora,  in,  125. 
Footprints  and  Indian  sculpture,  E.  H.  Datis, 

iii,  286. 
Foraminifera,  D'Orhigny's  work  on,  noticed, 
iv,  452. 
distribution  of,  iv,  453. 
of  Charleston,  S.  Carolina,  iv,  453. 
fossil,  soft  parts  of,  preserved,  v,  70. 
Forbes,  E.^  freshwater  formation  of  Smjrma 

harbor,  i,  278. 
Forbes,  J.  D.,  adaptation  of  the  eye  to  vision 

at  different  distances,  i,  131. 
1850.  56 
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J.  D,,  on  the  dMorv  of  prob«bi]itiMi| 
"  yncal 


connection   or 


Forhet, 
applied   to    the   phyncal 
double  ttare,  x,  398. 
on  the  classification  of  colore,  ix,  300. 
Force,  mmgnetic  form  of,  M.  Faraday,  vii,  425. 
Forchkammer,  researchet  on  tea-wmtar,  iii, 
289. 
on  floorine  in  sea-water,  ix,  120. 
Fordos,  analysis  of  sulphur  acids,  viii,  )09, 

110. 
Forest!,  reproduction  of,  in  Britith  N.  Ameri* 
ca,  J.  Vv.  Dawton,  iv,  161. 

of  Western  America,  diatribution  of,  vii, 
387,  389. 
Forest,  fossil,  Pftrkfield  colliery,  ii,  422. 
Formic  acid,  new  process  for,  VV.  B.  and  R. 

E.  Rogers  ±]8. 
Formulary,  Univeraal,  ChiJUk't,  noticed,  ix, 

457. 
Formulas  for  silicatea  and  boratea,  t,  405. 
Fossil  belemnite,  from  Tierra  del  Fuego,  v, 
4J4. 

birds  and  mammals  of  New  Zealand,  i, 
129,  V,  431,  vU,  28,  151,  U,  437. 

bones  from  Texas  and  Tennessee,  i,  244, 
x,56. 

paleotherial  in  the  west,  iii,  248. 
m  Vermont,  of  elephant  and  ceia- 
cea.  ix.  256. 
shark,  i,  280,  vii,  441. 
fish,  new  species  from  Indiana,  i,  367. 

from  Australia,  J.  D,  Dana,  v,  433. 
flora  of  America,  iii,  86. 
coal  plants,  from  near  Richmond,  Va., 
C.  J.  F.  Bunfmry,  iv,  114. 

of  Alabama,  ii,  228,  iii,  37. 
of  Maryland,  ii  427. 
of  anthracite,  J.  £.  Tncke- 
machtr,  ir,  420. 

of  Ohio,  C.  WkitOttey,  ym 
375. 

flora  of  European  Miocene  analogous  to 
recent  of  America,  iv,  424. 
nut  in  the  eocene,  ix,  127. 
mammals,  (British,)  History  o^  ix,  149. 
Mastodon  anguatidens,  ix,  304. 
shells,  distortion  of,  iv,  111. 
remains  of  Alabama,  i,  395,  vi,  355. 
of  Australia,  iv  151  v,  43a 
of  Florida,  ii,  36,  399. 
of  Oregon,  v,  432. 
of  ffreen  sand,  i,  280. 
of  New  York,  in  a  review  of  N. 
Y.  Geological  Reporta,  iii,  57. 

of  South  Carolina,  viii,  67, 69,71 . 
of  the   White  Mountains,  re- 
marks on,  i,  41 1,  V,  116. 

of  palsBoxoic  formations  of  Eu- 
rope and  America  compared,  vii,  219,  221. 
of  soft  parts  of  foraminifera,  by 
Qidton  A.  Mantell,  v,  70. 
rain  drops,  x,  135. 
trees,  Kerguelen's  Island,  vii,  318. 
Van  Diemens  Land,  viii,  18. 
Bristol,  Ct,  iv,  116. 
footprints,  see  Footmarks, 
Fatter,  E.,  obituary  of,  vii.  451. 
FoHer*8  geological  chart,  ix,  151,  309. 

ibid.   Mather's   recommendation,  diaa- 
vowed,  ix,  444. 
Fowlerite,  ix,  410,  x,  ISl. 


Fomies,  G.,  on  the  prodiiclioa  of  the  aUul^ 

furfiiroline,  ii,  407. 
obituary  of,  vii,  452. 
For,  R,  VV.,  on  paeodomorphoua  erystala  of 

quartz,  i,  430. 
France,  climate  of,  ii,  432,  x,  396. 
Franklandf  on  decompositioa  of  cyanid  of 

ethyle,  v,  119. 
Franklin,  J.,  expeditioD  in  aeaich  of,  vi,  149, 

446,  X,  136. 
Fraunkojfer't  dark  Unea,  canae  of,  v.  171. 
Fk«exing  water  under  air-pmap  witDoat  sol- 

phuric  add,  J.  L.  Smiik,  i,  265. 
of  leaves  of  box,  J.  Oforgat,  viii,  286. 
Fremont,  J.  C,  exploring  expeditioo  to  the 

Rocky  Mountains,  &c.,  i,  149. 
on  the  Rocky  Mountains,  their  geolory, 

height,  hot  springs,  coal,  itc^  iii,  192,  273, 

Cascade  Range,  OregoQ,  and  hot  apnngs, 
iii,  200. 
coal  in  the  Rocky  Mountains,  iii,  273L 
Report  by,  on  Caliibmia,  noticed,  vi,  28a 
Fremy,  on  metallic  acids,  i,  104. 

on  the  ferrate  of  po«ash,  i,  106. 
Freteniut,  C.  R,,  aolubiliiy  of  obosphate  of 
magnesia  and  ammonia,  i,  258. 
proper  balance  of  food  in  nutrition,  viii, 

amoont  of  ammonia  in  the  atmoepbw^ 

ix,  115. 

work  by,   on  Chemicel  Analyaia,  no- 
ticed, iii,  149. 
Freshwater  shells  of  Virginia,  i,  405. 

formation  of  Smyrna  harbor,  i,  278. 
Frog  batterv,  v,  39L 
Fuch's  method  of  analyzing  iron  orea,  obeec 

vaiions  on,  Rogers,  vi,  395. 
Fuchsite,  x,  115. 
Fucoides  graphica,  iii,  169. 
Focus  of  the  Falklands  and  Foegia,  vin.  ITOi. 
Fundamental  principles  of  mathematica,  5. 

Aietander,  vii,  178, 329. 
Fungus,  phosphorescent,  iv,  446. 
Fuuffi,  esculent,  in  England,  v,  290. 
Foriuroline,  a  new  organic  alkali,  O,  Fammu, 

ii,407. 
salts  of,  ii,  407. 
Furfurol,  ii,  407,  x,  257. 
Furnaces  of  Yatalyfera,  nae  of  gaa  froni,  vn, 

303. 
Furrows  on  rocks  dependent  on  atmctnre,  C. 

B.Aiaau,  iii,  433. 
Fusion  of  iridium  and  Tfaodiom,  R.  Bare^  i. 

365. 
of  oaminret  of  iridioa,  ii,  369. 
of  siliceous  minerals  affecu  their  i 

gravity,  V,  258,  vi,  133. 
Fusulina  in  the  coal  fomation  of  Ofaio.  ii. 

293. 
Fusus  Oregonensis,  v,  433. 
Fijlfe,  A.,  on  comparative  valnea  of  ooal  lor 

illumination,  vii,  77,  157. 


Chle,  on  the  Natdiez  bluff  fomataon,  v,  S49. 
Gale,  a  norther  of  the  Golf  of  Mexico,  Oru, 

1842,  i,  153. 
Gales  of  the  European  Seaa,  i,364. 
aee  iarther,  Starmt  " 
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Galena  in  Algeria,  vij^l. 

Galeritet  Agassii,  ii,  273. 

OaiU,  discoverer  of  LeVenier*t  planet,  iiij 

130,28a 
Galvanic  arc,  form  of  diamond  under  the  in- 
fluence of,  J.  H.  Oassiot,  x,  404. 

battery,  use  of  aulphate  of  soda,  with,  iii, 
427. 

with  potaasium,  iii,  428. 
a  mode  of  using  Grove's,  C. 
Dewey,  vi,  253. 

oiyd  of  line  in  the  porous  cup 
of  Grove*!,  vi,  254. 

electricity,     probable    conduction     of, 
through  moist  air,  ii,  204. 

register  to  astronomical  clock,  vii,  206, 
Tui,  231,  X,  151. 

ignition,  cooling  effects  of  hydrogen  in, 
W.  R.  Qrove,  vii,  274. 
wave,  velocity  of,  5.  C.  TVotter,  viii,  142. 
Ught,  C.  O.  Page  on,  viii,  146. 
see  fartlier^  El^ric. 
Galvanism,  purifying  liquids  by,  vi,  260. 
ice  a  conductor  ot  C.  Dewey,  vi,  253, 
Galvanometer,  axial,  Page*i,  i,  242. 
Chmbel,  W..  on  Chamea,  a  new  genus  of 

birds,  iv,  286. 
Gammaracea,  genera  of,  J.  D.  Dana,  viii,  135, 

423,  ix,  295 
Gardens,  zoological,  noticed,  ix,  304. 
Gardener,  D.  P.,  on  the  physical  structure  of 
plants,  ii,  48. 

remarks  on  the  pollen-collectors  of  Cam- 
panula, v^55. 
Gardening,  Dictionary  of  Modem,  by  O.  W. 
Johnson,  noticed,  iv,  148.  | 

Garnet,  composition  of,  ix,  84. 
Oarot,  action  of  nitric  acid  on  rhubarb,  x, 

263. 
Garrett,  analyses  of  euphyllite,  x,  118. 
Gas  for  illumination  from  water,  ii,  440. 

on  coal  for,  Fvfe,  vii,  77, 

157.  I 

Gases  and  flames,  diamagnetic  condition  of ' 

v,254.  'l 

Ckusiot,  J.  P.,  form  of  diamond  in  the  voltaicj 

are,  X,  404. 
Gastric  juice,  acid  reaction  of,  iv,  102. 
Oay  LuMsac,  obituary  of.  x,  137. 
Gatf,  Martin,  obituary  of,  ix,  305. 
Gehlenite,  crystalline  slag  allied  to,  v,  128. 
Gelatine  sugar,  products  of  oxydation  by 
chromic  acid,  marchand,  ii,  413.  | 

chemical  constitution  and   transforma- 
tions of,  T.  5.  Hunt,  V,  74,  vi,  259. 

products  of  decomposition  of.  v,  118,  viiJ 

loV,  109.  I 

see  OlycocoU,  I 

Gems  crystallized  by  heat,  Ehelman.rH,  427.' 

Genera  Flom  Amer.  6or.-orient.,  illustrataj 

noticed,  viii,  452.  I 

Oenth,  on  minerals  and  rocks  from  Hecla,  vii,' 

114. 
Oeoffroy  St.  HUaire,  proposal  for  a  statue  to, 

v,138. 
Geographical  features  of  the  globe,  origin  of, 

J.  D.  Dana,  iii,  331. 
Geography,  Physical,  ChtyoCa  work  on,  no- 
ticed, X.  161. 
Geology,  Harpeth  Ridge,  Tennessee,  i,  222. 
of  Brazil,  i,  308. 
of  EMt  Florida,  T.  A.  Conrad,  ii,  36. 


Geology  of  Baldwin  Co.,   Ala,  sandstone 
rocks,  ii,  419. 

tertiary,  Warren  Co.,  Mississippi,  T.  A, 
Conrad,  li,  124. 

of  Texas,  F.  Rimer,  ii.  358,  vi,  21. 

of  Rocky  Mountains,  J.  C.  Fremont,  iii, 
192,27a 

J.W.Ab€rt,m,90U 

of  New  Mexico,  vi,  377. 

of  South  Alabama,  C.  S.  HaU,  vi,  354. 

of  Charleston,  8.  C.,  vii,  187. 

of  Canada,  ix,  12. 

of  the  Falkland  Islands,  ii,  124. 

of  Panama,  E.  Hopkins,  vi,  123. 

of  Kemielen*s  Ishind,  vii,  318. 

of  Auckland  Islands,  vii,  322. 

of  Crozet*s  group,  vii,  317. 

of  Russia,  senerel  review  of,  iii,  15a 

of  Russia,  Helmersen  on,  iii,  430. 

of  Malay  peninsula,  vi,  129. 

paralleii»m  between  European  and 
American,  as  regards  oalsBOZoic  rocks,  E. 
de  Vemeuil,  vii,  45,218. 

limiu  of  paleosoic  period  in,  D.  D.  Owem, 
iii,  365. 

Leonkard^s,  noticed,  iii,  149. 

of  Vermont,  Report  on,  by  C.  B.  AioMt, 
noticed  iii,  144. 

of  the  Isle  of  Wight,  by  G.  A.  ManteU, 
noticed,  iv,  147, 230. 

C.  LyelFs  new  edition,  noticed,  iv,  147. 

D.  T.  Ansted^s  works  on,  noticed,  iv,  300, 
X.  144. 

elementary,  by  E.  Hitchcock,  iv,  146. 

work  on  the  progress  of,  by  d^Archiae, 
noticed,  vi,  134. 

Christy's  letters  on,  noticed,  vi,  298. 

Museum  of  Economic,  England,  vi,  446. 

of  Exploring  Expedition  by  J.  D.  Ikma, 
noticed,  viii,  454. 

of  Canada,  Logan* s  report  on,  viii,  154, 
ix,  12. 

of  South  Carolina,  7Wmey*«  report  re- 
viewed, viii,  61. 

in  the  state  of  Mississippi,  x,  133. 
Geological  age  of  the  White  Mountains,  N.H., 
i,  411. 

survey  of  Vermont,  i,  435. 

formations,  distribution  of  palma  in,  ii, 
133. 

marine  formations,  cause  of  absence 
from  some  coasts,  C.  Darwin,  m,  120. 

results  of  the  earth*s  contraction,  J.  D. 
Dana,  iii,  176. 

epochs,  cause  of,  iii,  187. 

changes  in  the  planta  of  differ^ 
ent,  A.  Brongntart.  vi,  120. 

maps  from  sounuings,  vi,  149. 

Society  of  France,  extraordinary  session 
of,  i,  146,  ii,  440,  iii,  271,  iv,  449. 

Chart  of  the  world,  by  Baud,  i,  310,  ii,272. 

report  on  Keweenaw  Point  by  C.  T, 
Jackson,  x,  65 

reports  on  New  York,  reviewed,  iii,  57. 

Observations  in  South  America,  by  C 
Darwin,  noticed,  iii,  146. 

Journal,  London,  noticed,  iii,  146,  iv^  450. 

report  on  the  Chippewa  Land  District  of 
Wisconsin  and  Iowa,  by  D.  D.  Owen,  re- 
viewed, X,  1. 

Society  of  London,  annivenary  of,  vii 
451. 
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Geological  survey  of  TennetMO  by  TVooif, 

viii,  419. 
Geologittt  and  Natoraliatt,  Aasociaiion  of, 

see  Association. 
Georgia  Historical  Society,  volume  by,  no- 
ticed, vii,  151. 
C^erhardl^  C\,  compounds  of  phoephcNrus  and 
nitrogen,  iii,  105. 

atomic  volume   of  some   isomorphous 
oiyds  of  the  regular  system,  iv,  405. 

on  nitric  and  hvponitric  adds,  v,  117. 

on  phosphamid,  v,  407. 

on  atoms,  vi,  176. 

on  salts,  vi,  337. 

on  the  composition  of  epidote,  viii,  123. 

on    stearic    and    margaric    adds,   viii 
270. 

on  the  chemical  e<^uiva1ent8  and  nota- 
tion of  Laurent  and  himself,  ix,  364. 

Precis  de  Chimie  Organique,  noticed,  iii, 
145. 

Organic  Chemistry,   reviewed,  iv,  93, 

Geysirs,  temperature  of,  at  depths,  iii,  288,  v, 

confervas  in  hot  water  of,  iii,  288- 
Ot66es,  L.  A.,  observations  on  some  crasta- 
cea  in   the  collection  of  the  Acad.  Nat. 
Sd.  Philad.,  x.  122. 
Oibbes,  R  W.,  fossil  Squalide  of  the  United 
States,  vii,  441. 
on  dorudon,  ▼,  303. 
Oibbon,  J.  if ,  on  meteorite  from  North  Caro- 
lina, ix,  143. 
Oibbs,  J.  W.^  English  prefixes  derived  firoro 

the  Greek,  vi,  206. 
Gibbsite  and  Aliophane,  B,  Sdliman.Jr..  vii, 
411. 
Hermann's  analyses  of,  ix,  408. 
Gigantolite,  pseudomorph  of  iolite,  ii,  418, 
Gilbertite,  x,  115. 
Gildincr,  fire,  amalgamation  of  iron  and  steel, 

ii,266. 
Oillespig,  IV.,  Manual  of  road  making  by, 

noticed,  iv,  14d. 
OOUm^  J.  Af.,  magnetieal  and  meteorological 
observations  by,  noticed,  i,  143. 

report  on  a  depot  of  charts  and  instru- 
ments, i,  294. 

astronomical  observations,  noticed,  iii, 
149 

astronomical    expedition   of,   to   South 
America,  vi,  143,  viii,  30a 
Oilman,  C.  R.,  account  of  a  compound  achro- 
matic microscope,  made  by  Cbas.  A.  Spen- 
cer, V,  237. 
Oilmor,  /?.,  obituary  of,  vii.  142. 
Oirurd,  C,  on  the  so-called  biogen  liquid,  ix 

399. 
Girard  College,  magnetieal  and  meteorologi- 
cal observations,  vii,  455. 
Gismondioe  and  Phiilipsiie,  viii,  122. 
Glass,  analysis  of,  Pebgot,  ii,  114. 
Glass  snake,  ii,  89. 

plate,  making  o^  in  England,  iii,  293. 
auriferous,  vi,  255.  ^ 

photogmpny  on,  vi,  259,  x.  295. 
oolor^,  for  glazing  palm  house  at  Kew, 
iv,431.  *        *»~ 

Glaucophane,  a  new  mineral,  viii,  123. 
Glen  Roy  roads,  vii,  7. 
Glinkite,  analysis  of,  viii,  121. 


GloiMiine,  viii,  267. 
Gluten  of  the  oat,  iii,  331. 
Glycocoll,  and  its  compounds,  E.  N.  Bon' 
ford,  iii,  369,  iv,  53,  326. 
of  hippuric  acid,  iii,  257. 
A.  Laurent,  iii,  258. 

and  alcargene,  relationf  of;  7.  S.  AasC, 
iv,  lOS,  266. 
relations  to  hippuric  acid,  ▼,  417. 
see  Oelatine  sugar. 
Goadby's  solution,  how  made,  i,  265. 
Goitre  due  to  magneatan  salts  in  wmter,  to, 

304. 
Gold  in  the  Ural,  ii,  120. 
of  the  Rhine,  ii,  419. 
of  Dedham,  Mass.^  ii,  419. 
in  New  Mexico,  vi,  383. 
in  Russia,  vi,  275. 

in  California,  vi,  271,  vii,  125,  290,  306, 
307,  viii,  415,  X,  101. 

assay  oA  at  United   Statea 
mint  vii,  125. 

analyses,  viii,  128,  449,  x. 
255. 

rocks  acoompftnying:  J»D. 
Dojw,  vii,  262. 
of  Montgomery  Co.,  Maryland,  ix,  126. 
of  Africa,  vii,  436,  x,  255. 
mining  in  Virginia,  vii,  295. 
of  South  Carolina,  viii,  65.* 
in  Australia,  viii,  290. 
extraction  of,  C.  T.  JodboM,  vi,  187. 
extractioa  of  Irom  certain  copper  ores, 
ix,  297. 
Ooldfuss,  A.,  obituary  of,  vii,  143. 
Oovpert,  H,  R.,  origin  of  coal  of  Silesia,  iii. 

Index  Paleontologicus,  noticed,  z,  145. 
Ocrrie,  J.,  on  the  heat  evolved  from  air  by 

compression,  x,  39, 214. 
Gorgas,  •/.,  on  certain  frozen  leaves,  viii,  286. 
Gontp-Besanez,  on  the  occurrence  of  fonnie 

acid  in  stinging  neules,  x,  108. 
Goulds  A.  A,,  Principles  of  Zoology  by,  no- 
ticed, vi,  151. 
on  some  shells  of  Connecticut,  collected 

by  J.  H.  Unsley,  vi,  233. 
Gould,  £.  A.,  orbits  of  the  aateroida,  vi. 

28. 
editor  of  new  Astronomical  JoomaJ.  vii. 

450,  ix,  151. 
on  Kirkwood*s  analogy,  z,  26. 
report  on  the  history  of  the  discovery  of 

Neptune,  x,  149. 
Graham  on  the  diffusion  of  liquids,  x,  106. 
'Grains  produced  in  the  United  States  io  1847. 

vi,288. 
Granite  rocks  and  minerals,  origin  of,  J.  D. 

Dana,  ii,  351,  352. 
Grape  sugar,  dulcoee,  a  bomologue  of,  z, 

112. 
Graphite  in  meteorites,  ii,  384. 
Grapsus,  remarks  on  spedes  o(,  GiUes,  z, 

122. 
Grass-cloth,   notices   regarding   the   plants 

yielding  the  fibre  from  which  that  of  China 

IS  manufactured,  x,  207. 
Gray,  Ahnzc,  Elemenu  of  Natural  Philoae- 

phy  by,  noticed,  ix,  308. 
Gray,  Asa,  review  of  Sullivant's  Muacolagy, 

OQ  ft  new  genoi  of  8>ntal>ce»,  i,  986. 
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Gray,  A»a^  new  |[enera  and  speciei  of  Com* 
polite  from  Texas,  iii,  274. 

on  noroenclatare,  in  a  notice  of  Agatiix't 
Noroenclator  Zoologicus,  iii,  902. 
food  of  the  maatcMon,  iii,  436. 
Chloris  Boreali-Americana  of,  noticed, 
ui302. 

Botany  of  the  Northern  States  by,  an- 
nounced, Ui,  454. 

note  on  Carex  loliacea  and  C.  gracilia, 
W,  19. 
Manual  of  Botany,  t,  297,  377. 
Genera  Illuatrata  of,  noticed,  vi,  300,  yiii, 
452. 

notice  of  DeCandoIle*s  Prodromut,  vii, 
309. 

notice  of  botanical  collections  in  New 
Mexico,  vii,  452. 

notice  of  Hooker's  Flora  Antarctica,  viii, 
161. 

notice  of  Posthumous  papers  by  Wm. 
Griffith,  vii,  454. 

notice  of  Darlington*s  memorials  of  Bar- 
tram,  ix,  85. 
Oray,  J.  £.,  on  animal  of  Spirola,  i,  131. 
description  of  a  new  species  of  antelope 
from  W.  Africa,  t,  279. 
Green  sand,  composition  of,  W.  Fisher^  ix,  83. 

potash  from,  Wurtz,  x,  326. 
Or^ory^  ^m.^reparation  of  pure  phospho- 
ric acid,  i,  109. 

purification  and  properties  of  chloroform, 
x,261. 
Orifith,  W.f  notice  of  posthumous  papers  of, 

vii,  454. 
OnfiiA^  R.  £;.,  Universal  Formulary  of,  no- 

Uced,  ix,  457. 
Grooves  or  scratches  in  North  Wales,  i,  277. 
Orove,  W.  R.,  quantity  of  electrolysis  vary 
ing  with  the  sectional  area  of  the  electro- 
lyte, iv,  411. 

cooling  effects  of  hydrogen  in  voltaic 
ignition,  vii,  274. 
heat  produced  by  magnetism,  viii,  266. 
Guaia  omata,  x,  122. 
Guanite,  ii,  268. 

Guano,  essay  on,  by  J.  E.  TeschemacheTf  no- 
ticed, i,  311. 
salts  in,  E.  P.  Teschemacher,  ii,  267. 
new  substances  in,  Herapath,  viii,  129. 
Oiickelberger,  G.,  volatile  products  from  the 
decomposition  of  albumen,  &c.,  vii,  107. 
on  caprylone,  viii,  271. 
on  the  action  of  heat  upon  caprylate  of 
lime,  X,  258.  r-        r-# 

Gulf  Stream,  exploration  of,  v,  316. 
Gun-cotton,  iii,  102,  142,  259, 295. 
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use  in  blaming  and  mining,  T.  B,  Adams. 
iv,  139,  vi,  256. 

formula  of,  and  some  allied  compounds, 
IV.  140. 

on  the  discovery  of,  C.  F.  Schdnbein.  iv, 

440.  . 

microscopic  examination  of,  iv,  445. 

used  in  silvering  glass,  viii,  117. 

for  tooth-ache,  vii,  304. 

Gun-paper  and  gun-sawdust,  iii,  142,  260. 

Gunpowder,  report  on  force  of,  by  A.  Morde- 

cat,  noticed,  viii,  309. 

on  a  new,  x,  260. 


Gitfftrie,  S.,  obituary  oC  vii,  143. 
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^246,  vii,  203, 276. 

pronunciation  and  etymology 
of  the  term,  iv,  289,  433. 
Guyol^  Arnold^  Observations  on  the  Contrast 
in  the  physical  Features  and  Resources 
between  the  Old  World  and  the  New 
WoHd,  X,  163. 

The  Earth  and  Man,  by,  noticed,  viii, 
liiS,  X,  161. 
Gypsum,  solubility  o^ii,  114. 
artificial,  v,  1 12. 
in  culinary  salt,  v,  258. 
in  New  Mexico,  vi,  383,  389,  390. 
of  Onondaga  salt  group,  origin  of,  vii, 
175. 
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ticed, iii,  310. 
Haidinger^  IV.,  on  brandisite,  v,  267. 

Nat  Hist.  Transactions  by,  noticed,  vi, 
154. 
on  dolomisation,  vi,  268. 
on  hauerite,  iv,  108. 
Haidinger's  brushes,  x,  394. 
HaiU,  J.  C,  comet  of  1844-5,  i,  449. 
Hair  of  man,  on  the  increase  of,  x,  129. 
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statistics  ot  an  iron  furnace,  v,  296. 
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on  a  new  organ  of  sound  in  Lepidoptera. 
v,435. 
on  the  Death-watch,  v,  435. 
remark  on  the  insects  of  Mexico,  v,  435. 
blast  furnace  for  smelting  iron  with  an- 
thracite,  vi,  74. 
Cremastochilus  in  ant  nests,  vi,  148. 
notice   of  Agassix's  Bibliography,  vii, 
454. 

on  new  Hemiptera  and  Hymenoptera, 
ix,  108. 
Hale^  C.  5.,  geology  of  South  Alabama,  vi, 

354. 
Hale,  ff.,  on  the  natives  of  Australia,  i,  302. 
migrations  in  the  Pacific  Ocean,  i,  317. 
origin,  &c.,  of  the  Polvnesians,  i,  904. 
Haliotis,  new  species,  C.  Adams,  vi,  136. 
Hcdl,  Jas.,  geological  section  on  Bear  moun- 
tain, by,  noticed,  i,  31 1. 

Paleontology  of  New  York,  noticed,  iii, 
454,  V,  149. 
Atops  trilineatus,  v,  322. 
resultit  of  paleontological  investigations 
in  New  York,  v,  243. 

translation   of  Vemeuil  on  American 
and  European  palsDozoic  formations,  with 
notes,  V,  176,  359,  vii,  45,  218. 
Halley's  Comet,  ancient  returns  of,  iii,  126. 
note  on,  by  E.  Loomis,  v, 
370. 
HalloweU,  £.<,  new  bat  from  West  Africa,  ii, 
273. 
on  Eryx  maeulatus,  ix,  137. 
Hancock,  A.,  on  boring  bivalves,  i,  130^  vii. 
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HardcastU,  E.  L.  F.,  Map  of  Mexico,  ^^1 

noticed,  x,  303. 
Hare^  R.^  salt  radical  theory  of  Liebig,  i,  82 
377. 

on  the  fusion  of  iridium  and  rhodium,  ii, 
365. 
on  the  preparation  of  oemium,  ii,  369. 
fusibility  of  otroiuret  of  oemium,  ii,  369, 
on  free  electricity,  iii,  334. 
on  the  hydro^xygen  blowpipe  and  ar- 
ranaements  for  fusing  iridium,  Sic^  iv,  37. 
objections  to   the   theories   of  Dufay, 
Franklin  and  Ampere,  v,  230,  343,  vi,  45. 
on  the  explosion,  during  the  fire  at  New 
York  of  1845,  vi,  281. 
Harlanus  Americanos,  iii,  125. 
Harmotoroe,  composition  of,  viii,  123. 
Harritf  J.,  Man  Primeval,  ix,  456. 
harris,  T.  W.^  observations  on  the  seven- 
teen year  locust,  iii,  218. 
Harris^  W.  S.,  protection  against  lightning, 
iv,  430. 

nature  and  laws  of  electrical  attraction, 
iv,  413. 

Hartshome^  C,  analysis  of  eroerylite,  x,  1 17. 
Hartwall^  C.,  on  a  new  spodumene  locality, 

at  Norwich  Mass.,  x,  264 
Harvard,  department  of  Science  and  Arts, 

founded  by  A.  Lawrence^  iv,  146,  294. 
Harvey^  W.  H.,  on  collecting  and  preserving 
Algfe,  vi,42. 
works  by,  on  AIga9 ,  noticed,  viii,  453. 
Hatsall,  history  of  British  fresh  water  ALne, 

i,  454. 
HoMler,    maximum   density  of  water,    iii, 

427. 
Hassler's  logarithmic  tables,  errors  in,  v,  400. 
Hauerite,  a  new  mineral,  iv,  108. 
Hausmannt  cause  of  irised  colors  in  minerals, 

vi,254, 
Haiiyne,  vii,  435. 

Hawaii,  old  crater  adjoining  Kilauea,  vii 
287. 

account  of  the  eruptions  of,  J.  D.  Dana, 
u,  342,  ix,  347,  x,  285. 
Hawaiian  and  other  islands  of  Pacific,  bow 

peopled,  i,  317. 
Hay,  analysis  of  the  ash  of,  ix,  20. 
Uaife9^  A.  A.,  on  the  manufacture  of  snlpho- 
ricacid,  vi,  113. 
blowpipe  characters  of  pvrrliite,  ix,  423. 
on  red  zinc  ore  of  New  Jersey,  ix,  424. 
Hayes,   J.  X..,  notice   of  Waltershausen'i 

work  on  Etna,ii,  157. 
Heat,  analogy  of,  to  light,  J.  Henry,  v,  U3. 
effect  ot,  on  the  tenacity  of  iron,  i,  299. 
radiant,  laws  of,  i,  429. 
J.  D.  Whelpley'g  views  on,  ii,  404. 
and  magnetism,  relations  of,  W.  A.  Nor- 
/o«,iv,  1,207. 

on  the  quantity  of,  evolved  from  atmos 
pheric  air  by  mechanical  compressioo,  J 
Qorrie,  x,  39,  214. 

on  the  production  of  light  by,  J,  W 
Draper,  iv,  388. 

of  commencing  incandescence,  uniform 
for  different  substances,  iv,  391. 

slowly  transmitted  through  day,  J,  Na- 
smyth,vi,  119. 

efTecu  of,  on  the  density  of  rocks,  v, 
258,  vi,  133. 


Heat,  power  of  radiatiiig,  of  Sttumt  aiib- 
stances,  vi,  255. 
nocturnal  radiation  of,  Afiattont,  vi,  418. 
produced  by  ma^etism,  Orace,  viii,  266. 
polarization  of,  viii,  410. 
luution  of  the  plane  of  polarization  by 
magnetism,  ix,  344. 
secular  chan^  of  L.  W.  Afeedk,  z,  49.  • 
latent,  effect  m  caoutchouc  and  nsi  awfy 
of,  to  elasticity,  C.  O.  Page,  iv,  341. 

latent  and  specific  in  bodiea,  C.  C.  Per- 
son, vi.  111. 
Hebe,  a  new  planet,  iv,  286,  vi,  437. 
Heberdenj  W^  obituary  of,  ii,  145. 
Heck,  O^  loonographic  Encyclopedia,  notice 

of,  viii,  451. 
Hecla,  eruptions  of,  ii,  290. 

rocks  and  minerals  of,  P,A.  Oemtk^ru^^Ui. 
volcanic  dust  of,  iii,  272. 
temperature  of  geysirs,  iii,  288. 
Height  of  Vesoviua,  I  452. 
of  Madeira,  vii,  314. 
of  Antarctic  raountaina,  vii,  3S5. 
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383,387,388. 
see  (arther,  LffveL 
Heights  in  the  Himalayaa  and  Andea,  viii. 

Miss  ColtharBt*s  scale  of,  ix,  456. 
tfetne,  determination  of  bromine  in  waftan, 

ii,113. 
Heinsiut,  H.,  method  of  preparing  theine,  z, 
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Heinlz,  W.,  a  new  acid  found  by,  in  homan 
urine,  i,  104, 

({uaniitative   determination  of  area  in 
urine,  ii,  110. 

on  the  quantitative  determination  of  sul- 
phur in  organic  bodies,  v,  408. 
on  phosphates  of  oiagnaneae,  viii.  111. 
composition  of  bone  earth,  viii,  27L 
analysis  of  bones,  viii,  410. 
Helix  annnlau,  TV.  Case,  m,  101,  876. 

olfiictory  sense  in,  iii,  434. 
Heliceros,  new  genus  of  belemnitaa,  J.  />. 

Dana,  v,  434. 
Hell,  Hommaire  de,  obituary  of,  vii,  451. 
Helmerson,  on  Russian  geology,  iii,  490. 
Hematite,  litholocical  relations  in  Connecti- 
cut, J.  Q  Percival,  ii,  268. 
Hemiptera,  new,  5.  5.  Haldemam,  ix,  108. 
Heucke,  K.,  on  the  new  planet  Aatrea,  i,  443. 
discovery  of  the  new  planet  Hebe,  iv, 
286. 
Henfrey,  A.,  Outlines  of  structural  and  phys- 
iological Botany,  noticed,  ii,  444. 
Henry,  J.,  protection  of  buildings  from  bght- 
ning,  having  metallic  roo^  ii,  405. 

induction  of  atmospheric  electricity  on 
telegraph  wires,  iii,  25. 

observations  on  the  interference  of  rays 
of  heat,  iv,  148. 
on  heal,  v,  113. 

elected  Secretary  of  the  Smtthaonian  In- 
stitution, iii,  133. 
on  the  Smithsonian  Institution,  vi,  305. 
Henwood,  W.  J.,  superposition  of  ■uaermla  in 

metalliferous  veins,  iii,  269. 
Hermann,  on  native  tin,  ii,  415. 
on  xylite,  ii,  413. 
on  turgiie,  ii,  415. 
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Hfrmann,  on  Mtive  vitinMiiuato  of  Itad,  n, 
414. 
•troffanowite,  iif  418. 
on  Pennite,  a  new  mineral,  ix,  217. 
notice  of  mineralB,  ii,  408. 
on  itocDorpbiBm,  ix,  221. 
Hermann$en,  A.  N.,  work  by,  on  Malaoosoa, 

noticed,  vi,  151. 
Herrick,  E.  C.,  on  ■hooting  stars  of  Aug.  10, 
and  Nov.  13,  1845,  i,  86. 
ibid,  of  Aug.,  1846,  iii,  125. 
ibid,  of  Nov.,  1846,  iii,  126. 
ibid,  of  August,  1847,  vi,  278. 
ibid.  1848,  vi.  279. 
ibid,  of  April  and  August,  1849,  yiii,  429. 
Aurora  borealis  of  Nov.,  1846,  iii,  126. 
of  Nov.  17, 1848,  vii,  127, 
893. 

Auroral  belt,  of  April  7,  1847,  iii,  440, 
iv,  145,  vii,  126. 
fiiela'it  comet  and  companion,  i,  293, 446. 
Herschel^J.  F.  W.,  life  of  Bessel,  iv,  305. 
results  of  astronomical  observations  at 
Cape  of  Good  Hope,  v,  86. 

Outlines  of  Astronomy  by,  noticed,  viii, 

456. 

Heteromerisro,  see  ItomorphtMm. 

Heulandite,  analysis  of,  viii,  122. 

Hibernation  of  animals,  v,  108. 

Higfintj  Ja$.t  Report  as  State  Agricultural 

Chemist,  to  the  bouse  of  Delegates  of  Ma 

ryland,  mentioned,  x,  149. 

Highland  Agricultural  Society*s  prize  of  JC50, 

awarded  to  J.  P.  Norton,  i,  309. 
HUdreth^  S,  P.,  Meteorological  Journal  at 
Marietta,  Ohio,  i,  202(1845),  iii,  212  (1846), 
T,  250  ( 1847),  vu,  240  ( 1848).  ix,  264  ( 1849.) 
on  the  seventeen  years  locust  in  1846, 
iii,  216. 
Pioneer  History  by,  noticed,  viii.  157. 
Himalavas,  heights  in.  viii,  133. 
Hind^  R.  B.,  on  the  number  of  known  plants, 

1,132. 
Hind,  J,  12.,  discovery  of  the  planet  Iria,  iv, 
425. 
on  the  new  planet  Flora,  t,  135. 
Hind's  Comet,  ii,  439,  iii,  132, 282. 
Hippopotamus  at  Sierra  Leone,  iii,  125,  viii, 

Hippuric  acid,  transformation  of,  into  benioic 

acid  and  glycocoll,  iii,  257. 
Hitchcock,  £.,  species  of  fossil  footmarks,  iv, 

46. 
trap  tuff  or  volcanic  grit  of  Connecticut 

▼alley,  iv,  199. 
notice  of  Elementary  Geology  by,  iv, 

146. 
memoir  oo  Foasil  Footmarks,  by,  noticed, 

viii,  151. 
Hitchcock^  £.,  Jr^  on  a  new  spoduroene  lo- 
cality at  Norwich,  Mass.,  x,  264. 
Ho/mann,  preparatioQ  of  oxychlorid  of  car- 

bon,x,  258. 
Holme§,  P.  £.,  geology  of  Charieston,  S.  C, 

vii,  187. 
Homokigiet  of  the  vertebrate  skeleton,  R, 

Owen,  iv,  123. 

Honey,  sugars  of,  Simbeiran^  x,  113. 

Hooker^  J.  !>.,  Species  Filicum,  i,  454,  iii,  147. 

en  the  Diatomaceoos  vegetation  of  the 

Antarctic  Ocean,  iv,  424. 


Hooker,  J.  D.,  botanical  mission  to  India,  ▼, 
290. 
Journal  of  Botany,  v,  453. 
London  Journal  of  Botany  and  Kew  Gar- 
den Miscellany,  vii,  453. 

extent  of  flora  of  coal  era  in  Britain,  viii, 
131. 
Flora  Antarctica  of,  noticed,  viii,  161. 
description  of  the  table  land  of  Thibet, 
ix,  298. 
Hopkins,  views  on  the  origin  of  joints  in 

rocks,  iii,  393. 
Hopkins,  E.,  Isthmus  of  Pkinama,  vi,  123. 
Hopkins,  T.,  on  rise  of  isothennal  lines  in 

northern  winters,  x,  397. 
Horn,  a  substitute  proposed  for,  Rochon,  ii, 

266. 
Hornblende,  x,  253,  254. 
Horse's  stomach,  analysts  of  concretion  from, 

iv,  274. 
Horsjield,  T.,  on  the  Island  of  Benka,  vii,  86. 
Horsford,  E.  N.,  nutrition  of  vegetable  sub- 
stances reckoned  from  the  nitrogen  pres- 
ent, ii,  264. 

Chemical  Essays  relative  to  agriculture, 
noticed,  iii,  144. 

on  glycocoll  and  iu  compounds,  iii,  369, 
iv,  58,  ^26. 

Varrentrapp  and  Will's  method  for  the 
determination  of  nitrogen  improved,  iv, 
267. 

Strecker's  researches  on  oxgall,  commo- 
nicated  by,  v,  417. 

resistance  presented  to  fluids  by  electric 
conduction,  v,  36. 
new  blaU  lamp,  v,  126. 
Liebig's  new  mode  of  separating  nickel 
and  cobalt,  communicated  by,  v,  411. 

on  motions  of  fluids  in  animal  bodies, 
▼,  415. 

on  the  relations  of  barium,  strontiom, 
Ac,  ix,  176. 
Horticulturist,  by  A.  J.  Downing,  notice  of, 

u.  298. 
HorUm,  W,,  obituary  of;  i,  152. 
Hot  surfaces,  phenomena  attendant  on  tiie 

projection  of  bodies  on,  i,  99. 
Hot  Springs,  Rocky  Mountains,  iii,  198, 450. 
in  Cascade  Range,  iii,  200. 
sulphur,  in  KooMistan.  iii,  349. 
Hough,  F.  B.,  on  sulphuret  of  nickel,  ix,  287. 
mineral  localities  of  northern  New  York, 
ix,  288,  424. 
Houghton,  D.,  obituary  of,  i,  150,  v,  217. 
Howardite,  a  new  mineral,  vi,  253,  405. 
Huhbard,  O.  P.,  notices  of  Koordistan,  iii,  347. 
on  erosion  in  New  Hampshire,  ix,  158. 
on  the  resuscitation  of  froxen  fish,  z,  132. 
rutile  and  chlorite  in  quartz,  x,  350. 
Hubbard,  B ,  memoir  of  D.  Houghton,  v,  217. 
Hudson  river,  time  of  opening  and  closing, 

vi,  295. 
Hudsonite,  analysis  ot,  n,  228. 
Human  bones,  alledged  fossil,  ▼,  249. 

races,  T.  Svuftk  on  the  unity  o^  noticed, 
X,  143. 

African,  x,  276. 
Humboldtite,  crystalline  slags  allied  le,  v, 
128.  --e  -^     , 

Humite  identical  with  chondrodite,  viii,  123. 
Hunt,  E.  B.,  on  the  dispersion  of  light,  ym,96i. 
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HmU,  E.  B.,  on  the  intorpretatkm  of  JIUri< 
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influence  of  light  on  the  growth  of  planu, 
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ml  action,  vii,  27z. 

on  the  application  of  magnetism  as  a  mo- 
tive power,  z,  282. 

chemical  acticm  of  the  sun,  z,  405. 
Hunt,  T.  S.,  on  enceladite,  ti,  30. 

on  osone,  ii,  103. 

artificial  formation  of  specular  iron,  ii, 
411. 

analysis  of  Tezas  and  Lockport  mete- 
oric iron,  ii,  370. 

formation  of  organic  bases,  ii,  406. 

review  of  Gerhardt's  Precis  de  Chimie 
Organi<)ue,  iv,  93,  171. 

relations  of  glycoooll  and  alcargene,  iv, 
106,266. 

action  of  sulphuretted  hydrogen  upon 
hyponitric  ether,  iv,  350. 

translation  of  Gerhardt  on  isomorphous 
ozyds,  iv,  405. 

chemii^  constitution  of  gelatine,  v,  74. 

observations  on  the  nitrates,  phosphates, 
etc.,  V,  118. 

on  the  nitriles,  v,  119. 

on  benzine  and  thialdine,  v,  123. 

on  anhydrid  amids,  v,  264. 

nature  of  nitrogen  and  nitrons  ozyd,  v, 
407. 

analvsis  of  chromic  iroo,  v,  418. 

on  the  atomic  volume  of  sulphur  and 
nitrogen  and  on  f^urent^s  theory  of  binary 
molecules,  vi,  170. 

note  on  the  chemical  naturo  of  gelatine, 
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constitution  of  proteine,  vii,  109. 

sulphuric  acid  springs  and  sypeumof  the 
Onondaga  salt  group,  vii,  175. 

on  some  principles  to  be  considered  in 
chemical  classification,  vii,  399,  viii,  89. 

bomologues  of  phenol,  vii,  431. 

algerite,  a  new  mineral  species,  viii,  103. 

mmeral  springs  of  Canada,  viii,  364,  iz, 
266. 

decomposition  of  aniline  by  nitrous  add, 
viii,  372. 

on  glonoine,  viii,  267. 

on  the  geology  of  Canada,  iz,  12. 

on  the  constitution  of  leucine,  with  re 
marks  on  the  late  researches  of  Wurtx,  iz, 
63. 

translation   of  Gerhardt  on    chemical 

equivalents  and  notation,  iz,  364. 
Hunt*8  Merchant's  Magazine  and  Commer- 
cial Review,  noticed,  z,  148. 
Hurricane,  Antje's,  of  1842,  i,  2. 

second,  of  Sept  1842,  i,  15. 

of  Cuba  and  Atlantic,  Oct,  1844,  W,  C. 
l{ed£eU,  i,  333,  u,  162,311. 

of  the  Charles  Heddle,  ii,  183. 
Button's  mathematical  tables,  errors  in,  v, 

396. 
Hviz«lmann,  A.,  oo  dillnite,  z,  247. 


Hyalite  and  hydrophaBe,  aiiiiiially  i 

V,  412. 

Hybodus  foond  fossil,  i,  880. 
Hybrid  qimdmpeds,  iii,  39. 
birds,  ui,  203. 

reptiles,  fishes  and  molloeca,  iii,  906. 
plants,  iii,  209. 
Hybridiiy,  observataons  on,  S.  Q.  Jibrtoi,  in, 

,203. 
Hydrarchos,  identity  of,  with  the  aeaglodaii« 

n,  129. 
Hydro-benzamid,  benzoline  from,  ii,  406. 
Hydrocarbons  liquid,  used  for  illnminrtion, 

viii,  109. 
Hydrocyanic  acid,  new  test  for,  iv,  101. 
Hydrodynamics,  memoirs  on,  read  before  tbe 

British  Association,  iii,  140. 
Hydrogen,  cooling  effects,  in  voltaic  if  uitioB, 

W.  a  Orove,  vii,  274. 
passage  o(,  through  solid  bodies,  Titi,  S73, 

iz,  421. 
Hydrogen  blowpipe,  R,  Hare,  iv,  37. 
llygeia,  elements  of  the  planet,  viii,  428. 
Hymenoptera,  new  species  oC  iz,  106. 
Hyops  depressilrons,   a  new  mammal,   t, 

104. 
Hypersthene,  z,  147. 
Hypnum  palndosum,  i,  71. 
Hypochloroos  acid,  preparatioQ  ci,  WU 

ton,  ii,26l. 
Hyposclerite,  z,  250. 


loe,  contraction  of,  in  cooling,  i,  117. 
dilatation  of,  iii,  450. 
manufacture  of,  vii,  280. 
Icebeivs,  temperature  of  sea  near,  vi  143L 
of  the  antarctic,  J.  C.  Ro§m^  vii,  324, 
viii,  14. 
Ichthyosaurus,  supposed  embryo  ol^' found, 

i,  276. 
Iconographic  E^cyclopssdia  of  O.  Htet,  no- 
ticed, viii,  451,  iz,  151. 
Idocrase,  crvstals  allied  to,  in  slaga,  t,  127. 
in  Sanford,  Me.,  vi.  425. 
manganesian,  z,  251. 
Igneous  rocks,  origin  ot,  and  their  ralatiaiiB, 

J.  D.  Dana,  ii,  348. 
Ignition,  phenomena  of,  ▼,  1. 
Iguanodon,  remains  ofl  foimd  in  the  Isle  of 
Wight  i,  275. 

new  discoveries  of  bones  o(,  G.  A.  JUim- 
tdi,  vi,  429,  vii,  150.  438,  439. 
Illumination,   liquid   hydrocarbons  for,  vm, 

109. 
Ilmenium,  iii,  116. 
Incandescence  of  iron,  copper,  dkc,  in  the 

vapor  of  alcohol,  ii,  260. 
Incombustible,  mode  of  rendering  substan- 
ces, viii,  118. 
Incombustible  man,  viii,  431. 
Indez  Paleontologicus,  of  Bronn,  Ofppert 

and  Meyer,  noticed,  z,  145. 
India,  couoo  in,  ii,  141. 
iron  and  coal  in,  iv,  109. 
tea  and  American  cotton  in,  vii.  135. 
Indian  races,  ethnography  and  archssofogy 
of;  iS.  Q.  Morton,  h,  1. 

forms  of  skulls,  mode  of  burial, 
ii,  8,5. 
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lodiaii  raKct  and  mounds,  £.  O.  Sotdcr,  ii, 
284,  iii,  237,  iv,  439. 

in    Kentucky, 
E.  O.  Squier^  viii,  1, 
discoidal  stonea,  ii,  13, 216, 287. 
pipetlnne.  ancient,  E.  O.  Sauier,  ii,  887. 
hieroglyphical  roic4i,  it,  145. 
tcnlpiure  and  artificial  footprints,  £.  H. 
DaviM,  iii,  286. 
Indian  Archipelago,  vi,  157. 

corn,  chemical  examination  ot,   J,  U 
Sait«&ury,  jioticed,  viii,  307* 

summers  the  placid  intervals  between 
autumnal  storms,  V/,  C,  Redfietd,  i,  169. 
Indians  of  the  Upper  Sacramento,  vii,  256. 
Indianite,  analysis  of,  viii,  389. 
Induction  by  analogy,  J.  D,  WhetpUy,  ▼,  33, 
328. 

S.  Tyler,  ▼,  319. 
Infinite  quantities^  considerations  on,  5.  Al- 

exander^  vii.  333. 
Infusoria  of  Maryland,  vii,  437. 

of  volcanic  rocks,  noticed,  by  Ehrtn- 
berg,  i,  123. 
siliceous  shields  of;  in  guano,  i,  442, 452, 
in  Oregon,  ix,  140. 
in  Florida,  x,  282. 
on  the  teeth,  ix,  442. 
Inglit,  R.  H.,  address  before  the  meeting  of 

the  British  Association,  iv,  239. 
Ink  for  steel  pens,  viii,  109. 
Inorganic  substances  in  plants,  v,  125. 
Insecu  of  Mexico,  v,  435. 
see  farther.  Zoology. 
Instruments,  self-reeistration  of  roasnetical 

and  meteorological,  iii,  428,  ix,  319. 
Interpolations,  new  formula  for,  J.  H,  Alex- 
ander^ vii,  14. 
Intonation,  perfect  musical,  ix,  68, 199. 
Inundation,  see  Flood. 
Involution  and  evolution  by  logarithms,  J. 

L.  RiddeU,  vii,  232. 
Iodine,  new  mode  of  detecting.  Til,  106,  ix, 
114. 
new  propeHy  of.  Si.  Victor,  vi,  258. 
in  fresh  water  plants,  x,  110. 
Ibdolite,  a  meteoric  mineral,  ii,  380. 
lolite,  pseudomorphs  of,  ii,  418. 
Iowa,  fall  of  meteoric  stones,  ir,  288,  429, 
geological  report  on  the  Chippewa  Land 
District  of,  reviewed,  x,  1. 
Iridium ,  fVision  of,  R  Hare,  ii,  365. 

apparatus  for  fusing,  R.  Hare,  iv,  44. 
Iris,  new  planet,  discovery  of,  iv,  425. 
Irised  colors  of  minerals,  cause  of,  Haidinger, 

vi,254. 
Irish  sea  fisheries,  resources  of,  iv,  437. 
Iron,  atomic  weight  of,  i,  103. 

analysis  of  wrouaht,  Mi/ier,  vii,  276. 
manufacture  of,  J.  L.  Smkh,  i,  170,  ii,  95, 
tenacity  of,  how  influenced  by  beat,  i, 
899. 

vibrations  nroduced  in,  by  a  galvanic 
current,  i.  426. 

quantitative  determination  of;  Margue- 
rite, ii,  257. 

incandescence  of;  in  the  vapor  of  alco- 
hol, ii,  260. 

amalgamation  of,  to  prepare  for  fire-gild 
ing,  ii,  266. 
meteorie,  see  Meteoric, 


Iron,  native,  of  Canaan,  Ct,  v,  998. 
compounds  of,  with  carbon,  iv,  104. 
and  coal  in  India,  iv,  109. 
blast  furnace  for  smelting  with  anthra- 
cite, S.  S.  Baldeman,  vi,  74. 

statistics  of,  S.  S,  HaJdt' 
on,  v,296. 

manufacture  in  Great  Britain,  lii,  291. 
soldering  cast  and  wrought,  viii,  117. 
nitrates  of,  J.  M.  Ordway,  ix,  30. 
reaction  with  anhydrous  sulphuric  addf 
viii,  271. 

ores,  on  Fndis*s  method  of  analyzing, 
Rogers,  vi,  395. 
ores  of  Stiuth  Carolina,  viii,  65. 
Islands,  trends  of  groups  of;  J,  D.  Dqmu  iii, 

383. 
Isodynamic  lines  of  North  America,  iv,  19T. 
Isoetes,  species  of,  A.  Brawn,  iii,  52. 
Isomerism,  arragonite  and  oalc  ^par  an  in- 
stance of,  ii,  417. 
Isomorphism  of  water  with  magnesia,  d^c* 
Scheerer,  U,  115,  v,  381,  vi,  57,  189. 
Bertelius  and  Laurent,  v,  409. 
polymerous,  observation  on,  viii,  128. 
of  minerals,  heteronomic,  J.  D.  Dana, 
ix,  220,  407,  429,  X,  121. 
Isomorphous  oxyds  of  the  regular  svstem, 

atomic  volume  of,  C.  Oerkardt,  iv,  405. 
Isopodous  Crustacea,  new,  J.  D.  Dana,  viii, 

424. 
Italian  Congress  of  Science,  i,  452*  iii,  148, 

v,297. 
Italy,  fall  of  meteorites  in,  iii,  141. 

climate  of,  vii,  304. 
Ivanqfoa  kaUphite,  ii,  416. 

J. 

Jackeon,  C.  T.,  on  cancrinite,  nepheline  and 
zircon,  from  Maine,  i,  M9. 

ores  and  minerals  of  Lake  Superior,  ii, 
118,  vii,  286,  X,  65.  % 

inhalation  of  ether  producing  insensibil- 
ity to  pain,  iii,  444. 

Beaumont*s  tribute  to  American  geolo- 
gists, V,  137. 

Circular  on  a  statue  to  M.  Geofl^  St. 
Hilaire,  v,  138. 
extraction  of  sold,  vi,  187. 
tellurium  in  Virginia,  vi.  188,  x,  78. 
description  of  vermiculite,  ix,  482. 
water  in  »*  Anhydrous  Prehniie,"  x,  181. 
analysis  of  water  from  a  hot  spring  near 
the  Great  Salt  Lake,  x,  134. 
Jadcson,  J.  R,  work  on  minerals  and  their 

uses,  noticed,  x,  147. 
Jacksonite,  or  anhydrous  prehnite,  vi,  868, 

X,  121. 
Jacob,  W.  S.,  oo  the  extinction  of  light  'm 

the  atmosphere,  x,  129. 
Jacobi,  elected  a  member  of  the  fVench 

Academy,  ii,  891. 
Jacmielaine,  V.  A.,  estimation  of  copper,  iii, 

new  process  for  obtaining  the  chromates, 
V,  262. 
Jade  allied  to  tremolite,  Damov,  n,  867. 
Japan,  aualocies  of  fbra  of;   with  United 


Sutes.  ii,  135. 
iflMiting< 


sflMiting  cofiper  in,  viii,  83lw 
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JMper  in  Upper  Ctlilbraia,  vfi,  257. 961. 
Jenyns,  L.,  obaenrationt  in  natunu  hittoiyt 

noticed,  ii,  446. 
J6bet%  A.  C.  Om  Philoiophy  of  Geolopy  «nd 

Ideaa  of  a  new  lytteni  of  Philoaopny,  no- 
ticed, Til,  150. 
Johnson,  £.,  meteorological  obtervationt  at 

Sandwich  Islands,  iii,  437. 
Johnson,  O.  W.,  Dictionary  of  Model  Gar- 

dening,  iv,  148. 
Johnson,  S,  W.,  on  ralphortt  of  nickel,  ix, 

287. 
Johnson,  W.  R.,  on  the  tenacity  of  iron,  i, 

299. 
on  coloring  geological  sectiona,  v,  111. 
on  artificial  proouction  of  gypsum,  v, 

112. 
JohnsUm,  A.  K.,  Physical  Atlas,  ix,  454. 
Joints  in  rocks,  origin  of,  iii,  393. 
Jones,  T.  P.,  obituary  of,  v,  443. 
Jones,  T.  W.,  on  the  blood-corpuscle,  i,  138, 
Jones,  W.,  on  the  death  and  disappearance  of 

some  trees  and  shrubs,  i,  450. 
Jordan,  Ljrnch's  observations  on,  vi,  441,  viii, 

317.  .     ,       ,   «M 

Molynenx  on,  vi,  146. 
Joslyn,  C,  F.,  limit  of  subdivision  by  tritnra 

tion,  V,  48. 
Journal,  Boston,  of  Natural  History,   sec 
Boston. 

of  the  Academy  of  Natural  Sciences  at 
Philadelphia,  see  Academy. 

of  the  Lyceum  of  Natural  History  of 

New  York,  see  Lyceum. 

of  Botany,  Hooker's,  v,  453. 

of  the  Indian  Archipelago  and  Eastern 

Asia,  noticed,  x,  150. 

Jussieu*s  Elements  of  Botany,  viii,  303. 


Kaliphite,  a  new  mineral,  ii,  416. 
KarinfUa,  analyses  of  Dillnite,  x,  247. 
Karsten,  Martmsite,  a  new  mineral,  ii,  119. 
compounds  of  iron  with  carbon,  iv,  104. 
amorphous  boracite,  iv.  415. 
Kasbeck,  ascent  of  peak  of,  i,  308. 
Keilhauite,  a  new  mineral,  ii,  415. 
Keller,  F.,  on  the  preparation  of  metaoetonic 

acid,  X,  256. 
Keller,  W.,  analysis  of  a  calculus  from  the 

bladder  of  a  whale,  ix,  118. 
Kendall,  J.  L.,  analysis  of  Washingtonite  of 

Shepard,  i,  122. 
Kent,  E.  N.,  on  gutta  percha,  vi,  246. 
Kentucky,  mounds  of,  E.  O.  Squier,  viii,  1. 
Kerpielen's  Land,  remarks  on,  vii,  318,  viii, 

Kew,  Botanical  garden  at,  iv,  261. 

colored  glass  for  gla- 
ling  Pftlm  houae,  iv,  431. 
Keweenaw  Point,  geological  structure  of,  C. 

T.Jackson,  1,65. 
KeyserUng,  Geology  of  the  Petschora  Land, 

noticed,  iv,  419. 
Kilauea,  Hawaii,  analysia  of  glassy  scoria 
of;ii,27a 

on  the  old  erater,  adjoining,  C.  S.  Ly^ 
man,  vii,  287. 
eruptiona  o^  J.  D.  Dana,  ii,  34S.  ix,  347, 


jKtfur,  A.  Tn  QO  Ibotpriiits  in  the  eoal  racka 

or  Pennsylvania,  i,  268. 
Kirkwood,  D.,  a  new  analogy  in  tfa«  p< 

and  rotations  of  the  planets,  ix,  395t. 
Kirkwood's  Analogy,  examination  of,  S.  C. 

Walker,  t,  19. 

ibid,  B.  A.  OoM,Jr^ 

x,26. 
Knapp,  F.,  Chemical  technology  by,    do- 

ticed,  viii,  156,  308. 
KnoNaudi,  H.,  on  the  deportment  of  crya- 

ulline  bodies  between  the  polea  of  a  mag- 
net, ix,  414. 
magneto-optic  propertiea  of  cryatak,  x, 

393. 
Knop,  W.,  on  the  atomic  weight  and  cooh 

pcmnds  of  mannite,  x,  HI. 
Kolbe,  H.,  on  decompoaitioa  of  cyanid  at 

ethyle,v,  119. 
Konindk,  L.  de,  work  by,  on  fbsaOa,  notieed, 

vi,454.  _ 

Koordistan,  springs,  salt,  minea,  Ae^  ai,  ws, 

947. 
Kopp,  H.,  atonic  vreight  of  ailiea,  vin,  414, 

ix,284. 
Kraurite  in  Tenneasee,  v,  421. 
Krisuvigite  identical  with  Brocliantita,n,  417. 
Krdyer  on  Gammaracea,  viii,  135. 
Kumptolite,  vi,  446. 
Kunth,  obituary  of,  x,  138. 
Kwne,  supplement  to  Scbknhr's  Carieea, 

by,  noticed,  ii,  301. 
on  some  U.  S.  ferns,  vi,  80. 
Ku^er,  M.  A.  T.,  Annuaire  Magneciqiieol^  i, 

observations  meteorologiqiiea 
Arkangel,i,140. 


Ubradorite,x,253,254. 

Lacustrine  deposits  near  the  great  lakea,  J, 

A.  Lapham,  iii,  90. 
Lagoons  of  Tuscany,  ix,  431. 
Lake  Baikal,  T,  295. 

Erie,  terraces  and  ridgea  bordering  a^ 
z,31. 
Ngami,  disoovery  oC  x,  978. 
Ontano,  phenomena  in,  C  Dtwsy^  ii,  85, 
87. 

relative  level  of^  C.  Demem,  bl 
444. 
Pjrramid,  California,  iii,  901,  vii,  389. 
Superior,  ores  and  minerala  oi;  C.  T. 
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described,  x,  125. 

erratic  phenomena  about,  x,  83. 
mass  of  native  copper  finaa, 
iv,  115. 

columnar  basalt  on,  iv,  118. 
meteorology  of,  and  caaaes  of 
change  of  level,  W.  W.  MaAer,  vi,  1. 
levels  oC,  vi,  19. 
work  on,  by  Agatns,  noliead. 
iz.455. 
Torrens,  South  Australia,  i,  459. 
Great  Salt,  or  Timpanogos,  and  Utah, 
Rocky  Mountains,  iii,  198,  vi,  980,  vii,  381 
Lalande,  star  observed  by,  identical  with 
Neptime,  iv,  133. 
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Lamming,  R,,  purification  of  coal  gat,  x,  193. 

Lament,  jT.,  magnetic  observations  at  Ma- 
nich,  i,  141. 

Lamp,  new  blast,  E.  N.  Honford,  v,  186. 
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L^frwf,  J,  H,,  on  self-re^tration  of  instru- 
ments b^  photography,  iz,  319,  444. 
Legumin,  iii,  3'Z9. 

analysis  of,  v,  26. 
Leibnitz,  two  hundredth  anniversary  of  the 
birth  of,  in  Germany,  ii,  292. 
^  eztraot  from  Protogea  of,  iii,  176. 
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iv,  391. 

different  properties  of  various  rays  of, 
in  photography,  iv,  409,  vii,  272. 
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production  of,  by  chemical  action,  J.  W. 
Draper,  v,  159. 

poy»ical  cause  of  production  of,  v,  170. 

ray  of.  rotated  by  electro-magnetism,  vi, 
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Lithographic  limestone,  vi,  446. 
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historical  notice  of  the  discovery  of  die 
planet  Neptune,  v,  187. 
note  on  ilalley*s  comet,  v,  370. 
on  the   electricity  uf  a  plate  of  ziiie 
buried  in  the  earth,  n,  1. 
on  height  of  lightning  rods,  z,  320. 
electrical  phenomena  of  certain  honaea, 
z,321. 
Loomis,  I.  N.,  on  the  geology  of  Harpeth 

Ridge,  Tenn,,  i,  222. 
Loripes  parilis,  v,  432. 
Louyet,  on  the  nature  of  hydro-fluoric  add, 
v,  408. 
extraction  of  nickel  and  cobalt,  viii,  lli. 


Digiti 


zed  by  Google 


IHDCX,    TOL».   t — ^X. 


445 


Louyef,  pussnn  of  hydrogen  through  volkl 
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Mac  WhorUtr^  A.,  divisibility  of  magnitude, 
yi,  329. 
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Maet  and  ClemandoL,  boracic  acid  in  vitrifi- 
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analysis  of  the  waters  of  tba  Dead  Saa« 
viii,  444. 
Marchantia  disjuncta,  i,  74. 
Margaric  acid,  composition  of,  viii,  870. 
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coal  fossils  of,  ii,  427. 
Masony  E.  P.,  notice  o£y  by  Harachel,  t,  9L 
Masonite,  viii,  272. 
Maasachusetu,  gold  in.  ii,  419. 
trap  tufa  of,  iv,  199. 
ouersin,  vii,  117. 
minerals  o^  vii,  411. 
Mastodon,  fossil  of  a  young,  i,  844. 

of  Newbuig,  N.  Y.,  nouce  of  a  dtelelon 
of,  i,  268. 

(the  "  Missourium,*')  figore  and  charac- 
ters of,  ii,  131. 
food  of,  A.  Oravy  iii,  436. 
giganteum,  x,  57. 
angustidens,  ix,  304. 
Mathematics,  fundamental  truths  of,  5.  Ale»- 

andery  vii,  178,  329. 
Mathematical  problema,  O.  Rooi,  iii,  50. 
Mathery  W.  W.,  on  cupellation,  iii,  409. 

efiects  of  the  earth's  contraction,  iii,  100, 
177,  183. 
meteorology  of  Lake  Superior,  vi,  1. 
disavowal  of  Foster's  geological  chart, 
ix,  444. 
Matter,  magnetic  condition  of,  i,  421. 

molecular  constitution  df,  J.  D.  Dttma, 
iv,382. 
MaUeucciy  on  electro-physiology,  iii.  111. 
Lectures  on  living  beings,  v,  390. 
magnetic  conductility  of  the  earth,  x, 
406. 
Maumittif  test  of  the  presence  of  sugar,  x, 
109. 
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Mavritiot,  Dodo  and  other  aniniahof,  vii,  52. 
Maury f  M.  F.,  Attronoraical  ObMrvationSf 
noticed,  Hi,  150,  278. 
winds  and  currents  of  the  ocean,  vi,  399. 
circular  relating  to  the  Astronomical  Ex- 
pedition to  Chili,  noticed,  viii,  303. 

Notice  to  Mariners,  2d  edition,  noticed, 
X,  149. 
Mechanics,  on  the  relation  of  die  laws  of,  to 

perpetual  motion,  i,  174. 
Medal,  Wollaston,  given  to  W.  Lonsdale,  ii, 
440. 
astronomical,  to  Miss  Mitchell,  vii,  123. 
Medicines  adulterated,  v,  139. 
Mediterranean,  temperature  of,  i,  133. 
Medjidite,  a  new  mineral,  v,  336. 
Meeck,  L,  W.^  sun*s  intensity  at  the  surface 

of  the  earth,  z,  49. 
Meerschaum  of  Asia  Minor,  J.  L.  Smith,  vii, 

285. 
Megalonyx  laoueatus,  tooth  of,  x,  58. 

ongueal  phalanx  of,  x.  59. 
Megatherium,  on  the  alledged  coexistence  of 

man  with,  C.  Lyell,  iii,  267. 
Melanolite,  H.  Wurtz,  x,  80. 
MeUoni,  researches  on  the  radiations  of  in- 
candescent bodies,  and  on  the  elementary 
colors  of  the  spectrum,  v,  i. 
heat  in  moon's  rays,  ii,  256. 
Melonites  muliipora,  rforwood  and  Owen,  ii, 
225. 

G.  Engelmann,  iii,  124, 451. 
MeUens,  new  process  for  extracting  sugar 
from  sugar  cane,  ix,  301. 

on  transparency  of  quicksiWer,  i,  117. 
Melville  on  the  Dodo,  reviewed,  vii,  52. 
Memoir  of  D.  Houghton,  by  B.  Hubbard,  v, 
217. 
of  Walter  Folger,  ix,  313.  ' 
see  Obituary. 
Memorials  of  Bertram  and  Marshall,  ix,  85. 
Mendipite,  analvsis  of,  viii,  127. 
Mercurial  trough,  Louyet,  ii.  265. 
Mercury,  protosalts  of,  how  affected  by  the 
alkalies,  i,  259. 

new  mode  of  estimating,  E.  MilUm,  ii, 
258. 
purification  of,  MiUon,  iii,  426. 
congelation  of,  by  virtue  of  the  sphe- 
roidal state,  iv,  101. 
mines  of,  in  California,  vi,  270. 
ores  of,  in  coal  formations,  vi,  426. 
in  the  Tyrol,  viii,  275. 
native  antimonite  of,  viii,  127. 
Meridian,  measure  of  a  degree  of^  in  Finland, 
iii,  450. 
Prime,  American,  Davits  viii,  394. 
ibid,  J.  Lovering,  ix,  184. 
Mesitine,  viii,  121. 

Metal,  new,  pelopium  and  niobium,  H,  Rote^ 
i,  103,  iii,  357. 

ruthenium,  i,  103. 
ilmenium,  iii,  116. 
Metals,  laws  of  electric  conduction  in,  i,  280. 
silver,  lead,  and  copper,  in  sea-water,  ix, 
421. 
conducting  power  of,  viii,  185. 
Metallic  lustre,  cause  of,  iii,  264. 
reflexion,  O.  O.  StokeSt  z,  391. 
veins,  superposition  of  minerals  in,  W, 
J.  Henwood,  iii,  269. 


Metallnrgieal  industry  of  BohemM,  vi,  146. 
Metallurgy,  ancient  in  Britain,  viii,  96,  258. 
Meteor  appearances,  Antarctic  Ocean,  J.  C 

Rois,  vii,  320. 
Meteors,  see  Shooting  Stam. 
Meteoric  iron  of  Texas,  B.  SiUhnan,  Jr.,  ii, 
370. 

on  three  varieties  of  Tennessee 
and  Kentucky,  Q.  Troont,  ii,  350. 

of  Lockport,  B.  SUtiman,  Jr.,  ii, 
374. 

of  Walker  Co.,  Ala.,  iv,  74. 
of  Scriba,  N.  Y.,  iv,  75. 
of  Babb's  Mill,  Tenn.,  iv,  76. 
of  Burlington,  N.  Y.,  iv,  77. 
of  Hommoney  Creek,  N.  C,  iv, 
79. 

of  Black  Mountain,  N.  C,  iv,  82. 
of  Cocke  Co.,  Tenn.,  iv,  83. 
of  Randolph  Co.,  N.  C,  iv,  85. 
of  Bedford  Co.,  Penn.,  iv,  86. 
of  Ouego  Co.,  N.  Y.,  iv,  85. 
of  Franconia,  N.  H.,  iv,  87. 
of  Murfreesboro',  Tenn.,  v,  351. 
of  SeelHsgen,  in  Brandenburg, 
vi,  426. 

of  Braunau,  v,  285, 338,  vi,  846, 
vu,  171. 

of  South  Carolina,  C  U.  Shep- 
ard,  vii,  449,  x,  127. 

of  Zacatecas,  x,  255. 
Meteorite,  fall  of,  in  Iowa,  iv,  288, 429. 

of  Concord,  N.  H.,  B.  SiliimanJ,  r.,  iv^ 
353. 
of  Richland,  S.  C,  x,  127. 
of  Castihe,  Me.,  C.  U.  Shepard,  vi,  251. 
of  Arkansas,  v,  293,  vi,  297. 
of  Juvenas,  on  Rammelsberg's  analysis 
of;  C.  U.  SkejMtrd,  vi,  346. 
of  Arva,  viii,  439. 
in  North  Carolina,  ix,  143, 
of  Italy,  iii,  141. 
Meteorites  of  the  Vienna  Cabinet,  i,  148. 
report  on,  with  accounts  of  several,  C. 
U.  Shepard,  ii,  377,  iv,  74,  vi,  402,  x,  127. 
minerals  of,  ii.  377. 
chemistry  of,  ii,  386. 
physical  characters  of,  ii,  390. 
summary  of  American,  390. 
Meteorological  Journal,    kept  at  Marietta, 
Ohio,  i,  202  (1845),  iii.  212  (1846),  v,  250 
(1847),  vii,  240  (1848).  ix,  264,  (1849). 
observatory  on  Mt.  Vesuvius,  i,  308. 
observations  in  Western  Asia,  A.  Smith, 
ii,  72. 

at  Natchez,  H.  TooUy,  ii, 
429. 

at  Sandwich  Islands,  E, 
Johnson,  iii,  437. 

at  St  Lonis,  G.  Engdmann, 
ui,  438. 

at  Thibet,  Strachey,  x,  396. 
Society  in  Finland,  iii,  440. 
instruments,  photographic  self-regittier- 
ing,  iii,  428,  ix,  319,  444. 
phenomena  telegraphically  reported,  v. 

Meteorology,  Arago  on  predictions  respect- 
ing the  weather  and  the  moon's  influence, 
ui,  141. 
of  Lake  Superior,  W.  W.  Mather,  vi,  1. 
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MM^orolonr,  BrockUtby'M  Seroenta  of;  no- 
tacml.  VI,  S99. 
Piddingl(nC$  Work  on,  vii,  144. 
Redfield's  labon  in,  y'u,  145,  146. 
J.  P.  Erjjy'a,  report  on,  i,  143. 
introduction  to,  oy  D.  P.  T^^sifoa,  no- 
ticed, viii,  305. 

W.  Rei$$  new  work  00  itormt,  noticed, 
viii,  455. 

cbangea  of  wind,  mean  amount  of  clouds, 
mean  temperature,  dl^c,  viii,  42,  2m. 
arooant  o{  dew,  viii,  220. 
Metis,  on  the  planet,  vi,  140,  279,  43R. 
Mexican  foMils,  found  by  Claussen^  i,  122. 
birdi,  notet  on,  G.  A.  McCain  vii,  1 14. 
races  and  architecture,  character  of,  ii, 
6, 8,  10. 
Mexico,  notice  of  the  soil,  mines,  &c.,  vi, 
376,  427. 
calendar  stone  of,  E.  O.Squier,  vii,  153, 
Af^^,  E.  if.,  preparation  of  hydrobromic 

and  hydriodic  acids  ix,  421. 
Miararyriie  isomorphous  with  Augite,  ix,  429. 
MiaUUy  digestion  of  amylaceous  and  saccha- 
rine substances,  ii,  264. 
on  varieties  uf  chloroform,  ix,  115. 
Mica  in  meteorites,  .C.V,  Shepard^  ii,  380. 
analysis  of,  Lohmeyer,  ii,  4 1 7. 
.  hieroglyphical  from  the  Indian  monnds, 
iv,  145. 
in  Siberia,  vi,  425. 
originating  from  hornblende,  vi,  425. 
aome  species  ot,  B.  SiUimnn^  Jr^  viii,  377. 
phlogopito,  analyses  of,  J.  Crato,  z,  383. 
review  of  species  of,  J.  D.  Dana,  x,  114. 
Micas,  optical  examination  of,  B.  SiUimatiy 
Jr.,  X,  372. 
diathermancy  oU  x,  373. 
Mickdotti,  characteristic  Risopodi  of  the  au 

pracreiaceous  deposits,  i,  149. 
Michigan,  copper  region  of,  ii,  118,  vii,  286, 
viii,  273,  x,  65. 
minerals  of,  ibid,  vi,  269. 
Microroetric  measurements  by  the  micro- 
scope, ix,  27. 
Microscope,  compound,  by  ^.  A,  Spmoer,  v, 

237,  285,  443,  vii,  265,  ix,  23. 
Microscopic  structure  of  shells,  i,  283. 

of  anthracite  coal,  1,407, 
oiganiams,  Barbadoes,  iv,  416. 

in  Sirocco  dust,  iv,  423. 
Middendorf,  notice  of,  iU,  134,  450. 
Migrations  in  the  Pacific  Ocean,  i,  317. 
Milk,  fluorine  in,  x,  413. 
of  the  Camivora,  i,  263. 
of  the  milk  tree,  i,  429. 
mode  of  preserving,  F.  H.  F.  Louis^  vii, 
431. 
MUier,  analvsis  of  wrought  iron,  vii,  276. 
MUiBT,  W.  /f.,  and  J.  Percy,  report  on  crys- 
tals in  staffs,  v,  127. 
MUlon,  £.,  aeierroination  of  mercury,  ii,  258. 
on  the  decomposition  of  nitrite  of  am- 
monia, iv,  269. 
on  urea,  vi,  256. 
on  analysis  of  inoivanic  matter  in  blood, 
and  on  metals  in  this  fluid,  vi,  422. 
Minerels,  American,  C.  T.  Jacluon,  i,  119,  ii, 
118,  vi,  188,  ix,  422,  x,  65,  78, 121. 

T.  S.Hunt,  ii,  30,  viii,103. 

J.  E,  Te§chemacher,  ii, 

119. 


Bfinerals,  Aoieriean,  C.  U,  Sk^pard,  n,ll9M^, 
iv,  278,  vi,  249,  viii,  274. 

J.  L.  LeCoHie^  m,  117, 
173. 

ConneU,  iii,  265. 

B.  SilUman,  Jr^  iii,  407, 
vi,  248,  vii,  411,  viii,  377,  ix,  216,  x,  1 17. 

F.  B.  Hoiigk,  V,  133,  ix, 
287,288,424. 

J.  L.  Swutk,  iv,  336. 

J.  D.  Wkitn^  vi,  969, 
vii,  433,  viii,  272. 

C.ftt^,  Jr.,  vii,  282. 

W.  Fitker,  ix,  83. 

J.  D.  Dana,  ix,  286,  408, 
430,  X,  114, 119,  121,  414. 

M.  Hermann^  x,  408L 

R.  CrouUy,Jr.,  ix,  422, 
X,  77. 

H.  Wurtz,  X,  80. 

F.A^«r,i,121,x,12,10L 

W.  XCruw,  viii,  379,  x, 
117,383. 

O.  J.  Bntsk,  viii,  390,  x, 
121,  370. 

W.H.  Brewer,  i^U5. 

J.D.Darrack,x,l\5. 

C.  HarUhome,  x,  1 17. 
of  Lake  Superior,  ii,  118,  vi,  269,   vn, 

286.  z,  65. 

of  Texas,  Pft.,  C.  U.  Skepard,  vi,  249. 

ibid,  B.  SilUman,  Jr.,  iii,  407. 

in  New  York,  v,  132,  ix,  288,  424. 

of  guano,  E.  F.  Tesrhmacker.  ii,  267. 

of  the  Miaak  and  Ural,  Mmrckiatn,  n, 
119, 120. 

from  the  Azores,  J.  E.  Tesdbonacfter,  iii, 
32. 

of  meteorites,  C.  U.  Sk^Mird,  it,  377. 

of  granular  limestone,  origin  o£,  J.  D. 
Dona,  ii,  88. 

of  the  emery  formaiioa,  J.  L.  5auC&,  ix, 
289,  x,354. 

investigated  by,  Hermann,  ix,  406. 

on  the  superposition  of  certain,  in  aome 
metalliferous  deposits  in  Cornwall  in 
Devon,  W.  J,  Henwood,  iii,  269. 

cauiie  of  irised  colors  of,  vi,  254. 

BUtm  on  Pseudomorphisim  of,  notiead,  vi, 
267. 

and  precioQi  stones  artificially  prodocad, 
i,  430,  li,  41 1,  V,  125, 127,  vii,  427,  viii,  421, 
ix,  120. 

effects  of  fusion  of,  on  specific  gravitv, 
v,258,vi   133.  f~        6-       j» 

rocks,  &r.,  decomposed  by  pure  water 
charged  with  carbonic  add,  v,  401. 

cabinets  of,  for  sale,  i,  309,  vii,  138. 

Markoe's  cabinet  of,  vi,  297. 

MlNK^ALg,  NOTICX8  OF. 

Acadiuliie,  i,  122;  Acetate  of  lime,  zv, 
275;  Aliophane,  vii,  416;  Albite,  viii, 
389  ;  Algerite,  viii,  103  x,  177;  AIlanite,x, 
251 ;  Arooibite,  ii,  416  ;  Antimoniie  of  mer- 
cury, viii,  127 ;  Antimooate  of  lead,  ii,  414 ; 
Anatase,  ii,  416;  Andalusite,  ii,  119;  An- 
deaite,  x,  254 ;  Apatite,  ii,  88;  Apatoid,  ii, 
379;  Aphonite^  x,254;  Arkansite,  ii,  24S^ 
vii,  433,  viii,  274 ;  ArnuKmite,  ii,  4)7;  Ar- 
senical anliraany.  ii,  418 ;  Axinite,  ii,  12S, 
vii,  286;  Aspasiulite,  iii,  429,  v,  384 :  Aik- 
eriastite,  x,  246;  Aventurine,  v,  4ll 
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JlltNSIlALS,  NOTICES  OP. 

Babingtonite,  viii,  275;  Baiarine,  Tiii,  274; 
Bagratkmite,  vi,  267,  viii,  126;  Baryto- 
caldte,  i,  121 ;  Biottte,x,  116, 375 ;  Bismuth 
■ilver,  ii,418 ;  Bitmulh,  telluric,  Tii,  282,  viii, 
127,  X,  78 ;  Bismothio  gold,  iv,  281 ;  Bodea* 
ite,  ii,  415,  viu,  124;  Bollonite,  viii,  391 ; 
Boracite,  amorphous,  iv,  415 ;  Brandiaite, 
-v,  267,  vii,  113 ;  Prookita,  ii,  416,  vii,  433, 
viii,  275;  Brochantite,  ii,  417;  Brongni- 
ardite,  x,  247 ;  Bucbolaiie,  ii,  418^  viii,  387 ; 
Buratite,  iii,  429. 

Caooiene,  v,  421 ;  Calamine,  eleetric,  man- 
ganeaian,  z,  249;  CaJc  Spar,  ii,  417;  Can 
chnite,  i,  119,  vii,  436;  Carbonate  of  cop- 
per and  xinc,  vi,  426 ;  Caator,  iii,  430,  x, 
250 ;  Caupleiite,  x,  245 ;  Ceraroohalite,  vii, 
113;  Ceruaite,  iii,  117;  Chantonnite,  ii, 
381;  Chiolite,  iii,267;  Chladnite,  ii,  381; 
ChioraatrolJte,  vi,  270 ;  Chlorite,  (mica  ?),  x, 
14,  351 ;  CUoritoid,  viii,  123, 272 ;  Chloio- 
phyllite,  iii,  266 ;  Cbondrodite,  u,  88,  ix, 
84 ;  Chrome  ore,  vii,  285 ;  ChryaocoUa,  x, 
73 ;  Cinnabar,  vi,  270 ;  Clingmanite,  viii, 
S83,x,  117;  CobaIt,sulphure^ v,268;  Coal, 
vu.  301, 4iL  437 ;  Cobalt,  oxyd  of.iv,  281 ; 
Colurobite,  i,  267,  v,  422 ;  Copper,  vii,  287, 
X,  65, 255 ;  Copper,  black  oxyd  of;  ii,  118, 
viii,  273,  X,  72 ;  Copper  blende,  viii,  127 ; 
Copper,  pboaphatea  of,  viii,  127 ;  Copper, 
aulphato-chlorid  of,  iv,  415 ;  Coracite,  iii, 
117,  vii,  434;  Cordierite,  v,  381;  Corun- 
deUite,  viu,  380,  x,  117 ;  Cryptolite,  ii,  268 ; 
Cuban,  i,  266 ;  Cupreoua  sujphato-carbon- 
ate  of  lead,  iii,  1 17 ;  Guproplumbite,  ii,  414, 

Damourite,  i,  120,  ii,  119 ;  Danbnrite,  ix,  286 ; 
Diallage,  x,  253 ;  Diamond,  ii,  1 19, 253,  vii, 
243,  viii,  290;  Diaapore,  i.  120;  Digenite, 
ii,  414 ;  DiUnite,  x,  247 ;  Dtphanite,  iv,  277, 
X,  119;  Disterrite,  viii,  123;  Dolomite,  x, 
248 ;  Duirenoysite,  v,  268 :  Dyaclasite,  i, 
267 ;  Dytlttite,  i,  121 ;  Dyalytite,  ii,  380. 

Edelforaite,  viu,  123;  Ehlite,  vii,  113;  Elec- 
tric calamine,  x,  249 ;  Emerald  nickel,  ii, 
407,  vi,  248 ;  Emery,  vii,  283,  x,  354 ;  Era- 
erylite,  vU,  285,  viii,  378,  x,  116 ;  El«olite, 
ii,  252 ;  Enceladite,  ii,  30 ;  Epidote,  viii, 
123;  EpMtilbite,  viii,  123;  Eudnophite, 
x,  246:  Eukolite,  viii,  126 ;  Euphotide,  x, 
252 ;  EophvUite,  viii,  381,  x,  117 ;  Eoxen- 
ite,viii,  126. 

Feldspar,  vii,  113,  x,  252  254 ;  Fibralite,  viii, 
388;  ri8cberite,ii,4l3;  Floor  afMU',ii,  88; 
Fowlerite,  x,  121 ;  Fucbaite,  x,  115. 

Galena,  vi,  271;  Garnet,  ix,84;  Geocronite, 
i,  267 ;  Gibbaite,  vii,  411,  ix,  408 ;  Gilbertr 
ite,  X,  115 ;  Gismondine,  viii,  122;  Glaoco- 
phime,  viii,  123:  Glinkite,  viii,  121 :  Gold, 
u,  UO,  419,  vi,  271, 275,  vii,  125,  262,  291, 
295,  305,  vui,  128,  290,  415,  449.  x,  255; 
Greenaand,  ix,  83 ;  Groppite,  iii,  429 ;  Giian- 
ite,  ii,  268 ;  (^paom,  vi,  384, 389, 390. 

Halloyaita,  v,  268 ;  Uarmotome,  ii,  417,  viii, 
123 ;  Hauyne,  vii,  435 ;  Hauerite,  iv,  108 ; 
Hwnatite,  ii,  268;  Heracheliie,  iii,  429; 
Haulandite,  viu.  122 ;  Howardite,  vi,  253, 
405;  Hornblende,  X,  147,253;  Hiidsonite, 
ix,  228;  Humite,  viii,  123;  Hyalite,  v, 
412;  Hydrophane,  v,  412;  Hydrusilicate, 
of  alumina,  viii,  122 ;  Hyperathene,  x,  147 ; 
Hrpo8clerite,x,250. 


Minerals,  notices  of. 

iberite,  i,  120 ;  Idocraae,  vi,  425,  x,  251 ;  11^ 
menite,  i,  122 ;  Indioniie,  viii,  391 ;  lodolitCi 
u,  380;  lolite,  ii,  418,  iii,  266,  v,  381. 

JacKsoDite  (anhydrous  prehnite),  vi,  269,  x, 
121 ;  Jade,  ii,  267. 

Keilhaoite,  ii,  415;  Kaliphite,  ii,  416)  Kraorite, 
V,  421 ;  Khsuvigite,  ii,  417 ;  Kyrosite,  i,266. 

Lancastente,  ix,216 ;  Lardite,  viii,  121 ;  Lapis 

Lazuli,  vi,  425 ;  Lead,  native,  i,  120 ;  Lepiuo^ 
lite,  X,  116;  Lepolite,  ix,  411;  Levyneji, 
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Malachite,  ii,  120;  Manganese  apar,  ix,  410; 
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417,  X,  115:  >]B^Ii^iIU^  ii,  IJ^^;  Masonite, 
viii,  272 ;  MiH!juijit%  v,  ;i3G  ;  Meerschaum, 
vii,285;  HtlsiniiJiUs  *,  Wtii  M(.adipite,viii, 
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Monazitoid,  viii,  l!i5  ;  ML^urolite,  viii,  385; 
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JNickelons,  ii,  266,  viii,  128,  ix,287;  Nio- 
bite,  viii,  126 ;  Nontrooite,  x,  249 ;  Noaean, 
vii,  435;  Nottollite,  viii,  394. 

Orpiment,  iii,  353 ;  Osmelite,  viii,  123 ;  Onrk- 
ite,u.^l>vii,434,  ix,490. 

Parisite,  ii,  415 ;  Pectolite,  vii,  434,  viii,  123 ; 
Pennite,  iii,  408.  409,  vi,  259,  ix,  217; 
Petakle,  x,  250 ;  Perowakite.  i,  120,  ii,  417 ; 
Phacoliie,  i,  121,  ii,  417;  Phillipsite,  viii, 
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ii,  422,  Pinuzite,  i,  267;  Pinite,  identical 
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Plumbic  ochre,  viii,  420 ;  Pollux,  iii,  430; 
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269,  X,  121 ;  Pyrophyllite,  viii,  122,274,  x, 
!»49;l>yrrhite,ix,423. 

Randanite,  viii,  120 ;  Red  zinc  ore,  ix,  424 ; 
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Samarskite,  v,  422,  vi,  266 ;  Saccharite,  ii, 
415 ;  Schorlomite,  ii,  251,  vii,  433,  ix,  429 ; 
Schreibersiie,  ii,  383,  viii,  440 ;  Scolezite, 
ii,  418;  Serpentine,  x,  S^3;  8hepardite, 
viii,  440;  Sillimanite,ii, 418,  viii, 386;  SU- 
ver,  native,  vii,  287,  305,  x,69;  Smelite, 
T,  268 ;  Sodalite,  vii,  435,  x,  250;  8pathio 
iron,  X,  248;  Specular  iron,  ii,  411;  Sphenei, 
ix,  430 ;  Sphenomite,  ii,  380 ;  Spodiunene, 
z,  119, 264,  370;  Stibliie,  v,  268 ;  Stauio- 
tide,  ii,  418,  x,  121, 414;  Stroganovirite,  ii, 
413 ;  btruvite,  ii,  2^ ;  Stannine,  viii,  127 ; 
Steatite,  viii,  122 ;  Stercorite,  viii,  129 ;  Stel' 
lite,  vii,  434;  Stilbite,  x,  249;  Sulphato- 
chlorid  of  copper,  iv,  415 ;  Sulphur,  iii,  353. 

Talc,  viii,  122,  x,253;  Tautoliie,  iv,  278 1 
Telluric  Bismuth  (Tetrad  ymite),  vii,  282, 
viii,  127,  x,79 ;  Tb)orsauiie,  vii,  114;  Thu« 
lite,  X,  251 ;  Tin,  viii,  291;  Topaz,  i,  121 ; 
V,  420,  viii,  275;  Tritomite,  x,245 ;  Troost- 


ite,  ix,  409;  Tiiraiie,  ii,  415;  Tuiquois,  i, 
266,  ii,  415. 
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see  farther,  Dinornu  or  New  Zealamd, 
Mokr,  Pharmacv  of,  noticed,  viii,  150. 
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on  the  boring  of,  A.  Hancock,  vii,  288. 
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Bloantain,  ftdling  in  of,  at  Timor,  ▼,  423. 
Mountains,  on  the  elevation  of,  J.  D,  Jkaruu 
ii,  353,  355,  iii,  96,  98,  176, 390. 
ibid.  C.  Provost,  ii,  355. 
characters  of  ranges  of,  J.D.Dana,  iii,385. 
objections  to  £.  de  fieaooiont's  theory 
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ibid,  of  Bmton,  see  Boston, 
Natural  Philosophy  for  Schools  by  H.  L, 
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PhiUipt,  R,  new  test  for  manganese,  ii,  259. 
Phillipsite,  identity  of,  with  gismoodme,  viii, 

122. 
Phlogopite,  z,  116,  374,  383. 


Phosphandd,  v^  407. 

Phosphate  of  lime  in  organic  beings,  iii,  261. 
of  lime  in  bones,  viii,  410. 

in  peensand  and  marl,  viii,  422. 
and  pyrophosphate  of  Hme,  viii,  112. 
of  copper,  native,  viii,  127. 
Phosphate  of  magnesia  and  ammonia,  soIii< 

bility  of,  i,  258. 
Phosphorescence  of  the  diamond,  i,  267,  vii^ 

of  potassium,  z,  413. 
distinguished  from  incandesence,  v,  3. 
Phosphorescent  fungus,  iv,  446. 
Phosphoric  acid,  compounds  of,  with  aniline, 
iv,  108. 

separation  of^  H.  Ro$e,  viii, 
181,  ix,  283. 

in  natural  waters,  z,  412. 
Phosphoric  ethen,  Vogdi^e,  ix,  1 13. 
Phosphorite  rock  of  Spain,  i,  277. 
Phosphorus  and  nitrogen,  compounds  o(^  C 
Qerhardt,  iii,  105. 

action  of  perchlorid  of,  on  organic  sub- 
stances, A.  Cahours,  iii,  256. 
Aision  of;  £.  Deeaint,  iii,  423. 
on  new  compounds  of,  v,  116. 
Phosphuret  of  nitrogen,  preparation  of,  ii, 

262. 
Photogenic  paper,  new,  i,  301. 
Photographic  self-registering  meteorological 
and  magneiio  instruments,  iii,  428,  iz,  319, 
444. 
Photo^phy,  improvement  in,  i,  301. 

different  properties  of  various  solar  raya 
in,  iv,  409,  vii,  272. 
on  paper,  process  for,  iv,  141. 
application  to  copying  microscopic  Ob- 
jects, iv,  411. 

on  glass,  vi,  259,  x,  285. 
Phycologta  Britannica,  W.  H,  Harvey,  i,  454, 

viii,  453. 
Physiological  Chemistry,  facts  in,  J.  Liebigt 

iv,  135. 
Physiology,  notice  of  Carpenter's  eleroenU 

of,  ii,  147. 
PuAenng,  C,  Report  on  races  of  men,  no- 
ticed, u,  307. 
Pickering,  J.,  obitnary  notice  of,  ii,  144. 
eulogy  on,  by  Judge  White,  noticed,  iii, 
452. 
Picric  acid,  identity  of,  with  nitrophenisio 

acid,  viii,  108. 
Picrotoxine,  contains  no  nitrogen,  iii,  424. 
Piddingtan,  H.,  Sailora*  Horn  Book,  vii,  144. 

on  a  large  diamond,  ix,  434. 
Pierre,  J.,  on  a  new  compound  from  the 

Dutch  liquid,  v,413. 
Pig  Island,  vii,  317. 
Finite,  ii,  418,  iii,  266. 
Pinus,  divisions  of,  ix,  149. 
Piperine,  on  the  composition  and  metamor- 
phoses of,  X,  260. 
Pipestone  of  the  ancient  races  of  America, 

E.  Q,  Squier,  ii,  287. 
Pipette,  for  gas,  i,  112. 
Ptria,  R.,  on  asparasine,  vi,  420. 
Pistoroesite,  viii,  121. 
Pitchblende,  crystallized^  viii,  126. 
Pitylus  flavo-cinereos,  vii,  1 17. 
Planet  Saturn,  periodic  time  of  satellitM  ofl 
1,449. 
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Planet  Saturn;  eighth  tatelHte  of,  ri,  437,  ▼iiJIPImtiiHnn  in  CaHforam,  tdL  SM»  z,  ISl. 
123.  JAPlattner  on  cryatallized  uTe,  t,  410. 

LaMeira  ohMnration  on,  x,  309.0 Plebdea,  central  group  of  the  uniTea 
lioVerrier*!!  (Neptone),  tee  Neptvne,      ||    ier,  n,  433. 

-    ^^       |r    •    ■ 


•mall,  tiraeftof  dtscovery  of,  s,  906. 
orbits  of,  B.  A,  Qould,  ti,  28. 
on  Others' t  theory  of,  vii,  447. 
Astrsa,  i,  293,  443,  u,434. 
Hebe,  diacovered  bj  Henche,  iv,  S86, 
yi,437. 

Veeia,  iv,  287. 

Iris,  diicovered  bj  J,  R.  Hind,  It,  425. 

Flora,  V,  135. 

orbit  of,  V,  282. 
Iris,  eleroenu  of,  v,  135. 
Metia,  discovery  of,  ri,  140, 278, 438. 
Diana,  vi,  278,  vu,  290. 
Hygeia,  viii,  145, 428. 
KirkwwMTt  analogy  of;  ix,  395,  z,  19, 96. 
prize   for   discovery   of^    awarded    to 
Hencke,  ii,  435. 
Planetary  nebuloai  massea  near  the  aun,  iii, 

444. 
Planorbis  multivolvis,  W.  Case,  iii,  101, 
Plants,  number  of  known  species  eatimated, 
i,  132. 
a  new  genua,  (DarbjraJ  i,  386. 
physical  structure  of,  i).  P.  Chrdemer,  ii; 
48. 

of  Japan  and  United  Statea,  analogy  be- 
tween. li,  135. 

of  New  England,  Oakes*s  herbarium  of, 
viii,  293. 

onaome,  E,  Tudstr- 
MOfi,  vi,  224. 

American  apeoiea  of  Potamogotoo,  vii, 
347. 

ChenopodiacesB  of  New  York,  J,  Carey, 
vii  167. 

new  and  rare,  chiefly  of  the  Caioiinaa, 
M.  A.  Curtis,  vii,  406. 
of  Kergueien'a  laland,  vii,  318. 
of  Antarctic  regions,  viii,  161. 
Geographical  distriboiion  of,  viii,  168. 
of  Santa  Fe,  New  MeKico,v,  133. 
of  different  geological  epochi,  A.  Bromg' 
niort,  vl,  120. 

coal,  of  Tuaealooaa,  C.  XyeB,  and  C,  T. 
F.  Bunbm,  ii,  228. 

of  Richmond,  Va.,  Bvadmry^  iv,  114. 
of  Frostburg,  Md.,  ii,  427. 
relations  of  living,  to  Ndggerathse,  ii, 
«79. 

influenoe  of  light  on  the  growth  of,  R* 
I/mmI,  iii,112. 
hybrid,  S,  Q.  Mortem,  iii,  209. 
influence  of  protoxyd  of  nitfogen  on, 
iii,  425. 
inorganie  anbatancea  of,  v,  125. 
salt  a  poison  to,  vii,  299. 
of  firosh  water  iodine  in,  z,  1 10. 
Plote  glass  making  in  England,  iii,  298w 
Platigonus  eompreaaus,  a  new  aarnnwl,  v, 

103. 
Flaiinom,  ehemioo-dynanical  aetjan  of,  i, 

no. 

in  the  Urals  and  Siberia,  ii,  190. 
apparatus  for  fusing,  R.  Hare,  iv,  44. 
native,  in  North  Caroliaa,  C  U.  JShepA 
ard,  iv,  280. 
in  the  Alps,  vii,  137. 


Pleochroism,  iii,  480. 
Piesieaauraa  roegaeephalot,  iii,  276. 
Plestiodon  antbracinua,  iz,  139. 
Plinian,  a  new  Buneral,  viii,  127. 
Ploiaria  maculate,  iz,  106. 
Ptueker,  en  diaaagnetiam,  vii,  970. 

magnetic  relations  of  crysimls,  viii,  430. 
Plumbic  ochre  in  Mexico,  viii,  420. 
PoiJbrolherinm  Wileoni,  J.  Lad^  v.  976. 
Poisons  detected  by  phyaokigicai  teata,  i« 

962. 
Polarization,  elliptic.  Date,  ui,  262. 

by  reflexiDfi.  PtmdL  hi. 
264. 

new  theory  of,  ChaOis,  iv,  412. 

of  galvanic  light,  C.  O.  Page,  vii,  375. 

of  heat,  Prcvoelaye  and  Dsmuu,  vui,  410. 

of  the  ataaosphere,  D.  BremeUr,  z,  400. 
Polarizing  structure  of  the  eye,  D.  Bretmler, 

z,394. 
Polished,  rock  in  YenBoet,  v,  IHI. 
Polleo-coHedora  of  Canpannla,  v,  4SS. 
Polycistins  of  the  Baihadoes,  iv,4i6. 
Polynesiana.  origin  of,  i,  304. 

cannibalism  o(^  i,  306. 

oosmo^y  of,  i,  306. 

migrationa  of,  i,  317. 
Polythakmia,  aoft  bodiea  of;  foond  foaafl.  ii, 

d^Otiigwt^s  WMk  on,  ootioed,  iv,  452L 
of  South  Carolina,  iv,  453. 
geooaphioal  ^atribvtion  of,  iv,  458. 
Poo2e,  H.  W.,  on  perfect  mnaical  intnnalwo, 

iz,  68, 199. 
Porcelain,  aventorine  ^lam  for,  viii,  4401 
Porter,  inoifanac  oeostitnenta  of,  vii,  108. 
Porter^  J.  Abaction  of  nitric  acid  on  woody 
flbre,  iz,  90. 
ash  analvzed  by,  iz,  90. 
Poeelger  on  broraid  of  carbon,  v,  194. 
Posaession  island,  vM,  317. 
Potamogeion,  Amehean  specioa  of,  £.  Tmek" 

ennan,  vii,  847. 
Potash  aod  aoda  rendered  cavatie,  i,  105. 
ferrate  of,  Fremif,  i,  106. 
separation  of,  Irum  aoda,  i,  110. 
made  from  ffraensand,  H,  Wurtt^  z,  396. 
Potassium,  apecific  beatof,  iZmoair,  viiiy  411. 
phoapnoreecence  of,  z,  418. 
preparation  of  ferrideyanid  of,  iv,  971, 
voltaic  battery  with,  iii,  428.  ^^ 

on  the  decompoeiiioii  of  iodid  of,  x,  957. 
Pbtato  diseaae,  i,  132,  307,  iii,  136. 

J.  P,  Morfonon,  ii,  9B1,  iv,  701 
Potatoea,  analysis  of  the  ash  o^  iz,  90. 
Powdl,  vefraetive  indicea  of  aevanl  iinhatin* 

ees,  z,  392. 
Pkwiee  of  Upper  Califoniia  and  Otogon,  ^ 

247,256,387,389. 
Precipitation  of  various  anbatancea  by  cllu^- 

ooai,  WeppemM,u,MO, 
Prevost,  C,  views  of;  on  the  ekvatioo  ol 
mountains,  ii,  355. 

resolu  of  the  earth*a  contractioa,  iii,  93^ 
178. 
remarks  on  volcanic  action,  iii,  180. 
Priehard,  obituary  notice  of;  vii,  4Si2. 
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PriiM  mtridka,  Dawia  on,  Tiii,  394. 

Lovering  on,  ix,  184. 
Prince  Edwtrd*a  Island,  vii,  317. 
Pringlea  antiscorbutica,  notice  of,  viii,  165. 
Prismatic  analytit  of  flames,  v,  160. 
Prices  of  Belgium  government,  vii,  305. 
Procellam  breviiostris,  6.  N.  Lamrmce,  iii, 

436. 
Procyon  priscus,  ▼,  106. 
Ptoteine  oodies  of  peas,  almonds  and  oata,  by 

J,  P.  Norton^  v,  22. 
analysis  of,  and  researches  on,  vii,  109, 

110. 
Protochcerus  prismaticus,  v,  105. 
Protractor  for  trisecting  angles,  J.  H,  AJex- 

under,  vii,  243. 
PrmO,  H.  A.,  fossil  pala»otherial  bone,  iii,  848. 
iVoHt,  Dr.,  obitoary  of,  x,  138. 
Prowmtaye,  De  La,  on  rotation  of  the  plane 

of  Dolarisat«on  of  heat  by  magnetism,  iz, 

Pruisic  acid,  new  test  for,  J.  Lubig,  iv,  101. 
Pseudoroorphous  crystals  of  qoaris,  i,  430. 
PMudomorphism  of  minerals,  Blum  on,  no- 
ticed, vi,  266. 
Psendotriton  mcntanus,  ix,  139. 
Pterodact  vie  in  Elnglish  chalk,  i,  436. 
Pteropus  Haldemani,  E.  HaUowdl,  ii,  273. 
Punuoli,  subsidence  at,  ii,  269. 
Pulley,  curve  described  by  a  moveable,  viii, 

252. 
Pulses  of  elastic  media,  general  law  of  prop- 
agation of,  E.  W.  Blake,  v,  372. 
Pygorhynchns  Gouldii,  Bwv^  iii,  437. 
Pyranga  roseo-gularia,  iii,  436. 
Pyrenestea  cocoineoa,  vii,  116. 
Pyrites,  magnetic,  in  meteorites,  ii,  383. 
Pyrophyllite  of  Spaa,  viii,  122. 

in  United  States,  viii,  274. 

irom  Wesund,  x,  249. 
Pyroxene,  crystalline  slags  allied  to,  v,  129. 
Pyroxyline,  iii,  259, 295. 

and  analogous  compounds,  iv,  140, 874. 

formula  of,  tm  note,  iv,  141. 
Pyrrhite,  blowpipe  characters  of,  ix,  423. 
J^rala  modesta,  v,  433. 


Qnartx  and  hydrophane  produced  artificially, 
i,261. 
pseudoroorphous  crystals  of,  i,  430. 
origin  of  colors  of,  li,  413. 
crystals  containing  rutile,  firom  Veimoiit, 
F.  AUrer,  x,  12. 
ibid.  O.  P.  HMard,  x,  350. 
Quicksilver,  transparency  of,  i,  117. 
mines  in  Upper  California,  vi,  270. 
in  coal  formation,  vi,  4^. 
Quinic  acid,  chlorinated  products  of  decom- 
position of,  viii,  412. 
Quinoidine,  composition  of,  J.  lAebig,  iv, 
271. 


Racer*s  storm  of  Jamaica,  dec,  in  1837,  i, 
166. 

Radiant  heat,  laws  of,  i,  429. 

Radiate,  alternation  of  generation  in,  analo- 
gous to  reproduction  In  plants,  x,  341. 

Radiation  onncandescent  bodies,  v,  1. 


Radiation  of  heat,  noctuiDal,  Melloni,  vi, 

418. 
Rofineeque,  mounds  of  Kentucky,  viii,  1. 
Railroed  excavations  in  England,  i,  146. 
wood  for,  how  preserved,  i,  301. 
improvement  in  rails  and  wheels  for,  ii, 
439. 
in  Italy,  iii,  148. 
in  Pennsylvania,  vi,  397. 
and  cansl  routes  in  the  Pscific,  report 
on,  by  J.  A.  Rockwell,  notioed,  viii,  457. 
Rain,  acid,  i,  112. 

and  snow  at  St.  Louie,  O.  Engdmamiu 
iii,  438. 
from  a  clear  sky,  vH,  315, 
mean  annual  amount  o(,  viii,  54. 
Rainbows,  supemumermry,  J.  BrocHetby,  it, 

429. 
Rainee,  O.  W.,  mines  of  Mexico,  vi,  427. 
Ralft,  J.,  on  British  Desmidiess,  vi,  302. 
RommeMerg,  C,  on  inorganic  substances  in 
different  parts  of  plants,  v,  125. 
analysis  of  schorlomite,  ix,  429. 
of  margarodite,  x,  1 15. 
of  hyposclerite,  x,  2.^0. 
RandaU,  W,  B.,  salt  a  poison  to  plants,  tB, 

299. 
Randanite,  anew  mineral,  viii,  120. 
Ray  vibrations,  Faraday^  ii,  401. 

J.  D.  Whelpley,  ii,  401. 
Ray  Society,  ii,  441,  in,  296,  vi,  446,  ix,  304, 

X,  149. 
Read,  S.,  on  native  iron  of  Canaan,  Ct.,  v, 

292. 
RedMd,  W.  C,  on  hurricanes  and  northera 
of  the  American  seas,  i,  1, 153, 333,  ii,  162, 

on  the  Lake  hurricane  of  Oct.,  1844,  ii, 
321. 

on  the  deviation  of  a  falling  body  tnm 
a  perpendicular  and  on  the  cause  of  at- 
mospheric currents,  iii,  283, 284. 

marine  shells  in  the  drift  of  Brooklyn,  V. 
110. 
labors  of,  in  meteorology,  vii,  145. 
Redtenbacher,  J.,  common  origin  of  certain 
adds,  iii,  254. 
on  taurine,  viii,  107. 
on  carbothialdine,  viii,  107. 
Reeve^  Lovell,  works  bv,  noticed,  x,  149. 
Refraction  of  waves  of  sound,  iii,  140. 
Refractive  indices  of  several  substances,  x. 

392. 
Resenu  of  the  University  of  New  York, 

Report,  vi,  298. 
Refpstration  of  instruments  by  photography, 

iu,  428,  ix,  319,  444. 
RegnauU,  F.,  on  boilinff  point  of  water  at 
dtfierent  heights,  i,  134. 
specific  heat  of  potassium,  viii,  411. 
atomic  weight  of  salver,  carbon,  potaa- 
jium.  viii,  411. 
Reid,  WwL,  work  on  storms,  noticed,  viii, 
455.  ,         v^        , 

Reich,  O ,  on  detecting  starch  sugar  in  cane 

sugar,  V,  259. 
Relations  between  animals  and  the  elements 

in  which  they  live,  L.  Agaenz,  ix,  369. 
Reproduction  in  the  inferior  animals,  t,  280. 
RepUlea,  two  from  Oregon,  A.  J.  SkiUtm,  vii. 
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Beptile,  diacoveiyof  alarce  fiwiil,  called  the 
Pelorosaunii,  ix,  147,  439. 
new  epecies  of,  S.  F.  Baird,  ix,  137. 
fietpintioo,  amount  of  carbon  expired  in,  ii, 

262. 
Retzhti^  A^  on  the  ethnological  dutribotion 

of  round  and  elongated  crania,  iii,  138. 
Rtynumd,  Du  BoUy  on  the  deflection  of  the 
magnetic  needle  by  the  act  of  Tolitiop,  Tiii, 
404. 

obiervatione   br,   reviewed,   Tiii,  405, 
406. 
Jleynoco,  A.,  mode  of  detecting  bromine  and 

iodine,  iz,  1 14. 
Rhixopodt,  characteristic  of  the  sapracreta< 

cc<»us  deposits,  work  on,  noticed,  i,  149. 
Bhodium,  fusion  oA  12.  iiare,  ii,  365. 

apparatus  for  fusing,  R.  Hare^  iv,  44 
Rhodonite,  ix,  410. 

Rhubarb,  action  of  nitric  acid  on,  x,  S63. 
Rhynchospora  Knieskemii,  J.  Carejf^  iv,  25. 
Richardson,  J.,  knighied,  i,  452. 

death  of,  vi,  2^. 
Eiddell,  J.  X..,  rule  for  involution  and  evolu- 
tion by  logarithms,  vii,  232. 
JUgaudf  S.  P.,  relative  quantities  of  land 

and  water  on  the  earth,  ii,  289. 
Rive.  De  la,  molecular  phenomena  of  the 

voltaic  arc,  iii,  110. 
River,  Sabbatic,  W.  M.  Thomson,  ii,  305. 
Mississippi,  detritot  and  delta  of,  C. 
Lydl,  iii.  34,  1 18. 
Nile,  remarks  on,  C.  T.  Bdce,  iii,  447. 
terraces,  vii,  1,  256,  ix,  86. 
Rivoli  collection  of  birds  at  Philadelphia,  ii, 

296. 
Road  making,  Tf .  CrilUtpi^t  manual  of,  iv, 

148. 
Rocks,  effects  of  fusion  on  density  o(,  v,  858, 
vi,  133,  423. 
decomposition  of,  Ebdman,  viii,  421. 
ibid.  Prof.  Rogers,  vi,  396. 
degradation  o£^  in  Mew  South  Wales, 
ix,289. 

igneous,  origin  and  relatione  ot,  J.  D. 
Dana,  ii,  348. 

of  Europe  and  America,  parallelism  of, 
V,  176,  369,  vii,  45,  218. 
of  South  Carolina,  viii,  62. 
of  Upper  California,  vii,  247. 
on  the  roineralogical  and  chemical  com- 
position of  some,  Delesse,  x,  252. 
slide  of,  in  South  Carolina,  vi,  443. 
Rockwell,  J.  A^  report  by,  on  Railroad  and 
Canal  routes  between  the  Atlantic  and 
Pacific,  vui,  457. 
Rocky  Mountains,  origin  of,  iii,  98. 

observations  on^eology,  height, 
hot  springs,  &c.,  J.  C,  I^emont,  iii,  192, 
273,  450,  vi,  280. 

ibid.  J.  W.  Abert,  iii,  301.  vi,  376, 
ibid.  W.  H.  Emory,  vi,  386. 
ascent  of  Wind  nver  chain,  by 
J.  C.  Fremont,  iii,  193. 

section  of,  J,  C.  Fremont,  iii, 
196. 

ibid.  W.  H.  Emory,  vi,  386. 
sections  and  characters  of,  J.  D. 
Dana,  vii,  376. 
Roberts,  S.  W.,  Topography  of  Pennsylvania 
and  Ohio,  by,  noticed,  vi,  397. 


Rogers,  H.  D^  floor  spar  m  comal  eoal,  B, 
124. 

and  W.  B,  on  the  geological  age  of  the 
White  Mountains,  i,  41 1. 
Rogers,  W,B.,  and  12.  £.,  on  a  new  mode  ef 
obtaining  pore  chlorine,  i,  428. 

new  process  for 
formic  add  and  on  the  prejparatioo  of  alde- 
hyde and  acetic  acid,  ii,  18. 

on  the  abaorptioo 
of  carbonic  acid  by  liquids,  t,  114.  vi,  96l 
new    method    of 
determining  the   carbon  in  graphite,  t, 
352. 

en  tbe  deoompoei- 
tion  of  minerals,  rocks,  Slc^  by  pore  and 
carbonated  water,  v,  401. 

oxydatioo  of  the 
diamond  in  the  liquid  way,  vi,  110. 

decomposition  of 
rocks  by  meteoric  watera  ana  action  of 
mineral  acids  on  foldspar,  vi,  396. 
Rogers,  R  E.  and  J.  B.,  on  the  alleged  in- 
solubility  of  copper  in  hydrochloric  acid 
and  on  rochs's  method  of  anal  y zing  iron 
ores,  vi,  395. 
Rogers,  W.  B^  reaiarks  on  gypsum,  t,  113L 
on  the  transporting  power  of  corieots,  t, 
115. 
on  acid  and  alkaline  springs,  iz,  123. 
Roman  coins  found  in  France,  ii,  141. 
Rdmer,  F.,  on  the  geology  of  Texas,  ii,  356, 

vi,  21. 
Root,  O.,  solution  of  a  mathematical  problem, 

iii,  50. 
Rose,  O.,  identity  of  castor  with  peialita,  z, 

250. 
Rose,  HI,  new  metals  obeerved  by,  i,  103, 
iii,  357. 

on  the  acid  in  the  North  American  oo- 
lombite,  iv,  408. 

on  separation  of  cobalt  and  ni^oL  t, 
411. 
separation  of  pboephoric  add,  viii,  181, 

Ross,  J.  C,  statements  of;  in  reference  to 
Wilkes's  Antarctic  explorationa,  oorrectad, 
v,  287,  vii,  321. 

Voyage.of;  to  Antarctic,  reviewed,  vii, 
313,  viii,  14. 
Rosse*s  telescope,  vi,  139. 
Rotation,   Kirkwood's  analogy   of,   in   the 

periods  of  planets,  ix,  395,  z,  19,  26. 
Rowdl,  G.  R.,  beneficent  distribution  of  the 

sense  of  pain,  vi,  89. 
Royal  Sodety,  historical  remark  relating  to, 
iv,256. 

anniversary  ot,  ix,  20i. 
Rucu-Pichincha,  exploration  of  the  volcano 

of,  iv,  417. 
Rue,  W.  dela,  on  the  Navicula  Spencerii, 

vii,  265,  ix,  23. 
Ruffin,  £.,  fossil  nut  in  the  Eocene,  ix,  187. 
Rums  of  Nineveh,  v,  141, 297,  ix,  447. 
Russia,  diamonds,  gold,  platina  and  minerals 
of  Urals,  ii,  119,  120. 
review  of  geology  o{,  iii,  153. 
cultivation  of  cereal  grains  in,  iii,  288. 
geolo^  of  the  Petschora  Land,  by  Commt 
Keyserhng,  noticed,  iv,  419. 
yield  of  gold  in  1846,  vi,275. 
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Ruthenium,  test  fbr,  ii,  111. 

atomic  wei^t  of,  ix,  422. 
Ruikerford,  L.  M^  obaenrations  during  the 
lonar  eclipee  of  September,  1848,  vi,  435. 
Rutile  in  anertx,  F,  Alger^  z,  12. 

and  chlorite  in  quartz,  O.  P.  Hubbard^  z, 
350. 
trimorphiam  of^  ii,  416. 

S. 

SatdmuUery  acids  of  castor  oil,  viii,  106. 

on  margaritinic  acid,  viii,  263. 
Sabbatic  river,  account  of;  W,  M.  7%O0i«m, 

ii,  305. 
Sacc,  on  the  functions  of  pectic  acid,  iz,  20. 
Saccharine  substances,  digestion  of,  ii,  264. 
Secharite,  a  new  mineral,  ii,  415. 
Sacramento  region,  vii,  256,  261,  305. 

Bute,  vii,  259. 
Sailor's  Horn  Book  for  Storms,  by  H,  Pid- 

dingUmy  noticed,  vii,  144. 
Saint  HUatre^  A.  de^  on  the  Minhoc&o,  iv,  130. 
Saint  Paul's  Rocks,  vii,  315. 
Salamanders,  four  new  species  of,  iz,  137. 
Salamandra  granulosa,  vii,  202. 
Salicylic  ether,  iz,  279. 
Saline  on  the  Kiskiminetas  river,  bittern  of, 
M.  H.  Boyd,  vii,  74. 
incrustations,  Upper  California,  vii,  248, 
of  Rocky  Mountains,  vii,  382, 
Saliaburjff  J.  ff.,  on  maize,  noticed,  viii,  307. 
Saliva,  human,  analysis  of  ashes  of,  i,  107. 
sulpho-cyanogen  in,  M,  Pet- 
tenkofer,  ii,  263. 

diastase  in,  ii,  264. 
Salt,  amount  of,  in  seas,  vi,  148. 
Salt  lakes  of  Cape  Breton,  i,  278. 

Lake,  Rocky  Mountains,  or  Lake  Tim 
panogos,  iii,  198. 

of  Upper  California,  vi,  280,  388. 
of  New  Mezico,  vi,  390. 
and  saline  springs  in  Koordistan,  iii,  353. 

in  Algeria,  iii,  432. 
a  poison  to  plants,  vii,  299. 
Salt  radical  theory  of  Liebig  discussed,  i,  82, 

377. 
Salts  precipitated  by  animal  charcoal,  Wep- 
jwM,ii,260. 
researches  on,  C.  Gerliardt,  vi,  337. 
Samarskite,  new  mineral,  vi,  266. 
Sandstone  of  Bristol,  Ct.,  containing  fossil 
trees,  iv,  116. 
tubes  in  Alabama,  A.  Bigdow,  it,  421 
Santalaces,  a  new  genus  of,  described,  i, 

386. 
Sapinus,  new  genus  of  pines,  iz,  148. 
Sapphirina,  eyes  of,  J.  D.  Dana,  iz,  133. 
Satellite  of  Neptune,  iv,  287,  v,  135,  282. 

eighth  of  Saturn,  vi,  437,  vii,  122. 
Saturn,  see  Planet. 
SautturtjT.  de,  death  of,  ii,  145. 
Savage,  T,  5.,  on  Troglodytes  gorilla,  viii, 

Say,  T.,  Researches  in  Entomology,  i,  20. 

monument  to,  iii,  298. 
Scandinavia,  palsozoic  deposits  of,  i,  271. 

on  erratic  blocks  and  elevations  of,  M. 
Detor,  iii,  313. 
Scandinavia,  primitive  race  of,  iii,  317. 
Schaefer,  O,  C.,  on  perchromic  acid,  v,  124. 


Schaefer,  Q,  C,  on  the  nianufactiire  of  ic«, 
vi,m 

Chemical  abstracts,  iii,  106, 255, 423,  iv, 

107, 269,  V,  184.  262, 413,  vi,  256,  420,  vii, 

281, 431, viii,  109, 269, 412,  iz,  114,279,418, 

z,  112, 261. 

Scha/Hittl,  analysis  of  Margarodite,  z,  115. 

Scheerer,  discoveries  in  isomorphism,  ii,  115, 

V,  381,  vi,  57, 189. 
Schizopodous  Crustacea,  J.  D.  Dana^  iz,  129. 
Schtieper,  A.,  on  decomjposition  of  gelatine 
by  chromic  add,  v,  118. 
ozydation  of  uric  acid,  vi,  363. 
action  of  nitric  acid  on  sebacic,  vii,  420. 
analysis  of  manganese  spar,  iz,  410. 
Schneider,  R,,  analysis  of  Wolfram,  z,  254. 
Sckomburgk.  R,  H.,  on  tba  Barbadoea,  iv, 

416. 
SchdiAein,  C,  F.,  ozone,  ii,  103,  iv,  320. 
patent  of,  for  gun-cotton,  iv,  138. 
on  the  discovery  of  gun-optton,  iv,  440. 
on  the  decomposition  of  iodid  of  potas- 
sium, z,  257. 
Schorlomite,  a  new  mineral,  11, 251. 

ezamination  of,  J.  D.  Whitney,  vii,  433. 
analysis  of,  R,  Crouley,  iz,  429. 
Schreibersite,  u,  383,  viii,  HO, 
Schrdder,  M.  S.,  on  boiling  points  and  con- 
stitution of  organic  substances,  i,  115. 
SchrHter^  Bessel  assistant  to,  iv,  307. 
Schrdtter,  on  phosphorus,  vii,  11 1, 
Sckwnk,  E.,  on  coloring  matters,  vii,  275. 
use  of  tin  plate  scrap  in  the  manufacture 
of  iron,  iz,  279. 
Schwarz,  H.,  estimation  of  nitrous  acid,  iz, 

114. 
Schweitzer,  E.  O.,  test  for  nitric  add,  i,  108. 

on  stibethyle,  z,  263. 
Schweizer's  Comet,  August,  1847,  iv,  426, 

v,135. 
Scink,  new  species  of;  iz,  137. 
Scqfem,  sugar  produce  of  Spain,  z,  409. 
Scolecite,  formula  of,  ii,  418. 
Scoresbif,  on  developing  the  magnetie  condi- 
tion, iii,  114. 
on  Atlantic  wavea,  z,  386. 
Scoria  of  Kilauea,  analysis  of;  ii,  273. 
Scotland,  terraces  of;  vii,  7. 
Sea,  Dead,  see  Dead, 
Sea«elephant,  a  gigantic  seal,  vii,  317. 
Sea  margins,  ancient,  R,  Chambers,  iv,  323, 

vii,  1,  vui,  33. 
Sea  shore  and  coast  formations,  peculiaritiea 

of,  vu,  12,  viii,  86. 
Sea-Side  Book,  by  Dr.  W.  H.  Harvey,  no- 
ticed, viii,  453. 
Sea-water,  see  Water. 
8ea-weed  of  the  Falklands,  viii,  170. 
Sebacic  acid,  action  of  nitric  acid  on,  A, 

SchUeper,  vii,  420. 
Secchi,  A.,  curve  described  by  a  moveable 

pulley,  viii,  252. 
Seebeck,  F.  W.  A.,  obituary  of;  viii,  45a 
Selenaldine,  v,  123. 
Selenium,  vi,  254. 

Senarmont,  H,  de,  on  conductility  of  heat,  v, 
414. 
on  the  formation  of  minerals,  viii,  421. 
Serapis,  Babbage  on,  noticed,  vi,  152. 
Serpentine,  analysis  of,  Scheertr,  v,  387. 
Serpentine,  z,  253. 
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iSfrrcf  on  tiM  ii«ffo  neM«fOri«atel  Africa, 

x,«76. 
Shark,  foMiI  jaw  of,  i,  S80. 
Shark,  fottil  vertabre  of.  i,  286. 
Shark!  teeth  of  Uaiied  StatM,  R,  W.  Oitbef 

on,  vii,  441. 
Sharpe,  /).,  on  slaty  elea^e,  ui,  430,  it,  110. 
ShaitT  Peak  and  mountains,  vii,  34V. 
Shea  butter,  compoeition  of,  ix,  116. 
Sheila,  microeoopic  •tmcture  otl^i,883. 

of  the  eocene  deacribed,  T.  A,  Comradf 
i,  209  395. 

of  the  miooena  and  living,  T.  A.  CoHrad^ 
L  404. 

fieehwater,  of  Rockbridge  Co.,  Va.,  T. 
A.  Conrad,  i,  405. 

of  Tampa  Bay,  Catalogue  of,  T.  A.  C<m- 
nui,  11,399. 

recent,  of  EaiC  Florida  ooatt,  T.  A.  Can- 
rod,  ii,  369. 
fueail,  from  Columbia  river,  v,  432. 

from  Australia,  J.  />.  Jkuut,  iv, 
151  v,  433. 

Helix  annolata  and  Planorbis  multivol- 
▼is,  fV.  Case.  iii.  101,276. 

on  an  Aigonauta  fractured  and  repaired, 
C.  B.  Adami,  vi,  137. 

of  Connecticut,  collected  by  J.  H,  Lin»- 
ley,  vi,  233. 
boring  of,  ii,  276,  vii,  288. 
Shell  cameos,  v,  287. 
Hhepardf  C.  (/.,  new  minerals  from  Arkansas, 
ii,24y. 

Report  on  meteorites,  ii,  377,  iv,  74,  vi, 
402,  X,  127.  ^ 

diamond  fh>m  North  Carolina,  ii,  253. 
fall  of  meteoric  stones  in  Iowa,  iv,  288. 
notices  of  Tautolite,  Arkansita.  nativel 
platinum  in  North  Carolina,  iv,  278. 

new  minerals  from  lAUcaster  Co.,  Pa., 
vi,  '-M9. 
meteorite  of  Castine,  Maine,  vi,  251, 
on  HammeUberK's  analysis  of  the  Juve- 
nas  meteorite,  vi,  346. 

on  FiKcher's  examination  of  the  Braonau 

meteorite,  vi,  348. 

meteoric  iron  in  South  Carolina,  vii,  449. 

locahiies  of  minerals  in  North  Carolina, 

Waveiiite  in  Georgia,  and  Babingtonite 

in  Maasachusetu,  vui,  275. 

Shepardite,  viii,  440. 

Shepherd,  t\  nuus  of  native  copper,  Lake 

buperior,  iv,  115. 

on  dnl\  furrows,  scratches,  dtc,  Lakej 
Superior,  iv,  282. 
on  the  habits  of  an  insect,  iv,  423. 
Shooting  stars  of  Aug.  10,  and  Nov.  13, 1845, 
jE.  C.  Herrick,  i,  86. 
of  Augus^  1846,  £.  C.  Herrick,  iii,  125. 
of  November,  1846,  £.  C.  Ber- 
ridr,  iii,  126. 

of  August,  1847,  £.  C.  tierrick, 
vi,278. 

of  August,  1848,  E.  C.  Herrick, 
vi,279. 

seen  m  France, 
▼1,439. 

of  April  and  August,  1849,  viii, 
429. 
Sbortrada'a  iMarithmie  teblaa,  anon  in,  ▼, 
400. 


Siberia,  expeditioii  to,  i,  307. 
gold  and  Platraa  of,  ii,  120. 
cultivation  of  oeraal  graina  in,  iii.  288  _ 
Siberian  explorations   by  JliddMidorfl;  !■» 
134,  450. 
mammoth,  iv,  13. 
Sidereal  Messenger,  notice  of;  ii,  442L 
Sienites,  crystalUxation  of;  J.  />.  Damm,  ii,  35L 
Sierra  Nevada,  California,  vi,  280,  vii,  380. 
Siffillaria  and  Stigmaria.  H,  ^79. 
Silesia,  origin  of  coal  of,  Odppert,  iii,  119. 
Silica,  Kopp,  on,  iii,  261. 

remarks  on,  Dovert,  v,  124. 
native  hydrated,  viii,  120. 
atomic  weight  of;  H.  Kopp,  ix,  t84 
Silicates  and  borates,  genenl  foforalas  for, 
V,  405. 
in  blood  of  fowls,  ▼,  190. 
new  mode  of  decomposing,  H.  Wwriz^ 
x,323. 
Siliceous  shells  of  infbsoria  in  goaDOi,  i,  441; 

452. 
SHUman,  B^  Jr.,  oonpoation  of  cakaraooa 
corals,  i,  189. 
analyses  of  some  natural  watara,  H,  21S. 
Texas  and  Lockport  meteoric  iroB,  ii, 
870. 

hydrate  of  nickel  (emerald  ni^elX  ■»- 
tive,  iii,  407,  vi,  248. 
fossil  trees  of  Bristol,  Coon.,  iv,  116. 
meteoric  stone  of  Concord,  N.  H^  i^t 
353. 
on  chloroform,  ▼,  240. 
on  Gibbsite  and  Allopbane,  ▼ii,  411. 
analyses  of  American  minerals,  ▼iii,  377. 
description  of  Lancasterita,  ix,  216. 
analysis  of  Emery  lite,  x,  117. 
Professor  in  Yale,  iii,  451. 
First  Principles  of  Chemistry  of;  nociead, 
iii,  144. 
optical  examination  of  micaa,  x,  372. 
diathermancy  of  micas,  x,  37^ 
Sillimanita,  idenuty  of,  with  libiQUttt,  kyaD- 

ite,  bocholxite,  viii,  386. 
Silurian  clasi^caiion,  rcmarka  am,   JL  L 
AfttrdUson,  iii,  404. 
System  in  Mexico,  vi,  379,  380. 
Silver,  atomic  weight  of,  Repmdt,  ▼ni,  411. 
iridencent,  formed  by  the  galvanic  «»- 
cuit,  i,  112. 
bismuth,  ii,  418. 

estimation  of;  whan  mareory  is  praaaat, 
iu,255. 
native,  of  Norway,  vii,  306. 

of  Lake  Superior,  vii,  286,  x,  681 
of  Chili  with  native  copper,  x,  255. 
ores,  reduction  of;  in  Maxioo,  G.   W, 
Rotnet,  vi,427. 
mines  of  Chihuahua,  vi,  384. 
solubility  of  chlorid  of,  ▼iii,  ill. 
reduction  of  the  chlorid  of;  ix,  418L 
SiWering  glass  by  gon-oottoo,  viii,  117. 
Simp§on,  Sir  Otorge,  on  Lake  Baikal,  ▼,  995w 
Siphonotrele,  new  genera  of,  vii,  457. 
Sirocco  dust,  mieroacopic  aniiBials  in,  Ekrmh 

berg,  iv,  423. 
Sjdgrm,  analyses  of  minerals,  x,  245, 849. 
bkiJum,  A.  J.,  two  Oregon  reptilaa,  vii,  202. 
SkiMner,  T.  5.,  the  Plough,  the  Looaa,  and 

the  AnvU,  by,  noticed,  ix,  309. 
Skmmm',  P.«  latter  oo  frpson  fish,  x,  131. 
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Skollt  of  Indiini,  how  flattened,  iS.  O.  Mcf^ 
ton,  ii,  16. 
vertebrate  ttructare  of,  R,  Oiom,  iii,  123. 
Slags  from  iron  furnaces,  report  on,  ▼#  1^* 
Slaty  cleavage  in  Nortti  Walea,  G.  Sharve^ 

iii,  430,  IT,  110. 
Slhamer,  B.,  sugar  in  the  flowers  of  the  Rho- 
dodendron ponticum,  x,  113. 
Slide  of  a  rock  in  South  Carolina,  vi,  443, 
Slopes,  talus,  angle  of,  vi,  133. 
Smelite,  a  new  mineral,  ▼.  266. 
Smelting  of  copper  ores  by  a  new  procest, 

Vj260. 
Smith,  Arthur,  on  the  hydrates  of  nitric  acid, 

T,263. 
Smith,  Azariah,  thermometrical  observations 
in  Western  Asia,  ii,  72. 
notice  of  Nineveh,  v,  141,  297. 
Smith,  H.  L..  Natural  Philosophy  tot  the  use 

of  Schools,  by,  noticed,  iv,  302. 
Smith,  J.  L.,  on  the  blast  furnace,  i,  17u. 
freezing  water  by  the  ai»pump  without 
the  aid  ofsulphuric  acid,  i,  265. 
on  the  manufacture  of  iron,  ii,  95. 
in  Ihirkey,  iv,  449. 
on  the  annular  eclipse  of  the  sun,  Oct, 
1847,  V,  283. 

on  two  new  minerals,  Medjidite  and  Lie- 
bigite,v,  336. 

emery  formation  of  Asia  Minor,  vii,  283, 
IX,  289,1,354. 

chrome  iron  and  meerachaum  of  Asia 
Minor,  vii,  285. 
Smith,  R.,  analysis  of  ammonia  and  cyano- 
gen compounds,  ii,  112. 
Smith,  R.  A.,  on  the  air  and  water  of  towns, 

vii,  279,  X,  411. 
SmiUt,  extraction  of  mannite  from  the  dan- 
delion, ix,  285. 
Smithsonian  Institution,  ii,  440,  iii,  132, 284, 

vi,  288-  305,  viii.  158,  306,  ix,  312. 
Sfnyth,  T.,  work  on  the  Unity  of  the  Human 

liBces,  noticed,  x,  143. 
Smyth,  on  Cometory  physics,  x,  399. 
Snails,  boring  power  of,  W,  C.  TVevelyan,  ii, 

276. 
Snake,  glass,  muscles  in,  W.  M.  Carpenter, 

u,89. 
Snetl,  O.  S.,  on  thesphere  and  least  circum- 
scribed cone,  V,  227. 
Snow,  cylindrical  masses,  of  Orkney,  iv, 
292. 

exemplifying  a  law  of  cohesive  attrac- 
tion, V,  100. 
Soap  tree,  butyric  acid  from,  ix,  116. 
Society,  Natural  History  of  Concord,  ii,  441. 
Kav,  iii,  296,  vi,  446,  ix,  304. 
of  Naturalists  at  Trieste,  iii,  451. 
Boston,  of  Natural  History,  see  Boston. 
of  Arts,  lYansactions  of,  ix,  457. 
Royal,  of  London,  anniversary  of,  no- 
ticed, ix,  304. 
see  also  Lyceum  and  Academy. 
Soda,  quantitative  determination  of,  and  sep- 
aration from  potash,  i,  110. 

action  of  caustic,  on  a  stoneware  jar,  iv, 

105. 

Sodalite,  vii,  435,  x,  250. 

Soils,  nitrification  and  fertilization   of,  F, 

Kuhlmann,iY,  107. 
Solar  rays,  pheoomenao^  iS.  C.  Letdom,  i,  28. 


Solar  parallax,  expedition  to  South  Ameriea 
to  observe  Venus  with  reference  to,  vi, 
143,  viu,  303. 
Solar  spectrum,  elementary  colors  of,  v,  1. 
Solen  curtus,  v,  433. 
Solitaire,  bird,  of  Mauritius,  vii,  62. 
Solubility  of  gypsum.  Anthm,  ii,  114. 

of  floor  spar,  O.  WiUon,  ii,  114,  x,  413. 
Solution,  limit  of  sub-division  by,  v,  48. 
Sordj  fabrication  of  zinc  compounds  not  in- 
jurious to  health,  x,  276. 
Soubeiran,  on  varieties  of  chloroform,  ix,  115. 

on  sugara  of  hone^,  x,  113. 
Sound  from  the  vibrauon  of  soft  iron,  i,  426. 
Soundings,  collection  of  specimens  from,  v, 
318. 
near  St  Paul's  rocks  vii,  315. 
in  Atlantic,  J.  C.  Rom,  vii.  316. 
on  the  Aguilas  bank,  vii,  316. 
in  Antarctic  regions,  vii,  326. 
Southern  Journal  of  Medicine,  i,  312. 
South  Carolina,  Tuomey^i  geological  report 
on,  reviewed,  viii,  61. 
F.  S.  Holmet,  on  geology  of,  vii,  187. 
meteoric  iron  in,  vii,  449. 
Spathic  iron,  from  near  zinc  mines  of  Alten- 
berg,  analysis  of,  x,  248. 


berg, 
Specint 


Specific  gravity,  water  at  maximum  density 
for  determining,  iii,  427. 

Spectra  of  various  flames,  v,  166. 

Specular  iron  artificially  produced,  i,  430,  ii, 
411. 

Spencer,  C.  A.,  compound  achromatie  mi' 
croscope  by,  v,  237, 285,  443,  vii,  265. 

Spencer,  J.  A.,  travehi  in  the  Holy  Land,  no- 
ticed, ix,  456. 

Sphagnum,  species  of,  i,  72. 

Spbene,  large  crystals  of,  Vaux,  ix,  430. 

Sphenomite,  a  neW  meteoric  mineral,  ii.  380. 

Sphere  and  least  circumscribing  oone,  £.  S. 
SneU,  V,  227. 

Spherical  geometry  and  trigonometry,  of  A, 
D.  ^Stanley,  noticed,  vii,  150. 

Spheroidal  state,  congelation  of  mercury  by, 
iv,  101. 

of  water,  motive  power  from  using, 
vii,  304. 

of  bodies,  incombustible  man,  etc., 
viii,  431. 

Spinellane  or  nosean,  vii,  435. 

Spirula,  animal  of,  i,131. 

Spitzberg,  temperature  of  sea  of,  near  ice- 
bergs, vi,  143. 

Spodumene,  from  a  new  locality  at  Norwich, 
Mass.,!,  119,  264. 

isomorphism  of,  with  pyroxene,  J.  D. 
Dana,  x,  119. 
analyses  of,  O.  J.  Brush,  x,  370. 

Spondylosaurus,  i,  440. 

tnge,  observations  on,  by  Laurent,  vi. 


^'^" 


freshwater,  of  the  Island  of  Bombay,  x, 
301. 
remarks  on,  J.  D.  Dana^  ii,  194. 
Spra^e,  /.,  genera  of  plants,  by,  noticed, 

viii,  452. 
Spratt,  Fatma  of  .£gean,  vii,  300. 
Springs,  mineral,  arsenic  in,  iii,  260,  vi,  428« 
metals  in,  v,  120. 
beer  and  thermal,  of  Rocky  Mountains, 
iii,  198,  450. 
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Sprinei,  mineral,  of  California,  iii,  900,  tI, 
389,  vn,  250. 
■ulpbur,  in  New  Mexico,  vi,  389,  390.  [ 

in  Florida,  ii,  46. 
hot  solphnr,  in  Koordittan,  iii,  349. 
saline,  in  Koordittan,  iii,  2B3. 
acid,  vii,  175,  viii,  364,  ix,  123,  449. 
Squier,  E.  G.,  Indian  moundi  and  relics,  ii, 
284,  iii,  237. 

Indian  discoidal  stones,  ii,  216,  287. 

pipestone  of  the  moonds,  ii,  287 
nisroKlyphical    mica   from   the 
mounds,  iv,  145. 
on  the  Mexican  Calendar  Stone,  vii,  153. 
ancient  monuments  of  Kentucky,  viii,  1. 
work  on  Indian  mounds,  published  un- 
der the  Smithsonian  Institution,  noticed, 
iv,  438. 
St.  Petersbnrg,  transactions  of  Mineralogical 

Society  of,  vii,  457. 
St.  l^uis  limestone,  O.  Engebnann^  iii,  119. 
StadtmuUer^  X..,  analysis  of  NuttalUte,  yiii, 

394. 
Stadeler,  G.,  chlorinated  products  of  decom- 
position of  quinic  acid,  viii,  412. 
action  of  chlorine  on  lactic  acid,  x,  258. 
Stake's  electric  light,  vii,  450. 
Stanley,  A.  i>.,  on  the  variation  of  a  differ 
ential  coefficient  of  a  function  of  any  num- 
ber of  variables,  iii,  415. 
Logarithms  of,  noticed,  v,  145. 
errors  in  different  mathematical  tables, 
v,  398. 

Elementary   Spherical   Geometry  and 
Trigonometry  of,  noticed,  vii,  150. 
Stannine,  a  new  mineral,  viii,  127. 
Siaurotide,  analysis  of,  ii,  418. 

isoroorphous  with  Andalusite  and  Topaz, 
J.  D.  Dona,  x,  121. 
a  supposed,  x,  121,  414. 
Star  Antares,  ii,  280,  434. 

Alcyone,  centre  of  universe,  ii,  434. 
pntjected  on  the  dark  limb  of  moon, 
owing  to  diffraction,  ii,  433. 

merouir  on  colors  of,  by  P.  B.  Sestini, 
noticed,  iii,  281. 

double,    physical    connection    of,    not 
proved  by  theory  of  probabilities,  x,  398. 
supposed  new,  vi,  140. 
shooting,  see  Shooting  Stan, 
Star-charts,  Ecliptic,  vii,  290. 
Statistics  of  iron  trade  in  Great  Britain,  iii, 
291. 
of  plate  glass  making  in  England,  iii,  293. 
of  Life  in  the  several  professions,  iii,  297, 
of  mines  in  Belgium,  iii,  293. 
of  deaths  among  children,  iii,  297. 
Steam,  decomposition  of  mineral  substances 
and  salu,  by,  vi,  260. 
Navigation,  Atlantic,  iii,  141. 
Stearic  acid,  composition  of,  viii,  270. 
Steatite,  analysis  of,  viii,  122. 
Steel,  amalgamation  of,  to  prepare  for  fire 
gilding,  Bother,  ii,  266. 

native  ana  nickeliferous,  in  meteorites, 
ii,  aS3. 
Stelliie,vii,434. 

Stenhouse^  J.,  on  chloropicrine,  vii,  429. 
analysis  of  mannite,  ix,  285. 
production  of  oi]^ic  bases  from  vege- 
table substances,  ix,  420. 


Steroorite  in  guano,  viii,  129. 
Sterna  cantiaca,  Cabot,  vi,  136. 
Stettner,  J.,  on  manna,  vii,  112. 
Stevetbf,  on  the  projection  of  a  atar  oo  die 
dark  limb  of  the  moon,  ii,  433. 

on  the  occasional  distinct  Tiaion  of  re- 
volving colored  sectors,  x,  401. 
Stevenfon^  T.,  force  of  waves,  ii,  139. 
Stibethyle,  x,  263. 
Siiblite,  a  new  mineral,  v,  268. 
Stinnaria,  the  roots  of  Sigillaria,  i,  435. 
Stilbite,  composition  of,  viii,  123,  x,  249. 
Stoastoma,,  genus   of  shells,    Adama,   ix, 

133. 
Stoddard,  O.  iV.,  new  mode  of  aiaalgainatinf 
zinc,  vii,  431. 
a  magneto-tangential  machine,  vii,  432. 
Stoket,  O.  G.,  on  metallic  reflection,  x,  391. 
fictitious  displacement  of  fringes  of  in- 
terference, z,  o92. 
on  Haidinffer*s  Brushes,  x,  394. 
Stone,  artificial  i,  302,  vi,  145,  446. 
Stone  Jar,  action  of  caustic  soda  oo,  W, 

105. 
Storer,  D.  H^  Synopsis  of  the  Fishea  of 

North  America,  by,  noticed,  ii,  145. 
Storm  of  H.  M.  S.  Racer,  Col  Reid,  i,  166. 
of  Cuba  and  the  Atlantic,  u  333. 
on  the  great  lakes,  Oct.  18th,  1844,  u, 
321. 
Storms,  W.  C.  ISe^fEeU, on , i,  1,  153,333,d, 
162,311, 

rates  of  their  progressiva  molioii,  i,  15, 
ii,  163. 
Mr.  Thom*$  work  on,  i,  16. 
their  whirlwind  action,  i,  11, 161,  ii,  166, 
175-180. 
their  vertical  height,  ii,  184. 
fall  of  barometer  imder  their  rolary  ac- 
tion, i,  161,  ii,  311. 

induce  an  increase  of  temperatora  at 
their  access  in  winter,  ii,  318. 

Mexican  origin  of  most,  which  visit  die 
United  States,  i,  153,  163,  u,  322. 

move  in  general  accordsince  vritfa  the 
great  currenu  of  the  lower  atmosphere,  ii, 

Mr.  PiddingtoH*s  work  on,  vii,  144. 
CoL  Reid'i  work  on,  i,  2,  viii,  455. 
practical  directions  for  marineis  in,  W. 
C.  RedjiM,  ii,  330-334. 

value  of  electric  telegraph  in  anno«me> 
ing  approach  of,  W.  C.  Redfield,  ii,  334. 
Strachey,    meteorological    OMervattona    at 

Thibet,  x,  396. 
Strtcker,  on  ox-jrall,  v,  417. 
Strickland,  H.  £.,use  of  the  words  analogy, 
homology  and  iconism,  iii,  339. 
on  the  Dodo  and  allied  birds,  iv,  422,  vn, 

Stroganowite,  a  new  mineral,  ii,  413. 
Structure,   furrows  dependant   on,    C  B. 

Adams,  vi,  433. 
Stmve,  O.,  on  satellite  of  Neptune,  v,  282. 
Struvite,  a  new  mineral,  ii,  2d8. 
Strychnine,  test  for,  v,  411. 
StrzeleckCs  New  South  Walea,  i,  278. 
Subdivision  by  trituration  aiul  solntioii,v, 

48. 
Subsidence  of  land  at  Puzzuoli,  ii,  269. 
in  the  Cutch,  ii,  27a 
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Subsidence^  zones  of,  proved  by  fiords,  J.  D. 
Dana,  vU,  379,  380. 

in  Pacific,  proved  by  Coral  Islands,  ii, 
354,  iii,  94. 
Sugar,  E.  Peli^oC sTOBtbod  of  estimating  the 
quantity  of,  lii.  109. 
of  gelatine  from  hippuric  acid,  iii,  257. 
A.  Laurent,  iii,  258. 
E.  N.  Honford,  iii,  369,  iv, 
58  326 

r.5.flim<,  iv,  108,  266,  V, 
74,vi,259. 

Marchand,  ii,  413. 
products  of  decomposition  of, 
v,  118,  vii,  107,109. 

in  urine,  production  of,  by  wounding  the 
brain,  x,  113. 

in  the  flowers  of  the  Rhododendron  pon- 
ticum,  X,  113. 
of  honey,  Soubeiran,  i,  113. 
test  for  the  presence  of,  x,  109. 
in  the  liver,  Bequard  and  BarreswiU,  x, 
112. 
McCuUock*8  report  on,  viii,  150. 
new  mode  of  extracting,   fVom  sugar 
cone,  ix,  301,  x,  411. 
of  milk,  in  milk  of  Camivora,  v,  119, 

the  cotyledons  of  seeds,  x,  113. 
produce  of  Spain,  x,  409. 
Sugar  cane,  starch-sugar  in,  v,  259. 
Swivant,  W,  S.,  Musci  Alleghanienses,  i,  70. 
Mosses  and  Liverworts,  by,  in  Gray's 
Manual  of  Botanv,  v,  297. 
Sulphate  of  lime,  solubility  of,  AiUhoA,  ii,  1 14. 
Sulphato-chlorid  of  copper,  a  new  mineral, 

CotmeU,  iv,  415. 
Sulpho-cyanogen  in  human  saliva,  ii,  263. 
Sulphur  obtained  from  ^psum,  v,  261. 
crystallization  of,  vii,  282. 
anomaly  in  atomic  volume  of,  vi,  170. 
atomic  volume  oi,  x,  264. 
in  organic  substances,  mode  of  estima' 
ling,  V,  408,  vi,  422. 
in  meteorites,  ii,  384. 
spring,  £.  Florida,  ii,  46. 

in  Mexico,  vi,  389,  390. 
hot,  in  Koordistan,  iii,  349. 
mines  of,  in  Koordistan,  iii,  353. 
Sulphuric  acid,  manufacture  of,  A.  A,  Hayes, 
VI.  113. 

springs  of  New  York,  etc., 
vii,  175,  viii,  364,  ix,  123,449. 

action  of  iron  and  zinc  with 
anhydrous,  viii,  271. 
Sulphur  acids,  analysis  of  some,  viii,  109, 110. 
Sulphuretted  hydrogen,  action  of,  on  nitric 

acelene,  T.  S.Hunt,iv,  350. 
Sulphurous  ether,  how  formed,  i,  261. 
Sun,  planetary  nebulous  masses  near,  iii,  444, 
eclipse  of,  in  April,  1846,  ii,  138. 
annular  eclipse  in  Oct,  1847,  v,  283. 
central  of  the  Universe,  ii,  433. 
daily  intensity  of,  at  the  exterior  surfiice 
of  the  earth,  x,  49. 

and  moon,  photographic  images  of,  x, 
287. 
Superior,  Lake,  mass  of  native  copper,  from 
jF.iS'A<pA«rd,iv,  115. 

columnar  basalt  on,  iv,  118. 

Tautolite,     [should     read, 

Tkchylite],  on  north  shore,  iv,  278. 


Superior,  Lake,  ores  and  minerals  of,  ii,  118, 
Tu,  286,  X,  65. 

erratic   phenomena  of,   L, 
Agassiz,  X,  83. 
Swan,  Wm.,  on  gradual  production  of  lumin- 
ous impressions  on  the  eye,  ix,  443. 
Syenites,  crystallization  o%  ii,  351. 
of  Upper  California,  vii,  253. 


Tabula  Atomicse  of  Rose,  edited  by  W,  P, 

Dexter,  x,  298. 
Taconic  rocks,  C.  B.  Adams,  on,  v,  106. 
Talc  of  Rhode  Island,  analysis  of,  viii,  122. 

analysis  of,  x,  253. 
Talcose  Rocks  of  Upper  California,  vii,  254, 

261,262. 
Tallow,  Chinese  vegetable,  ix,  116. 
Talus  slopes,  vi,  133. 
Tampa  Bay,  Florida,  Geology  of,  i,  38. 
Tanning,  on  tests  of  astringent  substances 

for,  VI,  112. 
Tan ta lite,  new  metals  in,  iii.  357. 

on  the  acid  in  the  North  American,  H, 
Rose,  iv,  408. 
Tapir,  fossil,  jaw,  &c.,  o^  from  Texas,  i,  247. 

American,  XteM^y,  ix,  140. 
Tartaric  acid,  fermentation  of,  iv,  271. 
Taurine,  J.  Redtmbacher,  viii,  107. 
Taylor,  H.,  on  apparent  motion  of  red  and 

blue  figures  in  wonted,  vii,  132. 
Taylor,  J.  S.,  notice  of  Trilobites  in  th« 

cabinet  of,  x,  113 
Taylor,  R.  C,  on  coal  in  China,  ii,  143. 
work  by,  on  coal,  noticed,  vi,  150. 
Tea  plantations  in  India,  vii,  135. 
Telegraph,  electrophonic,  ii,  118. 

electric,  lines  of,  in  United  Statea,  iii, 
296,  V,  55, 66. 

fact  V.  fancy,  iii,  449, 
use  of,  for  cletermining  differ- 
ences of  longitude,  v,  313,  x,  151. 

history  of,  iv,253,  vi,  439. 
register  to  astronomical  clock,  vii,  206, 
viii,  231,  X,  151. 

reports  by,  of  meteorological  phenomena. 
W.  a  Redfdd,  ii,  334. 
Telescope  of  Cambridge,  nebula  In  Orion 
resolved  by,  iv,  A'l6, 
of  Cincinnati  Observatory,  i,  297,  315. 
of  Washington  Observatory,  i,  294. 
Rosse's,  vi,  139. 
Telescopes,  Fitz*s,  vi,  437. 
Telluret  of  bismutli  from  Virginia,  C  Fisher. 
Jr^  vii,  282. 
ibid.  C.  T.  Jackson,  vi,  188,  x,  78. 
Telluric  bismuth,  Brazil,  viii,  127. 
Temperature  of  the  Mediterranean,  i,  133. 
of  winter  Atlantic  storms,  W,  C.  Red" 
fdd.  ii,  319. 

of  Ulica,  vi.  296. 

as  indicatecl  by  opening  and  closing  of 
the  Hudson,  vi,  295. 
influence  of,  on  fauna  of  ^gean,  vii,  300. 
of  New  Zealand  and  Auckland  Islmnds, 
viii,  22,  23. 
of  Upper  California,  vii,  291. 
of  Antarctic  Ocean,  viii,  24  et  seq. 
diurnal  variations  of,  viii,  42,  218,  350. 
loss  of,  from  nocturnal  variation,  viii,  45, 
218. 
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Temperatare,  montUf  difierencet  of,  W.  A. 
Norton,  x,  338. 

on  caune  of  Hm  of  itotbermal  linet  in 
northern  winters,  x,  397. 
Tenerifie,  notes  on  plants,  dec,  of,  iv,  121. 
Tennessee,  geologj  of,  /.  N.  Loamit^  i,  232. 
fossil  bones  from,  W.  M.  C^rpenter^  i,  244. 
minerals  of,  ▼,  421. 
Tension  of  vapor  of  water,  J.  H,  Alexander, 

vi,  210,  317. 
Terebol,  vii,  43a 
Temate,  earthquake  in,  v,  422. 
Terra  del  Fuego,  plants  of,  viii,  163. 
Terraces,  on  the  study  of^  J.  D.  Dana^  vii,  1, 
viii,  86. 

of  Scotland  and  other  regioni,  vii,  4, 
viii,  33. 
on  the  Sacramento,  vii.  256, 261. 
Kerguelen's  Islsnd,  vii,  318. 
of  the  country  bordering  Lake  Erie,  x,31. 
Tertiary  of  United  States,  T.  A,  Conrad^  i, 
209,395. 
of  Alabama, vi,354. 
of  Mississippi,  T.A.  Conra<2,ii,  124,210. 
of  Florida,  7.  A.  Conrad,  ii,  36,  399. 
of  Upper  California  and  Oregon,  vii,  260. 
of  Oregon,  fossils  of,  v,  432. 
of  South  Carolina,  viii,  67. 
Echinoderms,  S.  O.  MorUm,  ii,  273. 
of  Russia,  iii^  157. 
infusoria  of.  in  Maryland,  vii^  437. 
Tetchemacher,  J.  £.,  on  auano,  noticed,  i,  311. 
Damourite  in  the  United  Stales,  ii,  119. 
new  mineral  ftt>m  the  Azores,  iii*  32. 
fossil  vegetation  of  America,  iii,  86. 

of  anthracite  coal,   iv, 
420. 
anglet  of  Arkansite,  viii.  274. 
Tetradymite,  vii,  282,  vUi,  127,  x,  79. 
Texas,  petrified  wood  io.  ii,  124, 359. 

on  the  geology  of,  F,  Romer,  ii,  358,  vi, 

21. 

meteoric  iron  of,  ii,  370. 

Theine,  method  of  preparing,  /fetnstaw,  x,l09. 

Theories  of  Franklin,  Dulay  and  Aropdre 

objectioDB  to,  by  R,  Hare,  v,  230,  343. 
Thermometers,  comparison  of  Centigrade  and 

Fahrenheit,  x,  281. 
Thialdine,  v,  122. 
Thibet,  meteorological  observations  at,  x, 

396. 
Thjorsauite,  vii,  114. 
Thompson,  L^  on  preparation  of  chloric  add 

and  chlorates,  v,  262. 
Thompeon,  D.  P.,  work  on  meteorology,  no- 
ticed, vi,  154,  viii,  305. 
Thon^fteon^  Z.,  History  of  Vermont,  v,  301. 

fossil  bones  in  Vermont,  ix,  256. 
Thomson,  R,  /).,  law  of  balance  of  food  in 

nutrition,  viii,  435. 
Thomson,  R.  T.,  on  Shea  batter  and  vegeta 

ble  tallow,  ix,  116. 
Thomson^  W.  M.,  on  the  Sabbatic  River,  ii, 

305. 
Thoracocaras,  a  new  genus  of  orthoceratites, 

i,440. 
Thou|[bt8  on  Animalcules,  by  G.  A.  BiamieU, 

noticed,  ii,  149. 
Thulite,  analysis  of,  x,  251. 
Tidal  observatioQi  on  United  States  coast, 
V,  317. 


Tital  action  on  ooaats,  memoir  oo,  by  C.  H 

Davis,  noticed,  viii,  305. 
Tides  at  Kergoelen's  Island,  vii,  330. 
T^lghman,  R.,  decomposing  power  of  watsr 

at  high  temperatures,  v,  266. 
Timor,  falling  of  a  mountain  at,  v,  423. 
Hn,  separation  of,  from  antimooy,  i,  107. 
native,  ii,  415. 
dimorphous,  vi,  255. 
mines  of  Malscca,  vi,  130. 
mines  of  Banka,  vii,  86,  viii,  291. 
in  plumbaginous  slates,  z,  134. 
plate  scrap,  use  of^  in  the  manofoctara 
of  malleable  iron,  ix,  279. 
Titahiferous  mineral,  new,  T.  S.  Jhatt,  ii,30. 

veins  of  the  Alps,  origin  oA  ix,  121 
Tltaniuin,  native,  ii,  414. 

equivalent  number  of,  iv,  103. 
researches  on  compounds  of^  O.  M.  £M* 
man,  vii,  106. 
Tobacco,  alkaloid  of,  ii,  409. 
acids  of,  E.  QoaipSi,  iii,  423. 
mode  of  determining  the  amount  of  ni- 
cotine in,  iv,  272. 
TooUu^H^  meteorological  register  atNatchex, 

ii,  429. 
Topax,  crystals  and  fluids  in,  i,  121,  v,  4S0, 

in  North  Carolina,  viii,  875. 
TMogrtphical  Bureau,  works  by,  viii,  306, 

of  P^imsylvaniA  and  Ohia,  vi. 


Tornados,  occur  locally  in  gr^at  storms,  W, 

C.  RedJieU,  ii,  186. 
Toronto  Observatory,  i,  137. 
Torpidity  and  hibernation,  v,  108. 
Tracks,  see  Footmte, 
Transactions  of  the  American  Philoaophical 
Society,  see  American. 
of  the  LinnsBan  Society,  v,  451. 
of  the  Royal  Society  of  E^burgh,  ix, 
312. 
of  the  Lvceum  of  New  York,  aee  Lyeemm, 
of  the  Boston  Soc.  Natural  History,  see 
Boston, 
Transit  corrections,  theory  oC,E.F.  Burr,  iv, 

258. 
Trap  dykes  of  New  England,  J.  G.  Perdwi, 

tuff  of  Connecticut  valley,  iv,  199. 

rocks,  Kerffuelen*s  Land,  vii,  3lH. 

TratUvetter,  PUntanmi  Imagines,  Ac,  o(, 

noticed,  iii,  147, 
Trees,  fossil,  Bristol,  Ct,  iv,  116. 

Kefvuelen*s  bland,  vii,  318. 
see  ferther,  FossiL 
Tremolite,  Jade  allied  to,  ii,  267. 
TVrtWyon,  W.  C,  boring  power  of  snails,  ii, 

276. 
TVeoe/yan**  bars  vibrating  by  galvanism,  ix, 

105. 
Triarthrus  Beckii,  on  the  identity  oS,  with, 

Atops  trilineatus,  v,  107,  322. 
Trichroism  of  crystals,  i,  267. 
Trichostomom  vagiaans,  i,  72. 
Trieste,  Society  of  Naturalists,  iii,  451. 
Trigonometrv,  a  treatise  on  p4ane  andspher- 

ical,  by  W,  Chauvenet,  noticed,  x,  900. 
Trilobites,  note  on,  by  Bunmeister,  i,  285. 
in  New  York,  iii,  61,  64. 
large,  of  Ohio,  vi,  431. 
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THIobitet,  notice  of,  in  the  cabinet  of  J.  S. 

Taylor,  x,  113. 
Trimorphisra,  nn  instance  of,  ii,  416. 
Trinidad,  observation  on,  vii,  315. 
Tritoraiie,  a  new  mineral  species,  x,  245. 
Troglodytes  eorilla,  J.   Wyman  and  T.  S. 

Savage,  v,  106,  viif,  141.  ix,  34. 
TroosU  O.^  on  three  varieties  of  meteoric 
iron,  ii,  356. 

meteoric  iron  of  Mtirfreesboro*.  Tenn.^ 
v,351. 

on  kraorite  and  cacoxene  io  Tennessee, 
V.  421. 

geological  survey  of  Tennessee,  by,  viii, 
419. 
obituary  of,  x,  298. 
Trooslite,  ix,  409. 
Ttopidolepis  scincicnuda,  vii,  202. 
Trough,  new  mercurial,  Louyet,  ii,  263. 
Troul  of  Swedish  lakes,  a  salt  water  spe- 
cies, iii,  316. 
Tubes  in  sandstone  in  Alabama,  A.  Bigdow^ 

ii,  421. 
Tuckerman,  £.,  proposed  work  on  Lichens, 
iii,  146. 

synopsis  of  the  Lichens  of  New  England, 
T,  452. 
on  some  New  England  plants,  vi,  224. 
American  Species  of  Potamogeton,  vii, 
347. 
Tungstates,  analysis  of,  i,  108. 

composition  of,  A.  Laurent,  vii,  281. 
Tungsten,  alloys  of,  Percys  vii,  276. 

on  the  amid  compounds  of,  k,  256. 
7Vofn«y,  M.,  cranium  of  the  Zeuglodon,  iv, 
149,  283. 

Report  on  South  Carolina,   reviewed, 
viii,  61. 

on  the  Geology  of  Alabama,  x, 
299. 
Tnrgite,  a  new  mineral,  ii,  415. 
Turkey,  Koordistan,  mines,  springs,  dltc,  of, 
iii,  347. 

J.  Lawrence  Smithy  chemist  and  geolo- 
gist in,  iv,  449. 
Turner's  Chemistry,  notice  of,  ii,  148. 
Turpentine  camphor,  J.  C.  List,  vii,  430. 
Turtle.  East  Florida,  it,  46. 
Tuscaloosa,  coel  field  of,  i,  371. 
Tuscany,  boracic  acid  lagoons  of,  ix,  431. 
Tussock  grasf,  viii,  168. 
TSvining^  A,  C.,  on  the  doctrine  of  parallels, 
i,89. 
note  on  his  article  on  parallels,  i,  147, 
reply  to  a  criticism  on  his  demonstration 
relating  to  parallels,  ii.  69. 
Tycho-Brahe,  relics  of,  ctiscovered,  i,  308. 
Tyler,  5.,  on  philosophical  induction,  v,  319. 
Tyndall,  J.,  on  the  deportment  of  crystalline 
bodies  between  the  poles  of  a  magnet,  ix, 
414. 
magnetoK>ptic  property  of  crystals,  x,  393. 
Type  manufacture,  >Tii,  292. 
Types,  new  mode  of  making,  vi,  287. 

U. 
Unger^  distribution  of  palms  in  geological 

formations,  ii,  133. 
Unio  abacoides,  5.  5.  Haldeman,  ii,  274. 
Unionite,  a  new  mineral,  B,  SilUmanf  Jr,f 

viii,  384. 


United  States  Coast  Survey,  see  Coast, 

grain  produced  in,  in  1847,  vi,  288« 
Ural  Mountain*,  geology  of,  iii,  158. 

diamonds  and  itaoolnmittf 
in,  ii,  119. 

gold  and  platina  in,  ii,  120« 
minerals  of,  ii,  120. 
Uralorthite,  crystallization  of,  viii,  125. 
Uranium,  atomic  weight  of,  i,  262. 
sulphate  and  carbonate  of,  v,  336. 
coracite  an  ore  of^  ii,  173,  vii,  434. 
Uranus,  researches  on  Neptunian  theory  of^ 
£.  F.BMrr,vi,236. 
relations  of,  to  Neptune,  v,  495. 
Urea  in  urine,  Hentz,  ij,  1 10. 
new  add  in  human,  i,  104. 
of  herbivorous  animals,  composition  of,  i, 
264. 
Urinary  calculi  in  the  Transylvania  Uni" 
versity  museum,  -Work  on,  by  A.  PetoTf 
noticed,  iii,  299, 451. 
calculus,  i,  263. 
Utioa,N.Y.,coldof,vi,296. 

V. 

Vttd^  A.,  on  magnetic  telegraphs,  notice^i 

i,  150. 
Valerianic  acid,  Lidng^  ii,  112. 
Valeronitrile,  v,  118. 

Vallevs,  formation  of,  J.  D,  Dana,  ix,  48, 289/ 
Vanadate  of  copper,  ii,  414. 
Van  Beneden^  J.  P.,  mode  of  reproduction  in 

the  inferior  animals,  v,  280. 
list  of  works  by  him,  v,  280,  note. 
Van  Diemens  Land,  fossil  trees  of,  viii,  18« 
Vanilla,  production  of,  in  Europe,  iv^  446. 
Vanvxem,  /..,  obituarv  of^  v,  445. 

cabinet  of,  for  safe,  tx,  147. 
Vapor  of  water,  tension  o^  J.  H,  Akxandeff 

vi,  210,  317. 
Variation  of  the  moon's  motion,  i^  389. 

of  a  differential  coefficient  of  a  Amction 

of  any  number  of  variables,  A.  D.  Stanley ^ 

ui,  415. 
Varley^  Jr.,  improvements  in  the  air-pomp,  z, 

Varnish  for  eggs,  crabs,  insects,  &c.,  i,  265. 
Varrentrapp  and  WilTs  method  for  nitrogeo 

improved,  E.  N.  Horsford,  iv,  267. 
Vaxtx,  Wm.  S.  large  crystals  of  sphene,  ix,  430« 
Vega's  Thesaurus  Logarithmorum,  errors  in^ 

V,  399. 
Vegetable  bases,  how  affected  by  the  bicir' 

bonates,  it260. 
Kingdom,  LindlefSf  noticed,  ii,  152. 
Vegetation,  influence  of  protoxyd  of  nitrogen 

on,  iii,  425. 
Veins,  titaniferous,  in  the  Alps,  ix,  122. 
Velocity  of  sound,  on  theory  ofl  E.   W, 

Blake,  ^,  7m. 
I  Ventilation  of  apartments,  ii,  412. 
Venus,  Gilliss*s  expedition  for  observing^  to 

determine  solar  parallax,  vi,  143. 
Verds,  Cape,  notes  on,  iv,  123. 
Vermiculite,  analysis  of,  ix,  422. 
Vermont,  Geological  survev  of,  i,  31(>,  435. 
report  on  Geology  of,  by  C.  B.  Adams, 

noticed,  iii,  144. 
History  of,  by  Z.  Tkon^p9(m,  noticed,  v, 
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Vermont,  bekht  of  noontalnt  in.  ▼,  901. 
VenuuiL  E.ie,<mthe  Fuf  uUna  in  Ohio,  ii, 
293. 
ratam  to  Europe,  ii,  440. 
review  of  Geologv  of  Russia,  iii.  153. 
on  the  Paleozoic  deposits  of  Mortn  Amer- 
ica, y,  176,  a'id. 

on  the   Parallelism  of  Amerioaa  and 

European  rocks,  vii,  45, 218. 

Vertebrate  skeleton,  type  and  homologies  of, 

R.  Owen.  iv.  123. 
Vestigea  of  Creation,  ($equel,)  reviewed,  i, 

250. 
Vesuvian  Bleteorological  Observatory,  i,  306. 
Vesuvius,  eruption  of,  ii,  290,  vii,  437. 
Vibration  of  wires  producing  electric  cur- 
rents, i,  256. 

of  soift  iron  produced  by  galvanic  cur- 
rent,!, 426. 
of  Trevelyan*8  bars,  ix,  105. 
Vidua  albonotata,  and  concolor,  vii,  115, 116. 
Vinegar,  arsenic  in,  iv,  272. 
Vir^nia,  gold  mining  in,  vii,  295. 
Vision,  on  single  aiM  double,  J,  Locke,  vii, 
68. 
ibid.  S,  P.  Lathrop,  vii,  343. 
Berkde^t  theory  o^  D,  Brtwtler  oo,  vii, 
273. 

an  imnoticed   kind  of   abDormal,   C. 
Deioey,  viii,  443. 
Vitrificatien,  influence  of  boracie  acid  in,  iz, 

305. 
Vivianite,  composition  of,  iz,  84. 
ViUckner,  chemical  composition  of  the  fluid 

in  the  aseidia  of  Nepenthes,  ix,  419. 
VUgeli,  F.,  on  phosphoric  ethers,  iz,  113. 
VogeCB  voyage  to  the  Niger,  notes  from,  iv, 

119. 
Voice,  organs  of,  in  man,  viii,  287. 
Yolcker^  pbosphoric  acid  in  natural  wateia,  z, 
412. 

valoa  of  food  varying  with  the  amount 

of  nitrogen  present,  z,  403. 

Volatile  ous  or  the  CrucifersB,  iii,  425. 

Volcanic  mountains,  origin  of  feldspathic 

centre  of,  J.  D.  Dana,  i^  348. 

action,  Prevott's  views  on,  iii,  180. 

dust  of  Heola,  iii,  272. 

band  nearly  encircling  the  Piicifio,  iii, 

398. 

peak  of  Fogo,  Cape  Verds,  iii,  432. 

eruption  at  the  Cape  Verds,  iv,  146. 

of  Hawaii,  J.  D.  Dona,  iz,  347, 
1,285. 

of  Hecla,  ii,  290,  iii,  288. 
of  Vesuvius,  ui,  290,  vii,  437. 
scoria  of  Kilauea,  analyses  of;  ii,  273. 
grit  of  Connecticut  valley,  E.  Hiickcock, 
iv,  199. 
plateavz  of  Caocasns,  v,  423. 
peaks  of  Western  America,  vii,  3S0, 
rocks  of  Croiet  group  and  other  islands, 
J.  C.  Roit,  vii,  3\u  ond  bevond. 
Volcano  in  the  Red  Sea,  iii,  273. 

DTobable  submarine  in  China  Sea,  iii, 

new,  V,  422. 

Rucu-Pichineha,  ezploration  of,  iv,  417. 
Antarctic,  vii,  328. 

old,  near  Kilauea,  Hawaii,  C.  S,  Lyman, 
vii,  287. 


Voleanoea,  tanae  of  poaiiioo  <<  J.  D.  Ikaiv 
ui,  186. 

ancient  and  eztinct,  C.  DtaJbaaf*  woA 
on,  noticed,  v,  446. 
of  the  moon,  J.  D.  Dana^  ii,  335. 
V61knerite,  a  new  mineral,  vii,  113,  vii,  122. 
Voltaic  arc,  molecular  pbenoiBena  at,  Jkla 
Rive,  iiu  UO. 
see  Gahanic, 
Vom  Bhtcher,  if.,  formatioa  of  lactic  acid 

from  cane  sogar,  i,  107. 
Vorticose  movements duringeartfaquakes, re- 
marks on,  R,  MaUetf  ii,  27a 
Vosgite,  vii,  113. 

W. 

Wacktnroder,  if.,  preparation  of  nha  of  ba- 
ryta and  barytic  water,  vi,  423. 

Wapterj  on  the  solubility  of  ehlorid  of  se- 
dium  m  alcohol,  v,  124. 

Wo/dAcrm,  F.  de,  jubilee  in  honor  oC  v,  SOL 

Wales,  New  South,  rodu  and  valleys  ofj  J. 
D.  Dana,  iz,  289. 
fossils  oC  J.  D.  Dana,  ir,  151,  v,  433. 

Walker,  S,  C.,    conclnsioD  respecting  Ls 
Verrier^s  planet,  iii,  441. 

identity  of  Neptune  with  •  star  obeerved 
by  Lalande,  iv,  133. 

elements  of  the  planet  Neptme,  v,  153, 
vi,  277,  396. 
_jalvanic  register  astronomical  dock,  vii, 

velocity  of  galvanic  wave,  viii,  142. 

ezamination   of  Kirkwood^s  Analogy, 
1,19. 

report  on  the  experience  of  the  U.  8. 
Coast  Survey  in  regard  to  telegraph  ops- 
rations  for  the  determinatioQ  of  loogitode, 
z,  151. 
WalUrAauaeiCs  work  OQ  Etna,  noiioe  eC  ii, 

157. 
Ward,  on  the  cost  of  voltaic  arrangencotib 

iz,  111. 
Warren,  J.  C,  purchase  of  mastodon,  i,  270. 
Warrington,  JRL,  on  testing  astringant  siib> 

stances  for  tanning,  vi,  112. 
Warwickite,  relations  of,  to  Enceladite,  ii,XL 
Washington,  observations  at  the  Nstioosl 

Observatory  of,  noticed,  iii,  150, 278. 
Water  of  artesian  well  at  Crenelle  and  Hon* 
drof,i,264. 

decomposed  by  metals  in  presencs  of 
salts,  i,  258. 

frooEen  by  air-pump  witbovt  the  aid  of 
sulphuric  acid,  i,  265. 

maximum  density  of  pure,  iii,  427. 

raised  by  waves,  iii,  449. 

decomposing  power  of,  at  lu£^  tempen- 
tures,  V,  266. 

tension  of  vapor  of,  J.  H.  Alexander^  ri, 
210,  317. 

analyses  of  several,  B.  SiUiman,  Jr^  ii, 
218. 

chemical  ezamination  ot  several  frtm 
Hartford,  Ct,  B.  W,  BmO,  iv,  385. 

sea,  analytical  researches  on,  Fordkam- 
fner,  iii,  289. 

of  the  Mediterranean,  analysis  ol^  viii, 
116. 

of  the  Dead  Sea,  analysis  of;  viii,  441 
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Water  of  the  TtMearon  Sour  Spring^and 
other  mineral  waters  of  Canada,  T,  H 
Hunt,  viu,  364,  ix,  266. 

of  Oak  Orchard  ipring,  analytet  of,  ix, 
449. 
alkaline  springs,  ix,  123. 
of  Schuylkill,  analysis  of,  ix,  123. 
of  Firth  of  Forth,  fluorine  in,  ix,  118. 
containing  boracic  acid,  ix,  431. 
of  towns,  report  on,  R.  A.  Smith,  vii,  279, 
1,411. 
Waters,  mineral,  determination  of  bromine 
in,  ill.  Heine^  ii,  113. 
phosphoric  acid  in,  x,  412. 
on  metals  contained  in  v,  120. 
Water  and  land  on  the  earth,  relative  quan- 
tities of,  6\  P.  Rigand,  ii,  289. 
Water  spout,   account  of  £.  Loomit.  iv, 

362. 
Water  power  of  Europe,  iv,  145. 
Waterman^  G.,  Jr.,  on  foci  of  parabolas,  i,  200. 
Wave  of  translation,  W.  WheweU,  vi,  115. 
Wavellite  in  Georgia,  viii,  275. 
Waves,  height  of.  J.  C.  Ross,  vii,  316. 
height  of  Atlantic,  Scoraiby,  x.  386. 
force  of,  in  the  Atlantic  ana  German 
Oceans,  ii,  139. 

sea-water  raised  by,    through  valved 

tubes,  iii,  449. 

transporting  power  of,  ii,  140. 

of  sound,  rei'raciion  and  diffraction  of 

waves  of,  iii,  140. 

Wax,  constitution  of,  i,  117. 

B.  C.  Brodie  on,  vii,  427,  ix.  111. 
Wealden,  supposed  birds  bones  in,  i,  274. 
Weather,  on  ibretellin|,  and  on  the  moon*s 

influence  on,  Arago,  iii,  141. 
Wdtskif,  on  roagnesian  idocrase,  x,  251. 
Webster,  J,  W.^  idocrase  in  Sandford,  Me., 

vi,425. 
Webster's  Dictionary,  new  edition  by  Good- 
rich, noticed,  v,  147. 
Weibw,  S.  H.,  on  Tritomite  and  Cetapfeiite, 

description  of  Athernstite  and  Eudoo- 

Wphite,  X,  246. 
eidenbusch,  H.,  mode  of  estimating  sulphur 
in  inorganic  substances,  vi,  422. 
on  aldehyde,  viii,  268. 
Weighta,  minute,  mode  of  making,  iii,  41 L 
of  minute  spheres  of  gold  and  silver,  iii, 
414. 

and  measures,  Pmsstan  standard  fixed 

by  Betsd,  iv,  316. 

Wevhach^  J.,  Principles  of  Machinery  and 

Engineering,  viii,  455. 
Wdd,  M.  C,  analysis  of  albite,  viii,  390. 
Welies,  D.  A.,  Annual  of  Scientific  discovery, 

ix,  309,  454. 
Wertheim,  on  the  composition  and  metamor- 
phoses of  piperine,  x,  260. 
WetheriU,  C.  M.,  analysis  of  a  concretion. 

from  a  horse's  stomach,  iv,  274. 
Wethfrell,  C,  on  transformation  of  tannic 

acid  into  gallic  acid,  v,  121. 
Whale  fishery  near  Kerguelen's  Island,  vii ' 
319. 

analysis  of  a  ealculus  from  the  bladder 

of,  ix,  118. 

Whales  in  the  Antarctic,  vii,  324. 

Wheat,  development  of  vegetable  OBAtler  in, 

BoussingauU,  iii,  106. 


\WhehlejrJ.  D.,  on  phflofopfaical  induction, 

views  on  atoms  and  ray-vibratk>ns,ii,  401. 
views  on  heat,  ii,  401. 
Whewell,  method  of  measuring  the  heighci 
of  clouds,  iii,  140. 
anemometer  of,  modified,  iii,  136. 
refraction  and  diffraction  of  waves  of 
sound,  iii,  140. 
wave  of  translation,  vi,  115. 
on  Berkeley's  theory  of  vision,  vii,  274. 
Whishaw,  on  gutta  percha,  vii,  276. 
'White  Mountains  of  New  Hampsliire,  geo- 


logical fl^e  off  i,  411,  V,  116. 
Vk5ney,f,D.,     '        '    ' 


Wktlney,  J.  i>.,  minerals  from  near  Lake  Stf- 
perior,  yi,  269. 

examination  of  American  minerals,  vii, 
433,  434. 

on  some  silicates  containing   carbonic 
acid,  chlorine  and  sulphuric  acid,  vii,  435. 
on  chloritoid  and  Masonite,  vni,  272. 
black  oxyd  of  copper.  Lake  Superior, 
viii,  273. 
WhiiXLueti,  C,  notes  on  the  drift  and  alluvi- 
um of  Ohio  and  the  West,  v,  205. 
on  a  coal  plant,  viii,  375. 
terraces  on  Lake  Erie,  x,  31. 
Wight,  Isle  oi^  bones  of  Iguanodon,  i,  275. 
Wildenstein,  R.,  dolomite  from  the  Muschel- 

kalk  near  Saarbriicker,  x,  248. 
Wilkes,  C,  depth  and  saltness  of  the  ocean, 
v,41. 

medal  of  Royal  Geographical  Society, 
awarded  to,  vi,  297. 
Will,  H..  Outlines  of  the  Giessen  coane  of 

Qualitative  Analysis,  iv,  455. 
WiUemite,  ix,  408. 
William  of  Warren  and  his  countess  Gun- 

dreda  exhumed,  i,  146. 
Williamrite,  a  new  mineral,  vi,  249. 
Wilson,  G.,  solubility  of  fluur  spar  and  o<v 
currence  of  fluorine  in  minerals,  plants, 
animals,  and  natural  waters,  ii,  114,  ii,  118. 
X  413. 
Wilson^  T.  B..  donations  to  the  Academy  ef 
Natural  Science  at  Philadelphia,  ii,  296. 
Winds,  nature,  course,  rates,  d&c.,  of,  in  hur- 
ricanes of  the  American  seas,  and  other 
storms,  W.  C.  Redjield,  ii,  162,  311. 

remark  on  cause  of  general,  W.  C.  ReA- 
fidd  iii,  283, 284. 

ot  the  northern  hemisphere,  J.  H,  Coffin^ 
vi,  398. 

and  currents  of  the  ocean,  Af.  F.  Maurjif 
vi,  399. 
of  California  and  Oregon,  vii,  389. 
influence  of  course  ol,  on  climate,  vii, 
392. 
seeds  disseminated  by,  viii,  163. 
variations  in  force  of,  for  1844,  viii,  53. 
see  Storm. 
Wisconsin,  geological  report  of,  ix,  306,  i,  z. 
Wislizenus,  A.,  tour  by,  m  Northern  Mexico, 

vi,  376. 
Witling,  on  prossic  acid,  i,  106. 
Wiitstein,  on   the  reduction  of  chlorid  of 
silver,  ix,  418. 

quantitative  determination  of  soda,  and 
separation  of,  from  potash,  i,  110. 
Wohler,  F.,  examination  of  the  Castorenm*. 
1,259. 
on  benzoardic  acid,  i,  119. 
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IFdiUer,  /*.,  Cryptolite,  a  new  mineral,  i^  268. 
an  organic  compound  containing  anenic, 
viii,269. 

on  the  amid  compoonda  of  tongtten,  x, 
256. 

and  latUgt  on  alkaloids  from  aldehyde, 
T,  128. 

on  the  action  of  cyanic  add 
upon  alcohol  and  aldehyde,  v,  409. 
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Mexican,  G.  A.McCaU,  vii,  114. 

new,  J.  CoMtn,  vii,  115. 

fossil,  of  New  Zealand,  i,  129,  v,  134, 
431,vii,28, 151,  ix,  147,437. 
Anser,  new  species,  O.  N.  Lawrence,  iii,  435. 
Chamea,  new  genus  of  birds,  W.  QanbeL, 

iv,286. 
Columba,  new,  G.  A.  AfCafl,  iv^  421. 
Ck>ndor  of  the  Cordillera,  iv,  447. 
Cymindis  Wilsonii,  J.  Castin,  iv,  285. 
Dodo,  H.  E.  Strickland,  iv,  422,  vii,  52. 
Embryo-Birds,  feet  of,  vi,  432. 
Oyster  catcher,  vi,  433. 
Procellaria,  new,  O.  N.  Lawrence,  iii,  436. 
Pyranga  roseo-gularis,  Dr.  Cabot,  iii,  436. 
Sterna  cantica.  Dr.  Cabot,  vi,  136. 
Wren,  new,  Dr,  Cabot,  vi,  136. 
Fossil  footprints  of,  see  Footprints. 

Fishes. 

Fishes,  water  tubes  in,  vi,  431. 
on  statics  of,  Miiller,  iii,  276. 
new,  from  Lake  Superior,  Agatsk,  z,125. 
new  fossil,  from  the  PalsBozoic  rocks  of 
Indiana,  J.  G.  Norwood  and  D.  D.  Owen, 
i,367. 
fossil,  of  Australia,  J.  D.  Dana,  v,  433. 
characteristics  from  fins  of,  A^osstz,  i, 
440. 

Stoier*B  Synopsis  of  North  American,  ii, 
145. 
Hybodus,  fossil  shark,  i,  280. 
SquaHdsB,  fossil,  of  United  Sutes,  R,  W. 

Gibbes,  vii,  441. 
Trout  of  Swedish  Lakes  a  saltwater  species, 
Ui,  316. 

Reptiles. 

Reptiles  of  Oregon,  A.  J.  SkUton,  vii,  202. 
Cheirotherium,  of  Pennsylvania,  ii,  25,  iz,124. 
£ryx  maculatus,  E.  HaUowdL,  ix,  137. 
Ichthyosaurus,  embryo  of,  i,  276. 
Iffuanodon,  i,  275,  vi,  429,  vii,  150,  438,  439. 
Minhocfio  of  the  Goyanes,  iv,  130. 
Pelorosaurus,  G.  A.  ManteU,  ix.  147, 439. 
Plesiosaurus  megacephalus,  S,  SttOchbwy, 

Salamanders,  new  North  American,   S.  F. 

Baird,  ix,  137. 
Spondylosaurus,  i,  440. 


Inskots  aitd  Ceustaoea. 

Insecu  of  Mexico,  5.  S.  Haideman,  v,  435. 

Entomology  of  United  States,  history  of;  J. 

G.  MmrU,  i,  17. 
Crustacea,  remarks  on  some,  I».  R,  GUbes,  x, 

122. 
classification  of,  J.  D.  Dana,  i,  225. 
homolodes  in,-viii,  284. 
of  the  Samarang,  work  by  Adamt  and 

WhUe,  X,  148. 
Amphipoda,  J.  />.  Dana,  x,  123. 
Apludas,ii,427. 

Apus,  new,  J.  LeConte,  ii^4. 
Atopt  trilineatus.  v,  107,  a22. 
Balanus,  eyes  of,  J.  Letdv,  vi,  136. 
Cicada  septendecim,  iii,  216, 218. 
Coryc«ns,  on  eyes  of,  ix,  133. 
Cyclopacea,  genera  of,  J.  D.  Dana,  i,  225, 

viii,276. 
Entomostraca  of  Exploring  Expedition,  /.  D, 

iktna,  viii,  276^ 
Entomostraca,  work  on  British,  by  W.  Baird^ 

noticed,  x,  145. 
Entophytes,  /.  Letiy,  ix,  441. 
Gammaracea,  synopsis  of  genera  of,  J.  D. 

Dana,  viii,  135,  428,  ix,  295. 
Hemiptera  and  Hymenopiera,  new  species 

of,  S.  S.  Haideman,  iz,  108. 
Isopoda  of  Exploring  Expedition,  J.  D.  Dana, 

viii,  424. 
Lepidoptera,  oi^gan  of  sound  in,  S,  S,  Haide- 
man, V,  435. 
LocnstsB,  wings  of,  iii,  125. 
Nocticula,  genus  of  CrusUcea,  J.  D.  Dana, 

X,  122. 
Oitbona  plumifera,  TV.  Baird,  x,  123. 
Orchestida,  new  genus  of,  J.  D.  Dana,  iz, 

295. 
Sapphirina,  &c.,  eyes  o^  J.  D.  Dana,  iz,  133. 
Scnizopoda,  of  Ezploring  Ezpedition,  J.  D, 

Dana,  iz,  129. 
Trilobiies,  i,  285,  v,  107,  322,  vi,  431. 

MOLLVSOA. 

Molluscs,  boring  oi;  i,  130,  vii,  288. 

olfactory  sense  in,  iii,  434. 
Shells,  microscopic  structure  of,  i,  283. 

of  Connecticut,  collected  by  J.  H.  LinS' 
ley,  vi,  233. 

recent,  of  Florida,  7.  A.  Conrad,  ii,  36, 
393. 
nriocene  and  living,  Conrad,  i,  404. 
freshwater,  of  Rockbridge  Co.,  Va.,  T. 
A.  Conrad,  i,  405. 
supposed  new,  TV.  Case,  iii,  101,  276. 
of  the  Eocene,  7.  A.  Conrad,  i,  209, 395, 
ii,  399. 

new,  contributions  by  C.  B.  Adams,  no- 
ticed, iz,  133, 458. 
fossil,  of  New  York,  iii,  57  ef  seq.,  170. 
of  Columbia  river,  T.  A.  Conrad, 
v,432. 

of  Australia,  J.  D,  Dana,  iv,  151, 
V,  433. 

see  farther,  FossU. 


Arsonauta  argo,  vi,  137. 

Belemnites,  i,  285. 

Belemnite  and  Belemnoteuthis,  G.  A.  A/an« 

teU,  ix,  438. 
Fusulina  in  Ohio,  ii,  293. 
Haliotis,  new,  C.  B,  Adams,  vi,  138. 


Digiti 


zed  by  Google 


472 


IlfDEX,    VOLS.    I ^X. 


limnsni  ttagnalif ,  ear  of,  iv,  131. 
Namnialina.  stnictura  of,  W.  B,  Carpenter^ 

X,  275. 
Orthoceras,  supposed  imprefttion  of  soft  parts 

of,  vi,  13«. 
Polythftlaroia,  fossil,  soft  bodies  of,  preserv- 

ed,  ii.  275,  T,  70. 
of  South  Carolina,  iv,  453. 
geographical  distribution  of,  and  notice 

of  D'Orbignv*»  work  on,  iv,  452. 
Spirula,  animal  of,  J.  E.  Chav,  L  131. 
Stoastoma,  new  genus  of  shells,  C.  B,  Adama, 

iz,133. 
Thoracooeras,  of  the  family  of  orthoceratites, 

i,440. 

Radiata,  Infuioria. 

AcalephsB,  memoir  on,  by  L.AgastiZf  no- 
ticed, X,  272. 

Asterias,  fossil,  paleozoie  of  Ohio,  i,  441. 

Astrasa,  remarks  on  genus,  J.  D.  Dana,  ix, 
293. 

Corals,  fossil,  genera  of  Cyathophyllide,  J 
X).  £)«iui,i,I7a 

on  some  tertiary  of  United  States,  iv, 
857,  359 


Echinoderms,  fossil  paleoxoie,  of  St.  Looif , 
Mo.,  ii,  225. 

Eocene,  United  SialeSf 
S.  G.  Morton,  ii,  273. 
Melonites  multipora,  ii,  225,  iti,  124. 
Navicula  Spencerii,  v,  443,  vii.  265,  ix,  23. 
Pygorhynchus  Gooldii,  a  ibasil  echinus,  Jf« 

Bouvdi  iii,  437. 
Sponge,  ii,  194,  vi,  277. 
Sponges,  freshwater,  of  Bombay,  H.  J.  Car' 

ter,  X,  301. 
Infusoria  in  guano,  i,  442,  452. 

of  tertiary  of  Maryland,  J.  W.  BaOej, 
vii,  437. 
of  Oregon,  ix,  140. 
of  Florida,  J.  W.  Bailey,  x,  282. 
on  the  teeth,  H.  J.  BoudUeh,  ix,  442. 
of  volcanic  rocks,  i,  123. 
Zoophytes,  ii,  64,  187,  iii,  1,  160,  337,  iv. 

Report  on,  by  J.  D.  Dana,   noticed,  i, 
149,  178,viii,455,ix,294. 

Zuccarini,  analogy  between  flora  of  Japsn 

and  United  States,  ii,  135. 
Zygadhe,  a  new  mineral,  viii,  124. 
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Hepari  on  Prof.  Pagers  Electro-magnetic  Engme ;   by  Prof^ 
Walter  R.  JosiisoN. 

[From  the  National  InteUigencerJ 
Gbntlemen  :- — 

In  order  to  be  able  to  answer  the  many  inquiries  which  are  daily  put 
to  me,  orally  or  otherwise,  respecting  Dr.  Page V  recent  applications  of 
electro-magnetism  to  the  propelling  of  machinery ,  I  have  made^  with  h\9 
consent,  two  series  of  experiments  for  the  purpose  of  ascertaining  the 
amount  of  power  actually  exercised  at  present  by  the  machine  recently 
exhibited  at  the  Smithsonian  Institution.  My  attention  was  primarily 
directed  to  ascertaining,  1st,  the  proportion  between  the  weight  resting 
on  the  periphery  of  the  fty-wheel  to  produce  friction,  and  the  amount  of 
resistance  to  motion  which  that  friction  produced.  2d,  the  true  peri- 
phery of  the  fly-wheel.  3d,  the  amount  of  insistent  weight  or  actual 
pressure  caused  by  the  friction  brake.  4th,  the  number  of  revolu-^ 
tions  of  the  engine  made  under  every  load  with  which  the  engine  wa9 
charged. 

September  17,  1850,  I  passed  a  measuring  tape  round  the  fly-wheel 
and  found  it  18  feet  3}  inches  in  circumference,  say  13*29  feet. 

2.  I  weighed  the  friction  lever  and  found  it  13  pounds  6^  otinees,  or 
13*406  pounds.  I  found  its  centre  of  gravity  to  be  2  feet  10|  inches 
from  the  fulcrum,  and  the  fulcrum  7^  inches  from  the  point  of  applica- 
tion of  the  lever,  or  rather  of  the  plate  of  brass  fixed  beneath  it.  Hence 
the  pressure  exercised  by  the  lever  alone  upon  the  fly-wheel  is  62*78 
pounds,  which  may  practically  be  called  63  pounds. 

I  found  the  extreme  point  of  application  of  the  weights  to  the  lever 
to  be  6  feet  10  inches  from  the  fulcrum.  Hence  the  leverage  with 
which  the  weights  act  on  the  wheel  is  11*31  to  1.  If  the  lever  were 
without  weight,  or  were  rendered  so  in  effect  by  counterpoising,  m 
weight  of  5*55  pounds  would  produce  the  same  pressure  when  applied 
at  the  extremity,  as  the  weight  of  lever  itself  now  does ;  that  is,  62*78 
pounds.  In  all  the  experinoents  which  I  made,  the  weights  were  placed 
at  the  extremity  of  the  friction  lever. 

3.  To  test  the  force  of  resistance  created  by  the  friction-brake,  I 
caused  a  small  cord,  about  f  of  an  inch  in  diameter,  to  be  placed  be*^ 
neath  the  fly-wheel  and  fastened  to  one  of  the  spokes  in  such  nmnner 
that  the  cord  applied  itself  to  the  periphery.  It  was  then  carried  over 
a  pulley  about  on  a  level  with  the  top  of  the  wheel,  and  a  short  distance 
in  front  of  the  engine.  The  pulley  was  4  or  5  inches  in  diameter,  and 
its  journal  and  cheeks  were  kept  lubricated  to  diminish  friction  as  much 
as  possible. 
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The  weights  were  applied  to  the  wheel  at  four  difiereot  points,  so  as 
to  determine  the  differences  in  resistance  encountered  by  the  engine  in 
the  different  parts  of  its  revolution  ;  that  is,  in  the  different  positions  of 
its  crank.  With  92*55  pounds  at  the  extremity  of  the  lever,  including 
the  effective  weight  of  the  lever  itself,  the  insistent  weight  oo  the  top  of 
the  wheel  being   1046*74  pounds,  it  took,  to  keep  the  wheel  barely 

moving  at  the  first  point  tried, 159  lbs. 

"    2d      do.  ......  166    " 

"    3d      do 158   " 

"    4th     do 158    " 

Or  an  average  of 160J  " 

Hence  160-25-7-1046*74=  *153 ;  or  15*3  per  cent,  is  the  ratio  of  the 
resistance  to  the  weight  which  produced  it.  This  includes  the  resist- 
ance at  the  axle  as  well  as  at  the  periphery  of  the  wheel  where  the 
lever  rests  upon  it,  and  also  whatever  resistance  the  connecting  rod  and 
moving  bar  of  the  engine  encountered  ;  for  they  were  all  conoected  and 
moved  by  the  cord  passing  over  the  pulley. 

4.  Having  detached  the  cord — the  weights  on  the  friction  lever  re- 
maining as  above — I  applied  the  battery,  havings  as  stated  by  Dr.  Page, 
one-fourth  more  surface  than  had  been  used  in  his  experiments  at  the 
Smithsonian  Institution.  The  engine  now  made  eighty-eight  revolu- 
tions per  minute.     Hence 

160-25  X  13-29  X  88_  ..^ 
33000  ~ 

horse  power.  The  divisor  here  employed  is  that  of  Watt,  and  the 
power  estimated  includes  the  resistance  of  the  engine  caused  by  friction, 
&ic. ;  but  these  are  far  less  than  in  ordinary  steam  engines.  It  is  proper 
to  mention  that  the  surface  of  the  fly-wheel,  when  testing  both  the  fric- 
tion and  the  power  of  the  engine,  was  kept  fully  lubricated,  in  order  to 
give  a  steady  and  uniform  resistance. 

5.  To  ascertain  the  effect  of  giving  a  greater  velocity  and  a  dimin- 
ished load  to  the  engine,  I  took  fourteen  pounds  from  the  weight  on  the 
friction  brake,  leaving  78*55  lbs.  on  the  lever,  and  a  direct  pressure  on 
the  wheel  of  78*55  X  11'31  =z  888*4  pounds,  on  which,  computing  the 
friction  at  15.3  per  cent.,  we  obtain  135*9  lbs.  of  resistance.  Under 
this  resistance  the  engine  made  ninety-six  revolutions  per  minute,  giving 
by  a  computation  analogous  to  the  preceding,  5*25  horse  power.  Hence 
it  appears  that  the  diminution  of  resistance  did  not  give  quite  a  corres- 
ponding increase  of  speed. 

6.  I  next  removed  fourteen  pounds  more  from  the  brake,  leaving 
64*58  pounds,  and  giving  730  pounds  insistent  weight.  The  engine 
then  made  one  hundred  and  two  revolutions  per  minute.  This,  by  a 
like  computation,  proved  the  power  to  be  that  of  4*58  horses.*    it  hence 

*  The  formula  used  in  computing  the  power  of  the  engine  is 

5 =  -J-=^  = 

the  horse  powers  of  the  engine ;  where  P  is  the  periphery  of  the  fly-wheel  in  feet, 
t  =  the  revolution  per  minute ;  L  =  the  longer  arm  of  the  lever,  /=  the  ab«ter 
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appears  that  the  diminution  of  useful  effect  was  considerably  more  rapid 
than  the  increase  of  velocity. 

The  above  experiments  were  made  with  the  battery  supplied  with 
acid  that  had  been  used  five  times  previous  to  this  day's  operations,  as 
stated  by  the  assistant  in  charge  of  the  battery. 

There  were  present  during  these  trials,  honorable  Messrs.  Davis,  of 
Massachusetts,  Dayton,  of  New  Jersey,  and  Hale,  of  New  Hampshire, 
of  the  United  States  Senate  ;  Robert  Beale,  Esq.,  Serg*)ant-at-arms  of 
the  Senate  ;  Erskine  Hazard,  Esq.,  of  Philadelphia ;  S.  D.  Dakin,  Esq., 
of  New  York,  and  George  W.  Riggs,  Esq.,  of  Washington. 

September  18th,  1850. — ^In  order  to  ascertain  what  effect  would  be 
produced  by  using  fresher  acid,  and  an  addition  of  about  one-twentieth 
to  the  battery  service,  having  made  a  series  of  five  trials  similar  to 
those  of  yesterday  to  ascertain  the  friction,  and  finding  it  under  64*55 
pounds  on  the  lever,  to  be  fifteen  per  cent,  very  nearly,  I  allowed  the 
engine  to  run  under  that  weight,  when  the  number  of  revolutions  was 
one  hundred  and  eleven.  Two  experiments  had  been  made  prior  to 
this,  and  six  were  afterwards  performed,  making  nine  in  all  during  this 
day,  to  test  the  power  of  the  engine,  all  of  which  are  contained  in  the 
following  table  : 

Table  of  second  day^s  work. 


1 

C  +  c  = 

Revolutions 

W=(0-h)^ 

v= 

Horse 

ocity  of 
bar  per 
end. 

•s 

Weight 
on  the 
lever. 

of  the  en- 

Effective pressure 

Effective  resist- 

power 

i 

gine  per 
minute. 

of  the  brake. 

ance  to  motion. 

of  the 
engine. 

^11 

Pounds. 

Pounds. 

Pounds. 

Feet 

1 

99-65 

90 

1,125-9 

168-9 

612 

6-00 

2 

92-56 

101 

1,046-7 

157-0 

6-38 

6-78 

8 

64-56 

111 

730- 

109-5 

4-89 

7-40 

4 

78-65 

110 

888-4 

133-2 

5-90 

7t88 

6 

92-55 

108 

1,046-7 

1570 

6-82 

7-20 

6 

99-66 

102 

1,125-9 

168-9 

6-93 

6-80 

n 

109-30 

86 

1.286-2 

186-7 

6-85 

6-66 

8 

112-30 

76 

1,2701 

190-5 

5-88 

5-06 

9 

117-30 

96 

1,326-7 

199-0 

7-69 

6-40 

The  9th  experiment  was  made  after  the  battery  had  been  brought 
into  very  vigorous  action  by  the  use  of  a  short  circuit,  not  pertaining  to 


arm  of  the  lever,  C  =  the  weight  bung  at  the  extremity  of  the  lever,  e  =  weight 
equivalent    in    effect  to  the  weight  of  lever  when  applied  at  its   extremity, 

W^(C+c)y^  effective  pressure  of  lever  upon  the  wheel,  ios=  the  weight  ap- 

pended  to  the  cord  in  trying  resistance,  r=z^  ratio  of  resistance  to  the  insistent 

weight,  (;?=  the  dynamic  unit  (=88000),  F=  the  number  of  horse  powers  of  the 
engine,  including  the  friction  within  the  machine  itself 
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the  engine.     Bringing  together  \\^ first  day^s  work  it  shows  the  ioWow* 
ing  synopsM : 


9li05 
78-55 
64-55 


88 

96 

102 


1,046-7 
888-4 
730- 


160-26 

135-9 

111-7 


6-70 
6-25 
4-58 


6-86 
6-40 
6-80 


The  average  of  both  days  gives  (horse  power) >. , . .  6-03 


It  appears  that  the  3d,  2d,  and  1st  experiments  of  the  first  day  cor- 
respond respectively  with  the  3d,  4th,  and  5th  of  the  second  day,  ia 
regard  to  the  weights  applied  to  the  lever.  In  both  cases  the  higher 
velocities  gave  the  lower  efficiencies  of  the  engine.  The  change  in  the 
battery  produced  a  useful  effect,  amounting  to  about  seven  per  cent,  at 
the  highest  velocity  of  the  day ;  of  twelve  per  cent,  at  the  medium 
velocity,  and  of  nineteen  per  cent,  at  the  slowest  rate  of  motion,  which 
is  about  the  fair  working  speed  for  each  day.  Eighty-eight  revolutions 
appear  to  have  been  the  best  speed  on  the  first  day^s  trial,  and  102  to 
108  on  the  second  day.  The  alteration  in  the  state  of  the  battery  had 
increased  the  action  of  the  engine  nearly  twenty  per  cent  The  trials 
on  the  second  day  were  witnessed  by  Hon.  Mr.  Wright,  of  California, 
Marshal  Tukey,  of  Boston,  Rev.  Thomas  Sewall,  of  Washington,  Mr, 
Fillebrown,  of  the  Navy  Department,  and  Messrs.  Willards,  brothers, 
of  Washington.  Yours,  respectfully, 

WALTER  R.  JOHNSON. 

Washington,  September  19,  1850. 

In  addition  to  the  above,  we  add  an  additional  fact,  stated  to  tis  ia 
a  letter  from  Prof.  Page,  dated.  Patent  Office,  Oct  14,  1850. — Eds. 

'^  My  engine  has  now  reached  ten  horse  power.  The  data  is  as  fol- 
lows :  Engine,  two  feet  stroke  ;  fly  wheel,  13*29  feet  in  circumfer- 
ence, 102  revolutions,  with  1900  pounds  pressure  upoa  its  periphery.^' 


Digiti 


zed  by  Google 


Digiti 


zed  by  Google 


Digiti 


zed  by  Google 


Digiti 


zed  by  Google 


Digiti 


zed  by  Google 


^^^^^HS^^^^Ml^m^^M 

WSm 

R 

'.^Xic 


